
IN THE UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF DELAWARE 

JANSSEN BIOTECH, INC., 

Plaintiff, 

v. 

AMGEN INC., 

Defendant. 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

C.A. No. 22-1549-MN 

 
 

 

FIRST AMENDED COMPLAINT 

INTRODUCTION 

1. Janssen’s scientists and clinicians spent decades developing STELARA® 

(ustekinumab), a complex biological product and a first-in-kind anti-IL-12/IL-23 fully human 

antibody medicine. Janssen invested many millions of dollars and countless research hours, and 

sponsored over 100 clinical trials to expand STELARA®’s use into a variety of diseases and patient 

populations. Currently, STELARA® is prescribed in the United States to treat plaque psoriasis, 

psoriatic arthritis, Crohn’s disease, and ulcerative colitis (“UC”). Hundreds of thousands of 

patients have benefited from Janssen’s innovative work to date. 

2. Janssen’s scientists were at the forefront, working to develop a fully human 

antibody manufactured in living cells and identifying a novel target for that antibody. The antibody 

Janssen’s scientists invented, STELARA®, helps in the removal of IL-12 and IL-23, proteins made 

by the body as part of the immune response. The mechanisms by which IL-12 and IL-23 affect the 

body are complex and not completely understood (even today). As a result of its innovative work, 

Janssen was awarded a patent directed to its novel anti-IL-12 antibody, U.S. Patent No. 6,902,734 

(“the ’734 patent”), covering the active compound in STELARA®.
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3. But the antibody’s invention was just the beginning. Janssen’s scientists conducted 

dozens of clinical trials, leading to FDA approvals for the use of STELARA® for multiple 

conditions. Despite approvals for treatment of plaque psoriasis, psoriatic arthritis, and Crohn’s 

disease, Janssen pressed ahead with large-scale clinical studies for the treatment of UC. The result 

of this investment was a new treatment option, allowing patients to avoid life-altering surgery and, 

in many cases, achieve remission of their disease. Fort this discovery, Janssen was awarded 

U.S. Patent No. 10,961,307 (“the ’307 patent”) covering methods of treating UC with 

STELARA®. 

4. Janssen also made significant investments in research and development concerning 

the processes for generating and manufacturing antibodies for therapeutic use. Those efforts 

included Janssen’s October 1, 2020 acquisition of Momenta Pharmaceuticals, Inc. (“Momenta”) 

for $6.5 billion, which provided Janssen with access to new technologies for antibody 

manufacturing. Momenta was a highly skilled biosimilar manufacturer: its research and 

development focused on manufacturing antibodies, including enabling biosimilars to more 

effectively match the reference product. These R&D efforts and technologies are important in 

Janssen’s continuing efforts to manufacture antibody-based therapeutics.  

5. Janssen owns U.S. Patent Nos. 9,475,858 (“the ’858 patent”), 8,852,889 (“the ’889 

patent”), 9,217,168 (“the ’168 patent”), and 9,663,810 (“the ’810 patent”) (collectively, “the 

Manufacturing Patents”). Each of these Manufacturing Patents is directed to methods of using cell 

culturing processes to target and control features of biosimilar antibodies to assure equivalence to 

a reference product.  

6. As reflected by the grant of the Manufacturing Patents, these covered 

methodologies are valuable manufacturing techniques. The Biosimilar Price Competition and 
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Innovation Act of 2009 (“BPCIA”) established an abbreviated regulatory pathway for biosimilar 

manufacturers to seek approval from The U.S. Food & Drug Administration (“FDA”) to market 

products that are “biosimilar” to an approved “biologic” or “referenced” product. 42 U.S.C. § 262 

et seq. To obtain approval, biosimilar manufacturers need not conduct the expensive and lengthy 

clinical trials that reference product manufacturers are required to conduct. Instead, a biosimilar 

manufacturer need only show “biosimilarity” between the proposed biosimilar and the reference 

product. Further, to obtain the status of an “interchangeable” biosimilar—which allows a 

biosimilar to be substituted for the reference product without the intervention of the prescribing 

health care provider—a manufacturer must show the proposed biosimilar can be expected to 

produce the same clinical result as the reference product. The inventions covered by the 

Manufacturing Patents further and facilitate the production of biosimilar and interchangeable 

products by specifying methodologies to derive biosimilars that have the same chemical structure 

and clinical performance as the reference product.   

7. The biosimilars arm of Amgen Inc. (“Amgen” or “Defendant”) used and is using 

these patented methodologies to prepare to commercialize ABP 654, a biosimilar copy of 

STELARA®—designed to have the same amino acid sequence as the active ingredient 

(ustekinumab) and highly similar physical and biological properties, so it can be sold as a substitute 

for STELARA®.1

8. On November 7, 2022, Amgen informed Janssen of its intention, pursuant to 

42 U.S.C. § 262(l)(8)(A), to begin marketing its biosimilar version of STELARA® after 180 days 

1 See Ex. O, https://www.amgenbiosimilars.com/products/our-pipeline (“ABP 654 is an 
investigational biosimilar to STELARA® (ustekinumab).”)
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(or upon receiving FDA approval thereafter). Ex. A. 

Id.

9. Because the launch of ABP 654 would constitute infringement of the STELARA®

compound patent (the ’734 patent) and UC patent (the ’307 patent), Janssen filed its initial 

Complaint in this matter on November 30, 2022, for infringement of these two patents. Janssen 

also requested that Amgen disclose its manufacturing process, to allow Janssen to assess whether 

Amgen infringed the Manufacturing Patents. Amgen initially refused to disclose its manufacturing 

processes. The reason for its delay is now apparent: following Amgen’s belated disclosure on 

December 5, 2022, Janssen discovered that Amgen’s processes infringe the Manufacturing 

Patents.

10. Thereafter,  

 

  

 

  

 

11. Consequently, Janssen hereby amends its pleading to address Amgen’s further 

infringement of Janssen’s patents. Specifically, if Amgen carries through with its stated plan to 

market ABP 654  “for all indications for which STELARA® is approved”, 

  
 

 

REDACTED

REDACTED

REDACTED

REDACTED

REDACTED

REDACTED

REDACTED
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Amgen will infringe at least five Janssen patents: the ’307 patent, and each of the four 

Manufacturing Patents (the ’858, ’889, ’168, and ’810 patents). Once ABP 654 hits the market, it 

will trigger renegotiation of a complex web of contracts between Janssen and Pharmacy Benefit 

Managers (PBMs) that ultimately control whether and how insurance companies and other payors 

actually pay for STELARA® (and other drugs encompassed in those contracts). These 

renegotiations resulting from Amgen’s infringing launch will cause irreparable economic harm to 

Janssen in the form of, among other things, price erosion, damage to Janssen’s research and 

development, loss of goodwill, and harm to Janssen’s ongoing relationships with payors and 

customers. On information and belief, Amgen has already begun communications with PBMs 

and/or other Janssen customers concerning availability of ABP 654.

12. Janssen files this action seeking a declaratory judgment of infringement of 

Janssen’s patents, and to preliminarily and permanently enjoin Amgen from infringing at least the 

’307, ’858, ’889, ’168, and ’810 patents. 

NATURE OF THE ACTION 

13. Janssen Biotech, Inc. (“Janssen” or “Plaintiff”), for its Complaint against Amgen, 

further alleges as follows. 

14. This civil action arises under the Patent Laws of the United States, 

35 U.S.C. §§ 1, et seq., including 35 U.S.C. § 271(a)-(c), (e) & (g), the BPCIA, including 

42 U.S.C. § 262(l), and the Declaratory Judgment Act, 28 U.S.C. §§ 2201-2202.

15. This lawsuit results from Amgen’s planned and/or ongoing manufacture, use, offer 

to sell, sale, and import/export of its biosimilar to STELARA® (ustekinumab), called ABP 654—

which will infringe Janssen’s patents concerning its innovative biologic drug, STELARA®, 

including at least the ’734, ’307, ’858, ’889, ’168, and ’810 patents. 
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PARTIES 

16. Janssen is a Pennsylvania corporation with its principal place of business at 800 

Ridgeview Road, Horsham, Pennsylvania, 19044.  

17. Upon information and belief, Amgen is a Delaware corporation with a principal 

place of business at One Amgen Center Drive, Thousand Oaks, California, 91320.  

18. Upon information and belief, Amgen is a biopharmaceutical company in the 

business of developing, manufacturing, marketing, and selling both biologic and biosimilar drugs, 

including the proposed biosimilar version of Janssen’s STELARA® (ustekinumab) product, 

ABP 654.  

JURISDICTION AND VENUE 

19. This is an action for patent infringement under the Patent Laws of the United States, 

35 U.S.C. §§ 1, et seq., including 35 U.S.C. § 271(a) et seq., the BPCIA, including 

42 U.S.C. § 262(l), and the Declaratory Judgment Act, 28 U.S.C. §§ 2201-2202. This Court has 

subject matter jurisdiction pursuant to 28 U.S.C. §§ 1331, 1338(a), 2201(a), and 2202.  

20. The Court has personal jurisdiction over Amgen because Amgen is a corporation 

organized and existing under the laws of Delaware, and has availed itself of the rights and benefits 

of Delaware law, including by engaging in patent litigation in this District. See, e.g., Amgen Inc. 

v. USV Private Ltd., No. 22-387-MN (D. Del.); Amgen Inc. v. Aurobindo Pharm. Ltd., No. 22-

227-MN (D. Del.); Amgen Inc. v. MSN Lab’ys Private Ltd., 21-662-MN (D. Del.); Amgen Inc. v. 

Alembic Pharm. Ltd., No. 21-61-CFC (D. Del.); Amgen Inc. v. Hospira, Inc., No. 20-561-CFC (D. 

Del.). Furthermore, on information and belief, Amgen has regularly and systematically transacted 

business in Delaware, has engaged in substantial and continuing contacts with Delaware, and 

through its intended launch will commit acts of patent infringement in Delaware.  
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21. Venue is proper in this judicial district pursuant to 28 U.S.C. § 1391(b)-(c) and 

28 U.S.C. § 1400 because Amgen, a Delaware corporation subject to personal jurisdiction in the 

judicial district of Delaware, resides in the District. Furthermore, on information and belief, 

Amgen has regularly and systematically transacted business in Delaware and through its intended 

launch will commit acts of patent infringement in Delaware.  

STELARA®

22. STELARA® is a fully human antibody biologic medicine. Its active ingredient is 

ustekinumab, a fully human isolated anti-IL-12 antibody.3

23. FDA first approved STELARA® in September 2009, for the treatment of adults 

with moderate to severe plaque psoriasis. Today, STELARA® is approved to treat a number of 

different conditions and patient populations: both adult patients and pediatric patients six years 

and older with moderate to severe plaque psoriasis who are candidates for phototherapy or 

systemic therapy; both adult patients and pediatric patients six years and older with active psoriatic 

arthritis; adult patients with moderately to severely active Crohn’s disease; and adult patients with 

moderately to severely active UC.  

24. FDA approved STELARA®’s use to treat UC, the most recent indication, in 

October 2019. For this indication, STELARA® is prescribed, recommended, or suggested in its 

label for administration to subjects with moderately to severely active UC as a pharmaceutical 

composition comprising a clinically proven safe and clinically proven effective amount of 

ustekinumab.  

3 Ustekinumab, the antibody that is the active ingredient in STELARA®, binds both IL-12 and IL-
23 in the body; it can thus be characterized as an anti-IL-12 antibody, as well as an anti-IL-12/IL-
23 antibody.  
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JANSSEN’S MANUFACTURING OF THERAPEUTIC ANTIBODIES 

25. Alongside Janssen’s development of STELARA® and other biologic products, 

Janssen has made significant investments in research and development concerning the processes 

for generating and manufacturing antibodies for therapeutic use. The intellectual property derived 

from that research and development has facilitated Janssen’s ability to manufacture STELARA®

and other products safely and consistently to deliver therapies to patients.  

26. Janssen’s efforts have also included the acquisition of technologies developed by 

others in the antibody manufacturing industry. In particular, on October 1, 2020, Janssen acquired 

Momenta. Momenta’s research and development included a substantial focus on methods of 

manufacturing biosimilar antibodies, including cell culturing processes that impact attributes of 

recombinant antibodies. These patents are directed to enabling biosimilar manufacturers to use 

these processes to control attributes of the antibodies produced, thereby more precisely targeting 

the characteristics of the reference product—and ultimately, producing a better copy than would 

otherwise be produced. Janssen now owns the ’858, ’889, ’168, and ’810 patents. 

ABP 654, THE AMGEN BIOSIMILAR PRODUCT 

27. Amgen has developed a proposed biosimilar to Janssen’s STELARA® product, 

called ABP 654. Amgen has publicly announced that “ABP 654 is being developed as a biosimilar 

candidate to STELARA,” and further that “ABP 654 has the same pharmaceutical form, dosage 

strength, route of administration and dosing regimen as” STELARA®. Ex. B at 2-3.  

28. In developing ABP 654, Amgen set out to create a copy of STELARA®

(ustekinumab). See Ex. A; Ex. R, Amgen_ABP654_000038766 at 38769 (“ABP 654 is a 

biosimilar to Stelara® (ustekinumab).”). Pursuant to 42 U.S.C. § 262(i)(2) & (k)(2)(A)(i), to be 

biosimilar ABP 654 must be highly similar to STELARA® with only minor differences in 
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clinically inactive components, and with no clinically meaningful difference between ABP 654 

and STELARA® in terms of safety, purity, and potency. 

29. On November 11, 2020, Amgen initiated a Phase 3 study evaluating the efficacy 

and safety of ABP 654 compared with STELARA®. See Ex. C. Amgen has publicly stated that this 

Phase 3 study “evaluating the efficacy and safety of ABP 654 compared to 

STELARA® . . . demonstrat[ed] no clinically meaningful differences between ABP 654 and 

STELARA.” See Ex. B at 1; see also Ex. D at 41 (“Preliminary results from a Phase 3 study 

evaluating the efficacy and safety compared to STELARA® in adult patients with moderate to 

severe plaque psoriasis met the primary efficacy endpoint.”).  

30. On information and belief, Amgen also intends to seek approval of ABP 654 as an 

interchangeable product with respect to STELARA®. See Ex. E; see also Ex. F at 40 (“A Phase 3 

study to support an interchangeability designation in the U.S. is ongoing.”). Pursuant to 42 U.S.C. 

§ 262(k)(4), to be interchangeable, ABP 654 must be biosimilar, and further meet the criteria that 

it be expected to produce the same clinical result as STELARA® in any given patient, and have no 

increased risk in terms of safety or diminished efficacy of alternating or switching between the use 

of ABP 654 and STELARA® compared to using STELARA® alone. 

31. Thus, Amgen set out to create a biosimilar version of ustekinumab matching 

STELARA®’s structural and functional characteristics, such that the ustekinumab antibody in 

Amgen’s ABP 654 product would have no major differences from the ustekinumab antibody in 

STELARA®, and there would be no clinically meaningful differences between ABP 654 and 

STELARA® in terms of safety, purity, or potency. This goal informed both Amgen’s development 

process for ABP 654 and the final parameters of Amgen’s manufacturing process for ABP 654 

and selected characteristics of ABP 654.
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32. According to Amgen’s aBLA,  

 

 

 

 

 

 

 

33. For example,  
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35. Moreover,  
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36. Furthermore,  
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38. Amgen has made public statements regarding the development of ABP 654 

scientific and healthcare investor conferences, touting it as “analytically similar” to the reference 

product, STELARA®. See, e.g., Exs. G-I.  

39. On information and belief, FDA has not yet approved Amgen’s proposed ABP 654 

biosimilar product.  

REDACTED

REDACTED

REDACTED
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AMGEN’S NOTICE OF COMMERCIAL MARKETING AND THIS INFRINGEMENT 
ACTION 

40. On , Amgen submitted an aBLA to FDA seeking approval to 

market in the United States a biosimilar version of Janssen’s STELARA® product. On 

November 3, 2022, Amgen publicly announced that Phase 3 data had been “submitted to FDA to 

support U.S. approval” of its biosimilar copy of STELARA® (ustekinumab). See Ex. J at 42. 

Amgen’s aBLA submission to FDA4 constitutes an act of infringement under the BPCIA. See 42 

U.S.C. § 271(e)(2)(C).  

41. On November 7, 2022, Amgen provided its 180-day notice of commercial 

marketing to Janssen, stating:  

Pursuant to 42 U.S.C. § 262(l)(8)(A), Amgen hereby provides this notice of 
commercial marketing not later than 180 days before the date of the first 
commercial marketing of Amgen’s ABP 654 drug products that are 
biosimilar candidates to the drug products covered by Biologics License 
Application Nos. 125261 and 761044 (“Stelara® drug products”). Amgen 
intends to commercially market its ABP 654 drug products with a full label 
that includes all the FDA approved indications for the Stelara® drug 
products. Amgen will decide on a specific date to commence U.S. 
commercial marketing of its ABP 654 drug products and intends to be ready 
to commence commercial marketing upon receiving FDA approval. 

Ex. A.  

42. This notice signals Amgen’s stated intent to begin selling its infringing biosimilar 

product prior to expiration of Janssen’s Patents. Ex. A (Amgen “intends to be ready to commence 

commercial marketing upon receiving FDA approval”). Amgen informed Janssen it intends to 

4 Amgen’s Notice of Commercial Marketing further supports that Amgen has already submitted 
its aBLA, since Amgen informed Janssen that it provided that notice “[p]ursuant to 42 U.S.C. 
§ 262(l)(8)(A).” Ex. A. The cited statutory section, 42 U.S.C. § 262(l)(8)(A), provides that “[t]he 
subsection (k) applicant shall provide notice to the reference product sponsor not later than 180 
days before the date of the first commercial marketing . . . .” (emphasis added). By providing 
notice “pursuant to” § 262(l)(8)(A), Amgen confirms it is a “subsection (k) applicant”—an aBLA 
submitter under 42 U.S.C. § 262(k).  

REDACTED
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market ABP 654 for all indications and patient groups for which STELARA® is approved. Ex. A 

(“Amgen intends to commercially market its ABP 654 drug products with a full label that includes 

all FDA approved indications for the Stelara® drug products.”).  

43. On November 11, 2022, counsel for Janssen asked Amgen’s counsel whether 

Amgen had filed its aBLA with FDA, whether and when FDA had accepted Amgen’s aBLA 

application, whether Amgen intended to participate in the BPCIA “patent dance,” and whether 

Amgen would provide its aBLA to Janssen. See Ex. K. Amgen did not disclose when it filed its 

aBLA, whether FDA had accepted it, or whether Amgen intended to participate in the BPCIA 

“patent dance.”  

44. Given Amgen’s initial refusal to provide its aBLA, Janssen identified patents that 

“could be identified pursuant to section 351(l)(3)(A)(i).” 35 U.S.C. § 271(e)(2)(C); Sandoz Inc. v. 

Amgen Inc., 137 S. Ct. 1664, 1674–75 (2017) (failure to provide aBLA “does not define the act of 

artificial infringement itself” but “merely assists in identifying which patents will be the subject of 

the artificial infringement suit”).  

45. Based on Amgen’s failure to disclose its aBLA, the BPCIA also authorized Janssen 

to “bring an action under section 2201 of title 28 for a declaration of infringement, validity, or 

enforceability of any patent that claims the biological product or a use of the biological product.” 

42 U.S.C. § 262(l)(9)(C).  

46. On November 29, 2022, Janssen filed its original complaint in this action based on 

Amgen’s infringement of the ’734 (compound) and ’307 (UC) patents. 

47. Amgen did not provide Janssen with a copy of its aBLA until December 5, 2022. 

See Ex. V.  
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48. On December 8, 2022—three days after Amgen provided Janssen access to its 

aBLA—Janssen requested Amgen’s permission to share Amgen’s confidential information with 

expert consultants to evaluate the several hundred thousand pages of highly technical information 

included in Amgen’s aBLA. See Ex. W. Amgen refused to authorize any expert access whatsoever 

for several weeks. See Ex. X. Amgen eventually agreed to authorize three experts on January 4, 

2023. As a result, Janssen’s expert consultants were unable to even begin their review of Amgen’s 

326,977-page aBLA materials until January 4, a full month after Amgen first provided it to 

Janssen.  

49. On January 23, 2023, after weeks of negotiations with Janssen, Amgen stipulated 

to an order that,  

 

 

 

 

 

  

50. On February 2, 2023, Janssen served on Amgen a list of patents, which included 

the ’734, ’307, ’858, ’889, ’168, and ’810 patents, for which Janssen believes a claim of patent 

infringement could reasonably be asserted. See 42 U.S.C. § 262(l)(3)(A). Janssen served this list 

of patents out of an abundance of caution. To date, Amgen has not complied with the patent 

dance—instead providing its aBLA before, not “after,” FDA acceptance of its aBLA for review. 

See 42 U.S.C. § 262(l)(2). And despite numerous requests from Janssen, Amgen also failed to 

REDACTED

Case 1:22-cv-01549-MN   Document 46   Filed 03/07/23   Page 14 of 111 PageID #: 8820



CONTAINS PLAINTIFF’S & DEFENDANT’S CONFIDENTIAL INFORMATION 

15 

clearly confirm that it intends to comply with the patent dance. Ex. Y. Instead, Amgen stated that 

it only provided its aBLA to Janssen “voluntarily.”  Ex. V.  

51.  

 

 Janssen has not 

yet obtained discovery concerning any past infringement of the ’734 patent or current activities 

Amgen contends fall under the § 271(e) safe harbor. Furthermore, Amgen continues to take action 

in Ireland in preparation for importation of ABP 654 into the United States. Ex. Z.  

52. Amgen intends to launch ABP 654 prior to expiration of the ’307, ’858, ’889, ’168, 

and ’810 patents. Ex. A. Thus, there exists between the parties a controversy of sufficient 

immediacy to support and maintain a declaratory judgment of patent infringement under 35 U.S.C. 

§ 271(a) et seq. 

53. On information and belief, FDA’s approval of Amgen’s aBLA is imminent.5  FDA 

has expressed its intention to “[r]eview and act on 90 percent of original biosimilar biological 

product application submissions within 10 months of the 60 day filing date.” Ex. L at 4.  

54. As set forth below, Amgen’s commercial manufacture, use, sale, offers for sale, 

and/or importation of its ABP 654 biosimilar product will infringe Janssen’s patents, either 

literally or under the doctrine of equivalents. See 35 U.S.C. §§ 271(a)-(c), (e) & (g).  

5 Unlike the Hatch-Waxman Act, filing a lawsuit under the BPCIA does not trigger an automatic 
30-month stay of FDA approval for the biosimilar. Instead, the FDA approval process continues 
regardless of any patent infringement.  

REDACTED
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JANSSEN’S ASSERTED PATENTS 

55. In the course of developing STELARA®, Janssen obtained patents related to 

ustekinumab (the fully human monoclonal anti-IL-12 antibody that is the active compound in 

STELARA®), including its administration to treat UC and methods of manufacturing of 

therapeutic antibodies, such as ustekinumab.  

56. Janssen asserts the ’734, ’307, ’858, ’889, ’168, and ’810 patents in this suit.  

The ’734 Patent 

57. The ’734 patent is titled “Anti-IL-12 antibodies and compositions thereof,” and was 

duly and legally issued on June 7, 2005. A true and correct copy of the ’734 patent is attached 

hereto as Ex. M. Janssen is the owner by assignment of the ’734 patent. Broadly speaking, the ’734 

patent is directed to and claims compositions of ustekinumab, the antibody that is the active 

ingredient in STELARA®. The ’734 patent includes four claims, two of which are independent. 

Claim 1 recites:  

1. An isolated anti-IL-12 antibody, comprising a heavy chain variable 
region (VH) of the amino acid sequence set forth in SEQ ID NO:7 and a 
light chain variable region (VL) of the amino acid sequence set forth in SEQ 
ID NO:8.

The ’307 Patent 

58. The ’307 patent is titled “Methods of Treating Moderately to Severely Active 

Ulcerative Colitis by Administering an Anti-IL12/IL23 Antibody,” and was duly and legally issued 

on March 30, 2021. A true and correct copy of the ’307 patent is attached hereto as Ex. N. Janssen 

is the owner by assignment of the ’307 patent. In general, the ’307 patent is directed to and claims 

methods of treating UC with ustekinumab, the antibody that is the active ingredient in 

STELARA®. The ’307 patent includes 34 claims, four of which are independent.  
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59. Claim 3 (which depends from claim 1) recites:  

1. A method of treating moderately to severely active ulcerative colitis (UC) 
in a subject in need thereof, comprising administering to the subject a 
pharmaceutical composition comprising a clinically proven safe and 
clinically proven effective amount of an anti-IL-12/IL-23p40 antibody, 
wherein the antibody comprises a heavy chain variable region and a light 
chain variable region, the heavy chain variable region comprising: a 
complementarity determining region heavy chain 1 (CDRH1) amino acid 
sequence of SEQ ID NO:1; a CDRH2 amino acid sequence of SEQ ID 
NO:2; and a CDRH3 amino acid sequence of SEQ ID NO:3; and the light 
chain variable region comprising: a complementarity determining region 
light chain 1 (CDRL1) amino acid sequence of SEQ ID NO:4; a CDRL2 
amino acid sequence of SEQ ID NO:5; and a CDRL3 amino acid sequence 
of SEQ ID NO:6, wherein after treating with the antibody, the subject is a 
responder to treatment by at least one measure of response to treatment 
selected from the group consisting of: (i) clinical remission based on at least 
one of the global definition of clinical remission with Mayo score ≤2 points 
with no individual subscore >1 and the US definition of clinical remission 
with absolute stool number ≤3, rectal bleeding subscore of 0 and Mayo 
endoscopy subscore of 0 or 1, (ii) endoscopic healing with a Mayo 
endoscopy subscore of 0 or 1, (iii) clinical response based on the Mayo 
endoscopy subscore, (iv) improvements from baseline in Inflammatory 
Bowel Disease Questionnaire (IBDQ) score, (v) mucosal healing, (vi) 
decrease from baseline in Mayo score, and (vii) clinical response as 
determined by a decrease from baseline in the Mayo score by ≥30% and ≥3 
points and a decrease from baseline in the rectal bleeding subscore ≥1 points 
or a rectal bleeding subscore of 0 or 1. 

3. The method of claim 1, wherein the antibody comprises a heavy chain of 
the amino acid sequence of SEQ ID NO:10 and a light chain of the amino 
acid sequence of SEQ ID NO:11. 

60. Claim 11 (which depends from claims 1, 2 or 3 and 4, 6, 7, and 9) recites: 

4. The method of any one of claims 1-36, wherein the antibody is in a 
pharmaceutical composition for intravenous administration comprising a 
solution comprising 10 mM L-histidine, 8.5% (w/v) sucrose, 0.04% (w/v) 
polysorbate 80, 0.4 mg/mL L-methionine, and 20 μg/mL EDTA disodium 
salt, dehydrate, at pH 6.0. 

6 The language of claims 1 and 3 are recited in paragraph 59. 
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6. The method of claim 4, wherein the antibody is administered 
intravenously to the subject at week 0 of the treatment, at a dosage of about 
6.0 mg/kg body weight of the subject or 130 mg per administration. 

7. The method of claim 6, wherein the antibody is further administered 
subcutaneously to the subject at week 8 of the treatment, at a dosage of 
about 90 mg per administration. 

9. The method of claim 7, wherein the antibody is administered in a 
maintenance dose every 8 weeks after the treatment at week 8 or every 12 
weeks after the treatment at week 8. 

11. The method of claim 9, wherein the subject is in corticosteroid-free 
clinical remission at least 44 weeks after week 0.  

The ’858 Patent 

61. The ’858 patent is titled “Cell Culture Process” and was duly and legally issued on 

October 25, 2016. A true and correct copy of the ’858 patent is attached hereto as Ex. AA. Janssen 

is the owner by assignment of the ’858 patent. In general, the ’858 patent is directed to and claims 

methods of manufacturing a preparation of a recombinant antibody, such as ustekinumab, targeting 

a reference standard, including, among other things, culturing a cell in a medium comprising a 

recited amount of lysine or arginine to achieve that standard. The ’858 patent includes 38 claims, 

two of which are independent.  

62. Claim 14 (which depends from claim 1) recites: 

1. A method of manufacturing a preparation of a recombinant antibody, 
comprising: 

culturing a cell in a medium comprising 2 g/L lysine to 8 g/L lysine under 
conditions in which the cell expresses a recombinant antibody; 

isolating the recombinant antibody, thereby producing a preparation of 
the recombinant antibody; and 

formulating the preparation into a drug product if the preparation meets a 
target value of C-terminal variants of the recombinant antibody, 
wherein the C-terminal variants differ in amino acid sequence only by 
the presence or absence of a lysine at their carboxyl termini. 

14. The method of claim 1, wherein the cell is a CHO cell. 

63. Claim 33 (which depends from claim 20) recites: 
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20. A method of manufacturing a preparation of a recombinant antibody, 
comprising:  

culturing a cell in a medium comprising 2 g/L arginine to 8 g/L arginine 
under conditions in which the cell expresses a recombinant antibody; 

isolating the recombinant antibody, thereby producing a preparation of 
the recombinant antibody;  

and formulating the preparation into a drug product if the preparation 
meets a target value of C-terminal variants of the recombinant 
antibody, wherein the C-terminal variants differ in amino acid 
sequence only by the presence or absence of a lysine at their carboxyl 
termini. 

33. The method of claim 20, wherein the cell is a CHO cell. 

The ’889 Patent 

64. The ’889 patent is titled “Cell Culture Process” and was duly and legally issued on 

October 7, 2014. A true and correct copy of the ’889 patent is attached hereto as Ex. BB. Janssen 

is the owner by assignment of the ’889 patent. In general, the ’889 patent is directed to and claims 

methods of producing a preparation of a recombinant antibody, such as ustekinumab, targeting a 

reference standard, including, among other things, culturing a cell in a medium comprising a 

recited amount of lysine or arginine to achieve that standard. The ’889 patent includes 30 claims, 

three of which are independent.  

65. Claim 6 (which depends from claim 1) recites: 

1. A method of producing a preparation of a recombinant antibody, 
comprising: 

culturing a cell in a medium under conditions in which the cell expresses 
a recombinant antibody, wherein the medium comprises 1.5 g/L lysine 
to less than 20 g/L lysine; and 

isolating the recombinant antibody, thereby producing a preparation of 
the recombinant antibody. 

6. The method of claim 1, wherein the culturing produces C-terminal 
variants of the recombinant antibody that differ in amino acid sequence only 
by the presence or absence of a lysine at their carboxyl termini, and the 
method further comprises measuring a level of one or more C-terminal 
variants of the recombinant antibody in the preparation. 
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66. Claim 26 (which depends from claim 16) recites: 

16. A method of producing a preparation of a recombinant antibody, 
comprising:  

culturing a cell in a medium under conditions in which the cell expresses 
a recombinant antibody, wherein the medium comprises 1.5 g/L 
arginine to less than 20 g/L arginine, and wherein the culturing 
produces C-terminal variants of the recombinant antibody that differ 
in amino acid sequence only by the presence or absence of a lysine at 
their carboxyl termini;  

isolating the recombinant antibody, thereby producing a preparation of 
the recombinant antibody;  

and measuring a level of one or more C-terminal variants of the 
recombinant antibody in the preparation. 

26. The method of claim 16, wherein the host cell is a CHO cell. 

The ’168 Patent 

67. The ’168 patent is titled “Methods of Cell Culture” and was duly and legally issued 

on December 22, 2015. A true and correct copy of the ’168 patent is attached hereto as Ex. CC. 

Janssen is the owner by assignment of the ’168 patent. In general, the ’168 patent is directed to 

and claims methods of producing a preparation of a recombinant antibody, such as ustekinumab, 

targeting a reference standard, including, among other things, culturing a cell in a culture medium 

comprising a recited amount of putrescine to achieve that standard. The ’168 patent includes 28 

claims, four of which are independent. Claim 23 (which depends from claim 1, 10, 13, or 16) 

recites: 

1. A method of producing a recombinant protein preparation having a target 
value of one or more of galactosylated glycans, high mannose glycans, and 
sialylated glycans, the method comprising: 

(a) providing a cell genetically engineered to express a recombinant 
protein; 

(b) culturing the cell in a culture medium comprising 0.1 mg/L to 10 mg/L 
putrescine under conditions in which the cell expresses the 
recombinant protein; and 

(c) harvesting a preparation of the recombinant protein produced by the 
cell that meets the target value of the one or more of galactosylated 
glycans, high mannose glycans, and sialylated glycans, 
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wherein the target value of galactosylated glycans, or sialylated 
glycans is a level at least 10% higher than a level of galactosylated 
glycans, or sialylated glycans in a preparation produced by 
culturing the cell in the medium not comprising 0.1 mg/L to 10 
mg/L putrescine; or 

wherein the target value of high mannose glycans is a level at least 
10% lower than a level of high mannose glycans in a preparation 
produced by culturing the cell in the medium not comprising 0.1 
mg/L to 10 mg/L putrescine. 

23. The method of any one of claim 1, 10, 13, or 16, wherein the cell is a 
Chinese Hamster Ovary (CHO) cell. 

The ’810 Patent 

68. The ’810 patent is titled “Methods of Cell Culture” and was duly and legally issued 

on May 30, 2017. A true and correct copy of the ’810 patent is attached hereto as Ex. DD. Janssen 

is the owner by assignment of the ’810 patent. In general, the ’810 patent is directed to and claims 

methods of producing a preparation of a recombinant antibody, such as ustekinumab, targeting a 

reference standard, including, among other things, culturing a cell in a culture medium comprising 

a recited amount of putrescine to achieve that standard. The ’810 patent includes 24 claims, three 

of which are independent. Claim 22 (which depends from claim 1, 10, or 14) recites: 

1. A method of producing a recombinant protein preparation having a target 
value of fucosylated glycans, the method comprising: 

(a) providing a cell genetically engineered to express a recombinant 
protein; 

(b) culturing the cell in a culture medium comprising 0.1 mg/L to 10 mg/L 
putrescine under conditions in which the cell expresses the 
recombinant protein; and 

(c) harvesting a preparation of the recombinant protein produced by the 
cell that meets the target value of the fucosylated glycans 

wherein the target value of fucosylated glycans is a level at least 10% 
higher than a level of fucosylated glycans in a preparation produced 
by culturing the cell in the medium not comprising 0.1 mg/L to 10 
mg/L putrescine. 

22. The method of any one of claims 1, 10, or 14, wherein the cell is a 
Chinese Hamster Ovary (CHO) cell.  
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COUNT I 
Infringement of the ’734 Patent Under 35 U.S.C. § 271(e)(2)(C) 

69. Janssen incorporates by reference the allegations set forth in paragraphs 1 through 

68 as though fully set forth herein.  

70. On , Amgen submitted an aBLA to FDA seeking approval for the 

commercial manufacture, use, offer for sale, sale, and/or importation of ABP 654, its biosimilar 

version of STELARA® (ustekinumab). Ex. EE, Amgen_ABP654_000000136 at 136-139; Ex. FF, 

Amgen_ABP654_000037798 at 37798-377800; Ex. J at 42. The reference products for 

ustekinumab are BLA Nos. 125261 and 761044. Janssen is the holder of BLA Nos. 125261 and 

761044. 

71. To be marketed as biosimilar to STELARA® pursuant to 42 U.S.C. § 262(i)(2) & 

(k)(2)(A)(i), ABP 654 must be highly similar to STELARA® with only minor differences in 

clinically inactive components, and with no clinically meaningful difference between ABP 654 

and STELARA® in terms of safety, purity, and potency. Ustekinumab is the active ingredient in 

STELARA®. Accordingly, ABP 654 must contain either ustekinumab or a human monoclonal 

antibody identical or highly similar in amino acid sequence to ustekinumab, and also highly similar 

in other characteristics (e.g., post-translational modifications, carbohydrate profile, etc.).  

72. The active ingredient in ABP 654 is an isolated anti-IL-12 antibody having an 

amino acid sequence identical to ustekinumab. Such an antibody meets multiple claims of the ’734 

patent. For example, Claim 1 recites:  

1. An isolated anti-IL-12 antibody, comprising a heavy chain variable 
region (VH) of the amino acid sequence set forth in SEQ ID NO:7 and a 
light chain variable region (VL) of the amino acid sequence set forth in SEQ 
ID NO:8.

73. As a biosimilar to STELARA®, the active ingredient in ABP 654 is an isolated anti-

IL-12 antibody.  

REDACTED
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74.  

 

 

 

 

 

  

75. Moreover, pursuant to 42 U.S.C. § 262(k)(2)(A)(i), the active ingredient in 

ABP 654 and ustekinumab must utilize the same mechanism or mechanisms of action for the 

condition or conditions of use. Amgen has publicly stated that its Phase 3 study “evaluating the 

efficacy and safety of ABP 654 compared to STELARA®  . . . demonstrat[ed] no clinically 

meaningful differences between ABP 654 and STELARA.” See Ex. B at 1.  

76. After the filing of the original complaint, Janssen included the ’734 patent on a list 

of patents served, in an abundance of caution, pursuant to 42 U.S.C. 262(l)(3)(A) (“3A list”). Ex. 

II.  

77. Thus, Amgen’s submission of its aBLA to obtain approval to engage in the 

commercial manufacture, use, sale, offer to sell, and/or importation of ABP 654 prior to the 

expiration of the ’734 patent is an act of infringement of one or more of the claims of the 

’734 patent under 35 U.S.C. § 271(e)(2)(C), either literally or under the doctrine of equivalents.  

78. Amgen is aware, has knowledge, and/or is willfully blind to the fact that the 

commercial manufacture, use, sale, offer to sell, and/or importation of ABP 654 directly infringes 

at least one claim of the ’734 patent, either literally or under the doctrine of equivalents. Ex. K, 

Ex. JJ.  

REDACTED
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79. Amgen will knowingly or with willful blindness induce or contribute to another’s 

direct infringement of at least one claim of the ’734 patent, either literally or under the doctrine of 

equivalents. Ex. K, Ex. JJ.  

80. Amgen has knowledge of and is aware of the ’734 patent, including due to both 

Janssen’s counsel’s November 11, 2022 email, see Ex. K, and the filing of Janssen’s original 

complaint, and on information and belief, has been aware of the ’734 patent for months, if not 

years, before then. Janssen provided notice of the ’734 patent to Amgen by marking Stelara® to 

associate it with U.S. Pat. No. 6,902,734. See 35 U.S.C. § 287(a); Ex. KK, 

https://janssenpatents.com/products-patents?key=stelara. 

81. Janssen will suffer irreparable injury for which damages are an inadequate remedy 

unless Amgen is enjoined from infringing the claims of the ’734 patent.  

82. Janssen seeks an injunction preventing Amgen from the commercial manufacture, 

use, sale, offer for sale within and/or importation into the United States of ABP 654.  

COUNT II 
Declaratory Judgment of Infringement of the ’734 Patent 

83. Janssen incorporates by reference the allegations set forth in paragraphs 1 through 

82 as though fully set forth herein.  

84. This declaratory judgment action is authorized by, inter alia, the BPCIA due to 

Amgen’s provision of a notice of commercial marketing, and by the Declaratory Judgment Act. 

See 42 U.S.C. §§ 262(l)(8)(A-B), 262(l)(9)(C); 35 U.S.C. § 271(a)-(c), (e); 28 U.S.C. §§ 2201, 

2202. A judicial determination of infringement is necessary and appropriate to resolve this 

controversy.  

85. On , Amgen submitted an aBLA to FDA seeking approval for the 

commercial manufacture, use, offer for sale, sale, and/or importation of ABP 654, its biosimilar 

REDACTED
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version of STELARA® (ustekinumab). Ex. EE, Amgen_ABP654_000000136 at 136-139; Ex. FF, 

Amgen_ABP654_000037798 at 37798-377800; Ex. J at 42. The reference products for 

ustekinumab are BLA Nos. 125261 and 761044. Janssen is the holder of BLA Nos. 125261 and 

761044.  

86. On November 7, 2022, Amgen provided Janssen a notice of commercial marketing 

pursuant to 42 U.S.C. § 262(l)(8)(A). Ex. A.  

87. Amgen has made substantial preparations and intends to engage in the commercial 

manufacture, use, sale, offer for sale, and/or importation of ABP 654 after 180 days, as early as 

 (or upon receiving FDA approval thereafter). Ex. A (Amgen “intends to be ready 

to commence commercial marketing upon receiving FDA approval”), Ex. P. Amgen informed 

Janssen it intends to market ABP 654 for all indications and patient groups for which STELARA®

is approved. Ex. A (“Amgen intends to commercially market its ABP 654 drug products with a 

full label that includes all FDA approved indications for the Stelara® drug products.”). Amgen’s 

stated intention to launch its ABP 654 biosimilar product as soon as possible presents a controversy 

of sufficient immediacy to support declaratory judgment of patent infringement under 35 U.S.C. 

§ 271(a)-(c) and (e).  

88. On information and belief, Amgen has already begun manufacture in preparation 

for that imminent launch of ABP 654.  

 

89. Amgen’s submission of its aBLA, along with its stated intention in its Notice of 

Commercial Marketing to begin commercial manufacture, use, sale, offers for sale, and/or 

importation of ABP 654 prior to the expiration of the ’734 patent (i.e., immediately upon FDA 

REDACTED

REDACTED
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approval), creates an actual, immediate, and real controversy within the Declaratory Judgment Act 

that Amgen will infringe one or more of the claims of the ’734 patent, literally or under the doctrine 

of equivalents.  

90. Amgen did not provide Janssen a copy of its aBLA prior to the time Janssen filed 

its original complaint in this action. But to be marketed as biosimilar to STELARA® pursuant to 

42 U.S.C. § 262(i)(2) & (k)(2)(A)(i), ABP 654 must be highly similar to STELARA® with only 

minor differences in clinically inactive components, and with no clinically meaningful difference 

between ABP 654 and STELARA® in terms of safety, purity, and potency. Ustekinumab is the 

active ingredient in STELARA®. Accordingly, ABP 654 must contain either ustekinumab or a 

human monoclonal antibody identical or highly similar in amino acid sequence to ustekinumab, 

and also highly similar in other characteristics (e.g., post-translational modifications, carbohydrate 

profile, etc.).  

91. Indeed  

 

 

 For 

example, Claim 1 recites:  

1. An isolated anti-IL-12 antibody, comprising a heavy chain variable 
region (VH) of the amino acid sequence set forth in SEQ ID NO:7 and a 
light chain variable region (VL) of the amino acid sequence set forth in SEQ 
ID NO:8.

92. As a biosimilar to STELARA®, the active ingredient in ABP 654 is an isolated anti-

IL-12 antibody. Ex. HH, Amgen_ABP654_000034947 at 34947. 

93.  

 

REDACTED
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94. Moreover, pursuant to 42 U.S.C. § 262(k)(2)(A)(i), the active ingredient in 

ABP 654 and ustekinumab must utilize the same mechanism or mechanisms of action for the 

condition or conditions of use. Amgen has publicly stated that its Phase 3 study “evaluating the 

efficacy and safety of ABP 654 compared to STELARA® … demonstrat[ed] no clinically 

meaningful differences between ABP 654 and STELARA.” See Ex. B at 1. 

95. After the filing of the original complaint, Janssen included the ’734 patent on a list 

of patents served, in an abundance of caution, pursuant to 42 U.S.C. 262(l)(3)(A) (“3A list”). Ex. 

II. 

96. Amgen has directly infringed or will directly infringe at least one claim of the ’734 

patent by making, using, offering for sale, selling within and/or importing into the United States 

ABP 654, either literally or under the doctrine of equivalents, under 35 U.S.C. § 271(a).  

97. On information and belief, Amgen has an affirmative intent to actively induce or 

contribute to infringement by others of at least one claim of the ’734 patent, either literally or under 

the doctrine of equivalents, under 35 U.S.C. § 271(b)-(c).  

98. Through submitting its aBLA to FDA, Amgen has infringed or will infringe at least 

one claim of the ’734 patent, either literally or under the doctrine of equivalents, under 35 U.S.C. 

§ 271(e).  

REDACTED
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99. Amgen is aware, has knowledge, and/or is willfully blind to the fact that the 

commercial manufacture, use, sale, offer to sell, and/or importation of ABP 654 directly infringes 

at least one claim of the ’734 patent, either literally or under the doctrine of equivalents.  

100. Amgen will knowingly or with willful blindness induce or contribute to another’s 

direct infringement of at least one claim of the ’734 patent, either literally or under the doctrine of 

equivalents.  

101. Amgen has knowledge of and is aware of the ’734 patent, including due to both 

Janssen’s counsel’s November 11, 2022 email, see Ex. K, and the filing of Janssen’s original 

complaint, and on information and belief, has been aware of the ’734 patent for months, if not 

years, before then. Janssen provided notice of the ’734 patent to Amgen by marking Stelara® to 

associate it with U.S. Pat. No. 6,902,734. See 35 U.S.C. § 287(a); https://janssenpatents.com/

products-patents?key=stelara. 

102. Janssen seeks a declaratory judgment that future commercial manufacture, use, 

sale, offer for sale, and/or importation of ABP 654 will infringe the ’734 patent.  

COUNT III 
Infringement of the ’307 Patent Under 35 U.S.C. § 271(e)(2)(C) 

103. Janssen incorporates by reference the allegations set forth in paragraphs 1 through 

102 as though fully set forth herein.  

104. On , Amgen submitted an aBLA to FDA seeking approval for the 

commercial manufacture, use, offer for sale, sale, and/or importation of ABP 654, its biosimilar 

version of STELARA® (ustekinumab). Ex. EE, Amgen_ABP654_000000136 at 136-139; Ex. FF, 

Amgen_ABP654_000037798 at 37798-377800; Ex. J at 42. The reference products for 

ustekinumab are BLA Nos. 125261 and 761044. Janssen is the holder of BLA Nos. 125261 and 

761044.  

REDACTED
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105. To be marketed as biosimilar to STELARA® pursuant to 42 U.S.C. § 262(i)(2) & 

(k)(2)(A)(i), ABP 654 must be highly similar to STELARA® with only minor differences in 

clinically inactive components, and with no clinically meaningful difference between ABP 654 

and STELARA® in terms of safety, purity, and potency. Ustekinumab is the active ingredient in 

STELARA®. Accordingly, ABP 654 must contain either ustekinumab or a human monoclonal 

antibody identical or highly similar in amino acid sequence to ustekinumab, and also highly similar 

in other characteristics (e.g., post-translational modifications, carbohydrate profile, etc.).  

106. Moreover, pursuant to 42 U.S.C. § 262(k)(2)(A)(i), the active ingredient in 

ABP 654 and ustekinumab must utilize the same mechanism or mechanisms of action for the 

condition or conditions of use. Amgen has publicly stated that its Phase 3 study “evaluating the 

efficacy and safety of ABP 654 compared to STELARA® . . . demonstrat[ed] no clinically 

meaningful differences between ABP 654 and STELARA.” See Ex. B at 1. 

107. Furthermore, ABP 654 must be prescribed, recommended, or suggested for the 

condition or conditions previously approved for STELARA® with the same route of 

administration, dosage form, and strength as STELARA®. STELARA® is approved for treatment 

of, among other things, moderately to severely active UC, with recommended dosing comprising: 

(1) a single intravenous infusion using weight-based dosing of 260 mg for patients up to 55 kg, 

390 mg for patients greater than 55 kg to 85 kg, and 520 mg for patients greater than 85 kg, 

followed by (2) a subcutaneous 90 mg dose 8 weeks after the initial intravenous dose, and every 8 

weeks thereafter. Accordingly, on information and belief, ABP 654 will be prescribed, 

recommended, or suggested in its labeling for treatment of moderately to severely active UC, with 

recommended dosing the same as STELARA®. 
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108. Use of ABP 654 as directed on its label for the treatment of moderately to severely 

active UC meets each limitation of at least Claim 3 of the ’307 patent, which depends from Claim 1 

and recites:  

1. A method of treating moderately to severely active ulcerative colitis (UC) 
in a subject in need thereof, comprising administering to the subject a 
pharmaceutical composition comprising a clinically proven safe and 
clinically proven effective amount of an anti-IL-12/IL-23p40 antibody, 
wherein the antibody comprises a heavy chain variable region and a light 
chain variable region, the heavy chain variable region comprising: a 
complementarity determining region heavy chain 1 (CDRH1) amino acid 
sequence of SEQ ID NO:1; a CDRH2 amino acid sequence of SEQ ID 
NO:2; and a CDRH3 amino acid sequence of SEQ ID NO:3; and the light 
chain variable region comprising: a complementarity determining region 
light chain 1 (CDRL1) amino acid sequence of SEQ ID NO:4; a CDRL2 
amino acid sequence of SEQ ID NO:5; and a CDRL3 amino acid sequence 
of SEQ ID NO:6, wherein after treating with the antibody, the subject is a 
responder to treatment by at least one measure of response to treatment 
selected from the group consisting of: (i) clinical remission based on at least 
one of the global definition of clinical remission with Mayo score ≤2 points 
with no individual subscore >1 and the US definition of clinical remission 
with absolute stool number ≤3, rectal bleeding subscore of 0 and Mayo 
endoscopy subscore of 0 or 1, (ii) endoscopic healing with a Mayo 
endoscopy subscore of 0 or 1, (iii) clinical response based on the Mayo 
endoscopy subscore, (iv) improvements from baseline in Inflammatory 
Bowel Disease Questionnaire (IBDQ) score, (v) mucosal healing, (vi) 
decrease from baseline in Mayo score, and (vii) clinical response as 
determined by a decrease from baseline in the Mayo score by ≥30% and ≥3 
points and a decrease from baseline in the rectal bleeding subscore ≥1 points 
or a rectal bleeding subscore of 0 or 1. 

3. The method of claim 1, wherein the antibody comprises a heavy chain of 
the amino acid sequence of SEQ ID NO:10 and a light chain of the amino 
acid sequence of SEQ ID NO:11. 

109. As a biosimilar to STELARA®, the active ingredient in ABP 654 is an anti-IL-

12/IL-23p40 antibody.  

 

 

 

REDACTED
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110. As a biosimilar to STELARA®, ABP 654 will be prescribed, recommended, or 

suggested in its label for administration to subjects with moderately to severely active UC as a 

pharmaceutical composition comprising a clinically proven safe and clinically proven effective 

amount of a biosimilar to ustekinumab. Ex. LL, Amgen_ABP654_000038495 at 38495-38498, 

38523-38527. 

111. As a biosimilar to STELARA®, ABP 654 will be prescribed, recommended, or 

suggested in its label that UC patients receiving ABP 654 will be responders achieving the same 

or highly similar clinical responses as those for STELARA®. Id.

112. The STELARA® label indicates that UC patients receiving STELARA® include 

patients that achieved clinical remission defined as a Mayo stool frequency subscore of 0 or 1, 

Mayo rectal bleeding subscore of 0, and Mayo endoscopy subscore of 0 or 1 (modified so that 1 

does not include friability; endoscopic improvement defined as a Mayo endoscopy subscore of 0 

or 1 (modified so that 1 does not include friability); clinical response defined as a decrease from 

baseline in the modified Mayo score by >30% and > 2 points, with either a decrease from bassline 

in the rectal bleeding subscore >1 or a rectal bleeding subscore of 0 or 1; and/or mucosal 

improvement defined as a combined endoscopic improvement (Mayo endoscopy subscore of 0 or 

1) and histologic improvement of the colon tissue (neutrophil infiltration of <5% of crypts, no 

crypt destruction, and no erosions, ulcerations, or granulations of tissue). Accordingly, UC patients 

receiving STELARA® include responders that at least demonstrate “(i) clinical remission based on 

at least one of the global definition of clinical remission with Mayo score ≤2 points with no 

individual subscore >1 and the US definition of clinical remission with absolute stool number ≤3, 
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rectal bleeding subscore of 0 and Mayo endoscopy subscore of 0 or 1,” “(ii) endoscopic healing 

with a Mayo endoscopy subscore of 0 or 1, (iii) clinical response based on the Mayo endoscopy 

subscore,” “(v) mucosal healing,” or “(vi) decrease from baseline in Mayo score.”  

113. Amgen provided Janssen with a copy of Amgen’s aBLA for ABP 654 on 

December 5, 2022, including Amgen’s proposed label for ABP 654.  
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114. After the filing of the original complaint, Janssen included the ’307 patent on its 

3A list. 

115. Thus, Amgen’s submission of its aBLA to obtain approval to engage in the 

commercial manufacture, use, sale, offer to sell, and/or importation of ABP 654 prior to the 

expiration of the ’307 patent is an act of infringement of one or more of the claims of the 

’307 patent under 35 U.S.C. § 271(e)(2)(C), either literally or under the doctrine of equivalents.  

116. Amgen is aware, has knowledge, and/or is willfully blind to the fact that the 

prescription, recommendation, or suggestion of ABP 654 to subjects with moderately to severely 

active UC directly infringes at least one claim of the ’307 patent, either literally or under the 

doctrine of equivalents. Ex. K; Ex. JJ.  

117. Amgen will knowingly or with willful blindness induce or contribute to another’s 

direct infringement of at least one claim of the ’307 patent, either literally or under the doctrine of 

equivalents. Ex. K; Ex. JJ.  

118. Amgen has knowledge of and is aware of the ’307 patent, including due to both 

Janssen’s counsel’s November 11, 2022 email, see Ex. K, and the filing of Janssen’s original 

complaint, and on information and belief, has been aware of the ’307 patent for months, if not 

years, before then. Janssen provided notice of the ’307 patent to Amgen by marking Stelara® to 

associate it with U.S. Pat. No. 10,961,307. See 35 U.S.C. § 287(a); 

https://janssenpatents.com/products-patents?key=stelara. 

119. Janssen will suffer irreparable injury for which damages are an inadequate remedy 

unless Amgen is enjoined from infringing the claims of the ’307 patent.  

120. Janssen seeks an injunction preventing Amgen from the commercial manufacture, 

use, sale, offer for sale within and/or importation into the United States of ABP 654.  
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COUNT IV 
Declaratory Judgment of Infringement of the ’307 Patent 

121. Janssen incorporates by reference the allegations set forth in paragraphs 1 through 

120 as though fully set forth herein.  

122. This declaratory judgment action is authorized by, inter alia, the BPCIA due to 

Amgen’s provision of a notice of commercial marketing, and by the Declaratory Judgment Act. 

See 42 U.S.C. §§ 262(l)(8)(A-B), 262(l)(9)(A); 35 U.S.C. § 271(a)-(c) and (e); 28 U.S.C. §§ 2201, 

2202. A judicial determination of infringement is necessary and appropriate to resolve this 

controversy.  

123. On , Amgen submitted an aBLA to FDA seeking approval for the 

commercial manufacture, use, offer for sale, sale, and/or importation of ABP 654, its biosimilar 

version of STELARA® (ustekinumab). Ex. EE, Amgen_ABP654_000000136 at 136-139; Ex. FF, 

Amgen_ABP654_000037798 at 37798-377800; Ex. J at 42. The reference products for 

ustekinumab are BLA Nos. 125261 and 761044. Janssen is the holder of BLA Nos. 125261 and 

761044.  

124. On November 7, 2022, Amgen provided Janssen a notice of commercial marketing 

pursuant to 42 U.S.C. § 262(l)(8)(A). Ex. A.  

125. Amgen has made substantial preparations and intends to engage in the commercial 

manufacture, use, sale, offer for sale, and/or importation of ABP 654 as early as  

(or upon receiving FDA approval thereafter) prior to the expiration of the ’307 patent. Ex. A 

(Amgen “intends to be ready to commence commercial marketing upon receiving FDA approval”); 

Ex. P.
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. Amgen’s stated intention to launch its ABP 654 biosimilar product as early as early 

as  (or upon receiving FDA approval thereafter) prior to the expiration of the ’307 

patent presents a controversy of sufficient immediacy to support declaratory judgment of patent 

infringement under 35 U.S.C. § 271(b)-(c) and (e).  

126. Amgen’s submission of its aBLA, combined with its stated intention in its Notice 

of Commercial Marketing to begin commercial manufacture, use, sale, offers for sale, and/or 

importation of ABP 654 as early as  (or upon receiving FDA approval thereafter) 

prior to the expiration of the ’307 patent, creates an actual, immediate, and real controversy within 

the Declaratory Judgment Act that Amgen will infringe one or more of the claims of the ’307 

patent, literally or under the doctrine of equivalents.  

127. To be marketed as biosimilar to STELARA® pursuant to 42 U.S.C. § 262(i)(2) & 

(k)(2)(A)(i), ABP 654 must be highly similar to STELARA® with only minor differences in 

clinically inactive components, and with no clinically meaningful difference between ABP 654 

and STELARA® in terms of safety, purity, and potency. Ustekinumab is the active ingredient in 

STELARA®. Accordingly, ABP 654 must contain either ustekinumab or a human monoclonal 

antibody identical or highly similar in amino acid sequence to ustekinumab, and also highly similar 

in other characteristics (e.g., post-translational modifications, carbohydrate profile, etc.).  

128. Moreover, pursuant to 42 U.S.C. § 262(k)(2)(A)(i), the active ingredient in 

ABP 654 and ustekinumab must utilize the same mechanism or mechanisms of action for the 

condition or conditions of use. Amgen has publicly stated that its Phase 3 study “evaluating the 

efficacy and safety of ABP 654 compared to STELARA® . . . demonstrat[ed] no clinically 

meaningful differences between ABP 654 and STELARA.” See Ex. B at 1. 
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129. Furthermore, ABP 654 must be prescribed, recommended, or suggested for the 

condition or conditions previously approved for STELARA® with the same route of 

administration, dosage form, and strength as STELARA®. STELARA® is approved for treatment 

of, among other things, moderately to severely active UC, with recommended dosing comprising: 

(1) a single intravenous infusion using weight-based dosing of 260 mg for patients up to 55 kg, 

390 mg for patients greater than 55 kg to 85 kg, and 520 mg for patients greater than 85 kg, 

followed by (2) a subcutaneous 90 mg dose 8 weeks after the initial intravenous dose, and every 8 

weeks thereafter. Accordingly, on information and belief, ABP 654 will be prescribed, 

recommended, or suggested in its labeling for treatment of moderately to severely active UC, with 

recommended dosing the same as STELARA®.  

130.

meets each limitation of at least Claim 3 of the ’307 patent, which depends from Claim 

1 and recites:  

1. A method of treating moderately to severely active ulcerative colitis (UC) 
in a subject in need thereof, comprising administering to the subject a 
pharmaceutical composition comprising a clinically proven safe and 
clinically proven effective amount of an anti-IL-12/IL-23p40 antibody, 
wherein the antibody comprises a heavy chain variable region and a light 
chain variable region, the heavy chain variable region comprising: a 
complementarity determining region heavy chain 1 (CDRH1) amino acid 
sequence of SEQ ID NO:1; a CDRH2 amino acid sequence of SEQ ID 
NO:2; and a CDRH3 amino acid sequence of SEQ ID NO:3; and the light 
chain variable region comprising: a complementarity determining region 
light chain 1 (CDRL1) amino acid sequence of SEQ ID NO:4; a CDRL2 
amino acid sequence of SEQ ID NO:5; and a CDRL3 amino acid sequence 
of SEQ ID NO:6, wherein after treating with the antibody, the subject is a 
responder to treatment by at least one measure of response to treatment 
selected from the group consisting of: (i) clinical remission based on at least 
one of the global definition of clinical remission with Mayo score ≤2 points 
with no individual subscore >1 and the US definition of clinical remission 
with absolute stool number ≤3, rectal bleeding subscore of 0 and Mayo 
endoscopy subscore of 0 or 1, (ii) endoscopic healing with a Mayo 
endoscopy subscore of 0 or 1, (iii) clinical response based on the Mayo 
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endoscopy subscore, (iv) improvements from baseline in Inflammatory 
Bowel Disease Questionnaire (IBDQ) score, (v) mucosal healing, (vi) 
decrease from baseline in Mayo score, and (vii) clinical response as 
determined by a decrease from baseline in the Mayo score by ≥30% and ≥3 
points and a decrease from baseline in the rectal bleeding subscore ≥1 points 
or a rectal bleeding subscore of 0 or 1. 

3. The method of claim 1, wherein the antibody comprises a heavy chain of 
the amino acid sequence of SEQ ID NO:10 and a light chain of the amino 
acid sequence of SEQ ID NO:11. 

131. Amgen provided Janssen with a copy of Amgen’s aBLA for ABP 654 on 

December 5, 2022.  

 

 

 

 

 

 

132.  as a biosimilar to STELARA®, 

ABP 654 will be prescribed, recommended, or suggested in its label for administration to subjects 

with moderately to severely active UC as a pharmaceutical composition comprising a clinically 

proven safe and clinically proven effective amount of a biosimilar to ustekinumab. Ex. LL, 

Amgen_ABP654_000038495 at 38495-38498, 38523-38527. 

133.  as a biosimilar to STELARA®, 

ABP 654 will be prescribed, recommended, or suggested in its label that UC patients receiving 

ABP 654 will be responders achieving the same or highly similar clinical responses as those for 

STELARA®. Id.
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134. The STELARA® label indicates that UC patients receiving STELARA® include 

patients that achieved clinical remission defined as a Mayo stool frequency subscore of 0 or 1, 

Mayo rectal bleeding subscore of 0, and Mayo endoscopy subscore of 0 or 1 (modified so that 1 

does not include friability; endoscopic improvement defined as a Mayo endoscopy subscore of 0 

or 1 (modified so that 1 does not include friability); clinical response defined as a decrease from 

baseline in the modified Mayo score by >30% and > 2 points, with either a decrease from bassline 

in the rectal bleeding subscore >1 or a rectal bleeding subscore of 0 or 1; and/or mucosal 

improvement defined as a combined endoscopic improvement (Mayo endoscopy subscore of 0 or 

1) and histologic improvement of the colon tissue (neutrophil infiltration of <5% of crypts, no 

crypt destruction, and no erosions, ulcerations, or granulations of tissue). Accordingly, UC patients 

receiving STELARA® include responders that at least demonstrate “(i) clinical remission based on 

at least one of the global definition of clinical remission with Mayo score ≤2 points with no 

individual subscore >1 and the US definition of clinical remission with absolute stool number ≤3, 

rectal bleeding subscore of 0 and Mayo endoscopy subscore of 0 or 1,” “(ii) endoscopic healing 

with a Mayo endoscopy subscore of 0 or 1, (iii) clinical response based on the Mayo endoscopy 

subscore,” “(v) mucosal healing,” or “(vi) decrease from baseline in Mayo score.”  

135. Amgen provided Janssen with a copy of Amgen’s aBLA for ABP 654 on 

December 5, 2022, including Amgen’s proposed label for ABP 654.  

 

 

 

 

 

REDACTED

Case 1:22-cv-01549-MN   Document 46   Filed 03/07/23   Page 38 of 111 PageID #: 8844



CONTAINS PLAINTIFF’S & DEFENDANT’S CONFIDENTIAL INFORMATION 

39 

 

 

 

 

 

 

 

 

 

 

 

 

  

136. On information and belief, Amgen has an affirmative intent to actively induce or 

contribute to infringement by others of at least one claim of the ’307 patent, either literally or under 

the doctrine of equivalents, under 35 U.S.C. § 271(b)-(c). 

137. After the filing of the original complaint, Janssen included the ’307 patent on its 

3A list. 

138. Through submitting its aBLA to FDA, Amgen has infringed or will infringe at least 

one claim of the ’307 patent, either literally or under the doctrine of equivalents, under 

35 U.S.C. § 271(e).  

139. Amgen is aware, has knowledge, and/or is willfully blind to the fact that the 

prescription, recommendation, or suggestion of ABP 654 to subjects with moderately to severely 
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active UC directly infringes at least one claim of the ’307 patent, either literally or under the 

doctrine of equivalents. Ex. K; Ex. JJ.  

140. Amgen will knowingly or with willful blindness induce or contribute to another’s 

direct infringement of at least one claim of the ’307 patent, either literally or under the doctrine of 

equivalents. Ex. K; Ex. JJ.  

141. Amgen has knowledge of and is aware of the ’307 patent, including due to both 

Janssen’s counsel’s November 11, 2022 email, see Ex. K, and the filing of Janssen’s original 

complaint, and on information and belief, has been aware of the ’307 patent for months, if not 

years, before then. Janssen provided notice of the ’307 patent to Amgen by marking Stelara® to 

associate it with U.S. Pat. No. 10,961,307. See 35 U.S.C. § 287(a); Ex. KK, 

https://janssenpatents.com/products-patents?key=stelara. 

142. Janssen will suffer irreparable injury for which damages are an inadequate remedy 

unless Amgen is enjoined from infringing the claims of the ’307 patent.  

143. Janssen seeks a declaratory judgment that future commercial manufacture, use, 

sale, offer for sale, and/or importation of ABP 654 will infringe the ’307 patent.  

144. Janssen seeks an injunction preventing Amgen from the commercial manufacture, 

use, sale, offer for sale within and/or importation into the United States of ABP 654.  

COUNT V 
Infringement of the ’858 Patent Under 35 U.S.C. § 271(e)(2)(C) 

145. Janssen incorporates by reference the allegations set forth in paragraphs 1 through 

144 as though fully set forth herein.  

146. On , Amgen submitted an aBLA to FDA seeking approval for the 

commercial manufacture, use, offer for sale, sale, and/or importation of ABP 654, its biosimilar 

version of STELARA® (ustekinumab). Ex. EE, Amgen_ABP654_000000136 at 136-139; Ex. FF, 
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Amgen_ABP654_000037798 at 37798-377800; Ex. J at 42. The reference products for 

ustekinumab are BLA Nos. 125261 and 761044. Janssen is the holder of BLA Nos. 125261 and 

761044.  

147. To be marketed as biosimilar to STELARA® pursuant to 42 U.S.C. § 262(i)(2) & 

(k)(2)(A)(i), ABP 654 must be highly similar to STELARA® with only minor differences in 

clinically inactive components, and with no clinically meaningful difference between ABP 654 

and STELARA® in terms of safety, purity, and potency. Ustekinumab is the active ingredient in 

STELARA®. Accordingly, ABP 654 must contain either ustekinumab or a human monoclonal 

antibody identical or highly similar in amino acid sequence to ustekinumab, and also highly similar 

in other characteristics (e.g., post-translational modifications, carbohydrate profile, etc.).  

148. Based on confidential information in Amgen’s aBLA, Amgen makes ABP 654 

using a process that meets multiple claims of the ’858 patent. For example, Claim 14 (which 

depends from claim 1) recites: 

1. A method of manufacturing a preparation of a recombinant antibody, 
comprising: 

culturing a cell in a medium comprising 2 g/L lysine to 8 g/L lysine under 
conditions in which the cell expresses a recombinant antibody; 

isolating the recombinant antibody, thereby producing a preparation of 
the recombinant antibody; and 

formulating the preparation into a drug product if the preparation meets a 
target value of C-terminal variants of the recombinant antibody, 
wherein the C-terminal variants differ in amino acid sequence only by 
the presence or absence of a lysine at their carboxyl termini. 

14. The method of claim 1, wherein the cell is a CHO cell. 

149.  
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150.  

 

 

 

 

 

 

 

 

 

 

151.  

 

 

 

 

 

        

  

152.  

  

153. Amgen’s commercial manufacturing of ABP 654 is intended to produce a 

preparation of ustekinumab that is biosimilar to STELARA®. See Ex. A; Ex. R  
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Amgen_ABP654_000038766 at 38769 (“ABP 654 is a biosimilar to Stelara® (ustekinumab).”) 

Amgen is also conducting a Phase 3 clinical study to investigate interchangeability of ABP 654 

for STELARA®. See Ex. E; see also Ex. F at 40 (“A Phase 3 study to support an interchangeability 

designation in the U.S. is ongoing.”). Pursuant to 42 U.S.C. § 262(i)(2), (k)(2)(A)(i), & (k)(4), 

ABP 654 must be highly similar to STELARA® with only minor differences in clinically inactive 

components, and with no clinically meaningful difference between ABP 654 and STELARA® in 

terms of safety, purity, and potency, and if interchangeable, must be expected to produce the same 

clinical result as STELARA® in any given patient, and have no increased risk in terms of safety or 

diminished efficacy of alternating or switching between the use of ABP 654 and STELARA® 

compared to using STELARA® alone.  

154.  

 

 

  

 

 

 

 

  

155.  

 

 

REDACTED

REDACTED

Case 1:22-cv-01549-MN   Document 46   Filed 03/07/23   Page 43 of 111 PageID #: 8849



CONTAINS PLAINTIFF’S & DEFENDANT’S CONFIDENTIAL INFORMATION 

44 

 

 

 

  

156.  
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REDACTED

REDACTED

REDACTED

Case 1:22-cv-01549-MN   Document 46   Filed 03/07/23   Page 44 of 111 PageID #: 8850



CONTAINS PLAINTIFF’S & DEFENDANT’S CONFIDENTIAL INFORMATION 

45 

 

 

 

 

  

158.  

 

 

 

 

 

 

 

159.  

 

 

 

160. As another example, Claim 33 (which depends from claim 20) recites:  

20. A method of manufacturing a preparation of a recombinant antibody, 
comprising:  

culturing a cell in a medium comprising 2 g/L arginine to 8 g/L arginine 
under conditions in which the cell expresses a recombinant antibody; 

isolating the recombinant antibody, thereby producing a preparation of 
the recombinant antibody;  
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and formulating the preparation into a drug product if the preparation 
meets a target value of C-terminal variants of the recombinant 
antibody, wherein the C-terminal variants differ in amino acid 
sequence only by the presence or absence of a lysine at their carboxyl 
termini. 

33. The method of claim 20, wherein the cell is a CHO cell. 

161.  

 

 

  

162.  

 

 

 

 

 

 

 

 

 

 

163.  
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164.  

  

165. Amgen’s commercial manufacturing of ABP 654 is intended to produce a 

preparation of ustekinumab that is biosimilar to STELARA®. See Ex. A; Ex. R  

Amgen_ABP654_000038766 at 38769 (“ABP 654 is a biosimilar to Stelara® (ustekinumab).”) 

Amgen is also conducting a Phase 3 clinical study to investigate interchangeability of ABP 654 

for STELARA®. See Ex. E; see also Ex. F at 40 (“A Phase 3 study to support an interchangeability 

designation in the U.S. is ongoing.”). Pursuant to 42 U.S.C. § 262(i)(2), (k)(2)(A)(i), & (k)(4), 

ABP 654 must be highly similar to STELARA® with only minor differences in clinically inactive 

components, and with no clinically meaningful difference between ABP 654 and STELARA® in 

terms of safety, purity, and potency, and if interchangeable, must be expected to produce the same 

clinical result as STELARA® in any given patient, and have no increased risk in terms of safety or 

diminished efficacy of alternating or switching between the use of ABP 654 and STELARA® 

compared to using STELARA® alone.  

166.  
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171.  

 

 

  

172. Thus, on information and belief, Amgen’s submission of its aBLA to obtain 

approval to engage in the commercial manufacture, use, sale, offer to sell, and/or importation of 

ABP 654 prior to the expiration of the ’858 patent is an act of infringement of one or more of the 

claims of the ’858 patent under 35 U.S.C. § 271(e)(2)(C), either literally or under the doctrine of 

equivalents.  

173. Amgen is aware, has knowledge, and/or is willfully blind to the fact that the 

commercial manufacture, use, sale, offer to sell, and/or importation of ABP 654 directly infringes 

at least one claim of the ’858 patent, either literally or under the doctrine of equivalents. Ex. JJ.  

174. Amgen will knowingly or with willful blindness induce or contribute to another’s 

direct infringement of at least one claim of the ’858 patent, either literally or under the doctrine of 

equivalents. Ex. J.  

175. Amgen has knowledge of and is aware of the ’858 patent, including due to both 

Janssen’s counsel’s November 28, 2022 letter, see Ex. JJ, and the filing of this amended complaint, 

and on information and belief, has been aware of the ’858 patent for months, if not years, before 

then.  

176. Janssen will suffer irreparable injury for which damages are an inadequate remedy 

unless Amgen is enjoined from infringing the claims of the ’858 patent.  

177. Janssen seeks an injunction preventing Amgen from the commercial manufacture, 

use, sale, offer for sale within and/or importation into the United States of ABP 654.  
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COUNT VI 
Declaratory Judgment of Infringement of the ’858 Patent 

178. Janssen incorporates by reference the allegations set forth in paragraphs 1 through 

177 as though fully set forth herein.  

179. This declaratory judgment action is authorized by, inter alia, the BPCIA due to 

Amgen’s provision of a notice of commercial marketing, and by the Declaratory Judgment Act. 

See 42 U.S.C. §§ 262(l)(8)(A-B), 262(l)(9)(A); 35 U.S.C. § 271(a)-(c), (e), (g); 28 U.S.C. §§ 2201, 

2202. A judicial determination of infringement is necessary and appropriate to resolve this 

controversy.  

180. On , Amgen submitted an aBLA to FDA seeking approval for the 

commercial manufacture, use, offer for sale, sale, and/or importation of ABP 654, its biosimilar 

version of STELARA® (ustekinumab). Ex. EE, Amgen_ABP654_000000136 at 136-139; Ex. FF, 

Amgen_ABP654_000037798 at 37798-377800; Ex. J at 42. The reference products for 

ustekinumab are BLA Nos. 125261 and 761044. Janssen is the holder of BLA Nos. 125261 and 

761044.  

181. On November 7, 2022, Amgen provided Janssen a notice of commercial marketing 

pursuant to 42 U.S.C. § 262(l)(8)(A). Ex. A.  

182. Amgen has made substantial preparations and intends to engage in the commercial 

manufacture, use, sale, offer for sale, and/or importation of ABP 654 as early as  

(or upon receiving FDA approval thereafter) prior to the expiration of the ’858 patent. Ex. P; Ex. 

A (Amgen “intends to be ready to commence commercial marketing upon receiving FDA 

approval”). Amgen’s stated intention to launch its ABP 654 biosimilar product as early as 

 (or upon receiving FDA approval thereafter) prior to the expiration of the ’858 
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patent presents a controversy of sufficient immediacy to support declaratory judgment of patent 

infringement under 35 U.S.C. § 271(a)-(c), (e), and (g).  

183. Amgen’s submission of its aBLA, combined with its stated intention in its Notice 

of Commercial Marketing to begin commercial manufacture, use, sale, offers for sale, and/or 

importation of ABP 654 as early as  (or upon receiving FDA approval thereafter) 

prior to the expiration of the ’858 patent, creates an actual, immediate, and real controversy within 

the Declaratory Judgment Act that Amgen will infringe one or more of the claims of the ’858 

patent, literally or under the doctrine of equivalents.  

184. To be marketed as biosimilar to STELARA® pursuant to 42 U.S.C. § 262(i)(2) & 

(k)(2)(A)(i), ABP 654 must be highly similar to STELARA® with only minor differences in 

clinically inactive components, and with no clinically meaningful difference between ABP 654 

and STELARA® in terms of safety, purity, and potency. Ustekinumab is the active ingredient in 

STELARA®. Accordingly, ABP 654 must contain either ustekinumab or a human monoclonal 

antibody identical or highly similar in amino acid sequence to ustekinumab, and also highly similar 

in other characteristics (e.g., post-translational modifications, carbohydrate profile, etc.).  

185. Based on confidential information in Amgen’s aBLA Amgen makes ABP 654 

using a process that meets multiple claims of the ’858 patent. For example, Claim 14 (which 

depends from claim 1) recites: 

1. A method of manufacturing a preparation of a recombinant antibody, 
comprising: 

culturing a cell in a medium comprising 2 g/L lysine to 8 g/L lysine under 
conditions in which the cell expresses a recombinant antibody; 

isolating the recombinant antibody, thereby producing a preparation of 
the recombinant antibody; and 

formulating the preparation into a drug product if the preparation meets a 
target value of C-terminal variants of the recombinant antibody, 
wherein the C-terminal variants differ in amino acid sequence only by 
the presence or absence of a lysine at their carboxyl termini. 
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14. The method of claim 1, wherein the cell is a CHO cell. 
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189.  

  

190. Amgen’s commercial manufacturing of ABP 654 is intended to produce a 

preparation of ustekinumab that is biosimilar to STELARA®. See Ex. A; Ex. R 

Amgen_ABP654_000038766 at 38769 (“ABP 654 is a biosimilar to Stelara® (ustekinumab). 

Amgen is also conducting a Phase 3 clinical study to investigate interchangeability of ABP 654 

for STELARA®. See Ex. E; see also Ex. F at 40 (“A Phase 3 study to support an interchangeability 

designation in the U.S. is ongoing.”). Pursuant to 42 U.S.C. § 262(i)(2), (k)(2)(A)(i), & (k)(4), 

ABP 654 must be highly similar to STELARA® with only minor differences in clinically inactive 

components, and with no clinically meaningful difference between ABP 654 and STELARA® in 

terms of safety, purity, and potency, and if interchangeable, must be expected to produce the same 

clinical result as STELARA® in any given patient, and have no increased risk in terms of safety or 

diminished efficacy of alternating or switching between the use of ABP 654 and STELARA® 

compared to using STELARA® alone.  
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196.  

 

 

  

197. As another example, Claim 33 (which depends from claim 20) recites:  

20. A method of manufacturing a preparation of a recombinant antibody, 
comprising:  

culturing a cell in a medium comprising 2 g/L arginine to 8 g/L arginine 
under conditions in which the cell expresses a recombinant antibody; 

isolating the recombinant antibody, thereby producing a preparation of 
the recombinant antibody;  

and formulating the preparation into a drug product if the preparation 
meets a target value of C-terminal variants of the recombinant 
antibody, wherein the C-terminal variants differ in amino acid 
sequence only by the presence or absence of a lysine at their carboxyl 
termini. 

33. . . . wherein the cell is a CHO cell. 
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201.  

  

202. Amgen’s commercial manufacturing of ABP 654 is intended to produce a 

preparation of ustekinumab that is biosimilar to STELARA®. See Ex. A; Ex. R 

Amgen_ABP654_000038766 at 38769 (“ABP 654 is a biosimilar to Stelara® (ustekinumab).”) 

Amgen is also conducting a Phase 3 clinical study to investigate interchangeability of ABP 654 

for STELARA®. See Ex. E; see also Ex. F at 40 (“A Phase 3 study to support an interchangeability 

designation in the U.S. is ongoing.”). Pursuant to 42 U.S.C. § 262(i)(2), (k)(2)(A)(i), & (k)(4), 

ABP 654 must be highly similar to STELARA® with only minor differences in clinically inactive 

components, and with no clinically meaningful difference between ABP 654 and STELARA® in 

terms of safety, purity, and potency, and if interchangeable, must be expected to produce the same 
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clinical result as STELARA® in any given patient, and have no increased risk in terms of safety or 

diminished efficacy of alternating or switching between the use of ABP 654 and STELARA® 

compared to using STELARA® alone.  
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208.  

 

 

  

209. Thus, on information and belief, Amgen has directly infringed or will directly 

infringe at least one claim of the ’858 patent by using the patented method in the manufacture of 

ABP 654 in the United States, either literally or under the doctrine of equivalents, under 35 U.S.C. 

§ 271(a).  

210. On information and belief, Amgen has an affirmative intent to actively induce or 

contribute to infringement by others of at least one claim of the ’858 patent, either literally or under 

the doctrine of equivalents, under 35 U.S.C. § 271(b)-(c) and (g).  

211. Through submitting its aBLA to FDA, Amgen has infringed or will infringe at least 

one claim of the ’858 patent, either literally or under the doctrine of equivalents, under 35 U.S.C. 

§ 271(e).  

212. On information and belief, Amgen, without authority, has imported or will import 

into the United States or has offered to sell, sold, or used or will offer to sell, sell, or use within 
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the United States ABP 654 and/or the active ingredient in ABP 654, which are made by a process 

claimed in at least one claim of the ’858 patent, during the term of the ’858 patent, under 

35 U.S.C. § 271(g). On information and belief, ABP 654 and the active ingredient in ABP 654 are 

not materially changed by subsequent processes and are not a trivial and nonessential component 

of another product.  

213. Amgen is aware, has knowledge, and/or is willfully blind to the fact that the 

commercial manufacture, use, sale, offer to sell, and/or importation of ABP 654 directly infringes 

at least one claim of the ’858 patent, either literally or under the doctrine of equivalents. Ex. JJ.  

214. Amgen will knowingly or with willful blindness induce or contribute to another’s 

direct infringement of at least one claim of the ’858 patent, either literally or under the doctrine of 

equivalents. Ex. JJ.  

215. Amgen has knowledge of and is aware of the ’858 patent, including due to both 

Janssen’s counsel’s November 28, 2022 letter, see Ex. JJ, and the filing of this amended complaint, 

and on information and belief, has been aware of the ’858 patent for months, if not years, before 

then.  

216. Janssen will suffer irreparable injury for which damages are an inadequate remedy 

unless Amgen is enjoined from infringing the claims of the ’858 patent.  

217. Janssen seeks a declaratory judgment that future commercial manufacture, use, 

sale, offer for sale, and/or importation of ABP 654 will infringe the ’858 patent.  

218. Janssen seeks an injunction preventing Amgen from the commercial manufacture, 

use, sale, offer for sale within and/or importation into the United States of ABP 654.  
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COUNT VII 
Infringement of the ’889 Patent Under 35 U.S.C. § 271(e)(2)(C) 

219. Janssen incorporates by reference the allegations set forth in paragraphs 1 through 

218 as though fully set forth herein.  

220. On , Amgen submitted an aBLA to FDA seeking approval for the 

commercial manufacture, use, offer for sale, sale, and/or importation of ABP 654, its biosimilar 

version of STELARA® (ustekinumab). Ex. EE, Amgen_ABP654_000000136 at 136-139; Ex. FF, 

Amgen_ABP654_000037798 at 37798-377800; Ex. J at 42. The reference products for 

ustekinumab are BLA Nos. 125261 and 761044. Janssen is the holder of BLA Nos. 125261 and 

761044.  

221. To be marketed as biosimilar to STELARA® pursuant to 42 U.S.C. § 262(i)(2) & 

(k)(2)(A)(i), ABP 654 must be highly similar to STELARA® with only minor differences in 

clinically inactive components, and with no clinically meaningful difference between ABP 654 

and STELARA® in terms of safety, purity, and potency. Ustekinumab is the active ingredient in 

STELARA®. Accordingly, ABP 654 must contain either ustekinumab or a human monoclonal 

antibody identical or highly similar in amino acid sequence to ustekinumab, and also highly similar 

in other characteristics (e.g., post-translational modifications, carbohydrate profile, etc.).  

222. Based on confidential information in Amgen’s aBLA, Amgen makes ABP 654 

using a process that meets multiple claims of the ’889 patent. For example, Claim 6 (which depends 

from claim 1) recites:  

1. A method of producing a preparation of a recombinant antibody, 
comprising: 

culturing a cell in a medium under conditions in which the cell expresses 
a recombinant antibody, wherein the medium comprises 1.5 g/L lysine 
to less than 20 g/L lysine; and 

isolating the recombinant antibody, thereby producing a preparation of 
the recombinant antibody. 
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6. The method of claim 1, wherein the culturing produces C-terminal 
variants of the recombinant antibody that differ in amino acid sequence only 
by the presence or absence of a lysine at their carboxyl termini, and the 
method further comprises measuring a level of one or more C-terminal 
variants of the recombinant antibody in the preparation. 
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226.  

 

 

 

 

 

 

 

 

 

227. Amgen’s commercial manufacturing of ABP 654 is intended to produce a 

preparation of ustekinumab that is biosimilar to STELARA®. See Ex. A; Ex. R 

Amgen_ABP654_000038766 at 38769 (“ABP 654 is a biosimilar to Stelara® (ustekinumab).”) 

Amgen is also conducting a Phase 3 clinical study to investigate interchangeability of ABP 654 

for STELARA®. See Ex. E; see also Ex. F at 40 (“A Phase 3 study to support an interchangeability 

designation in the U.S. is ongoing.”). Pursuant to 42 U.S.C. § 262(i)(2), (k)(2)(A)(i), & (k)(4), 

ABP 654 must be highly similar to STELARA® with only minor differences in clinically inactive 

components, and with no clinically meaningful difference between ABP 654 and STELARA® in 

terms of safety, purity, and potency, and if interchangeable, must be expected to produce the same 

clinical result as STELARA® in any given patient, and have no increased risk in terms of safety or 
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diminished efficacy of alternating or switching between the use of ABP 654 and STELARA® 

compared to using STELARA® alone.  
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231. As another example, Claim 26 (which depends from claim 16) recites: 

16. A method of producing a preparation of a recombinant antibody, 
comprising:  

culturing a cell in a medium under conditions in which the cell expresses 
a recombinant antibody, wherein the medium comprises 1.5 g/L 
arginine to less than 20 g/L arginine, and wherein the culturing 
produces C-terminal variants of the recombinant antibody that differ 
in amino acid sequence only by the presence or absence of a lysine at 
their carboxyl termini;  

isolating the recombinant antibody, thereby producing a preparation of 
the recombinant antibody;  

and measuring a level of one or more C-terminal variants of the 
recombinant antibody in the preparation. 

26. . . . wherein the host cell is a CHO cell. 

232.  

 

 

  

233.  

 

 

 

REDACTED

REDACTED

REDACTED

Case 1:22-cv-01549-MN   Document 46   Filed 03/07/23   Page 67 of 111 PageID #: 8873



CONTAINS PLAINTIFF’S & DEFENDANT’S CONFIDENTIAL INFORMATION 

68 

 

 

 

 

 

 

 

234.  

 

 

 

 

 

 

 

 

 

235.  

 

 

 

 

 

REDACTED

REDACTED

REDACTED

Case 1:22-cv-01549-MN   Document 46   Filed 03/07/23   Page 68 of 111 PageID #: 8874



CONTAINS PLAINTIFF’S & DEFENDANT’S CONFIDENTIAL INFORMATION 

69 

        

  

236. Amgen’s commercial manufacturing of ABP 654 is intended to produce a 

preparation of ustekinumab that is biosimilar to STELARA®. See Ex. A; Ex. R 

Amgen_ABP654_000038766 at 38769 (“ABP 654 is a biosimilar to Stelara® (ustekinumab).”) 

Amgen is also conducting a Phase 3 clinical study to investigate interchangeability of ABP 654 

for STELARA®. See Ex. E; see also Ex. F at 40 (“A Phase 3 study to support an interchangeability 

designation in the U.S. is ongoing.”). Pursuant to 42 U.S.C. § 262(i)(2), (k)(2)(A)(i), & (k)(4), 

ABP 654 must be highly similar to STELARA® with only minor differences in clinically inactive 

components, and with no clinically meaningful difference between ABP 654 and STELARA® in 

terms of safety, purity, and potency, and if interchangeable, must be expected to produce the same 

clinical result as STELARA® in any given patient, and have no increased risk in terms of safety or 

diminished efficacy of alternating or switching between the use of ABP 654 and STELARA® 

compared to using STELARA® alone.  
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241. Thus, on information and belief, Amgen’s submission of its aBLA to obtain 

approval to engage in the commercial manufacture, use, sale, offer to sell, and/or importation of 

ABP 654 prior to the expiration of the ’889 patent is an act of infringement of one or more of the 

claims of the ’889 patent under 35 U.S.C. § 271(e)(2)(C), either literally or under the doctrine of 

equivalents.  

242. Amgen is aware, has knowledge, and/or is willfully blind to the fact that the 

commercial manufacture, use, sale, offer to sell, and/or importation of ABP 654 directly infringes 

at least one claim of the ’889 patent, either literally or under the doctrine of equivalents. Ex. JJ.  

243. Amgen will knowingly or with willful blindness induce or contribute to another’s 

direct infringement of at least one claim of the ’889 patent, either literally or under the doctrine of 

equivalents. Ex. JJ.  

244. Amgen has knowledge of and is aware of the ’889 patent, including due to both 

Janssen’s counsel’s November 28, 2022 letter, see Ex. JJ, and the filing of this amended complaint, 

and on information and belief, has been aware of the ’889 patent for months, if not years, before 

then.  

245. Janssen will suffer irreparable injury for which damages are an inadequate remedy 

unless Amgen is enjoined from infringing the claims of the ’889 patent.  

246. Janssen seeks an injunction preventing Amgen from the commercial manufacture, 

use, sale, offer for sale within and/or importation into the United States of ABP 654.  

COUNT VIII 
Declaratory Judgment of Infringement of the ’889 Patent 

247. Janssen incorporates by reference the allegations set forth in paragraphs 1 through 

246 as though fully set forth herein.  
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248. This declaratory judgment action is authorized by, inter alia, the BPCIA due to 

Amgen’s provision of a notice of commercial marketing, and by the Declaratory Judgment Act. 

See 42 U.S.C. §§ 262(l)(8)(A-B), 262(l)(9)(A); 35 U.S.C. § 271(a)-(c), (e), (g); 28 U.S.C. §§ 2201, 

2202. A judicial determination of infringement is necessary and appropriate to resolve this 

controversy.  

249. On , Amgen submitted an aBLA to FDA seeking approval for the 

commercial manufacture, use, offer for sale, sale, and/or importation of ABP 654, its biosimilar 

version of STELARA® (ustekinumab). Ex. EE, Amgen_ABP654_000000136 at 136-139; Ex. FF, 

Amgen_ABP654_000037798 at 37798-377800; Ex. J at 42. The reference products for 

ustekinumab are BLA Nos. 125261 and 761044. Janssen is the holder of BLA Nos. 125261 and 

761044.  

250. On November 7, 2022, Amgen provided Janssen a notice of commercial marketing 

pursuant to 42 U.S.C. § 262(l)(8)(A). Ex. A.  

251. Amgen has made substantial preparations and intends to engage in the commercial 

manufacture, use, sale, offer for sale, and/or importation of ABP 654 as early as  

(or upon receiving FDA approval thereafter) prior to the expiration of the ’889 patent. Ex. P; Ex. 

A (Amgen “intends to be ready to commence commercial marketing upon receiving FDA 

approval”). Amgen’s stated intention to launch its ABP 654 biosimilar product as early as 

 (or upon receiving FDA approval thereafter) prior to the expiration of the ’889 

patent presents a controversy of sufficient immediacy to support declaratory judgment of patent 

infringement under 35 U.S.C. § 271(a)-(c), (e), and (g).  

252. Amgen’s submission of its aBLA, combined with its stated intention in its Notice 

of Commercial Marketing to begin commercial manufacture, use, sale, offers for sale, and/or 
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importation of ABP 654 as early as  (or upon receiving FDA approval thereafter) 

prior to the expiration of the ’889 patent, creates an actual, immediate, and real controversy within 

the Declaratory Judgment Act that Amgen will infringe one or more of the claims of the ’889 

patent, literally or under the doctrine of equivalents.  

253. To be marketed as biosimilar to STELARA® pursuant to 42 U.S.C. § 262(i)(2) & 

(k)(2)(A)(i), ABP 654 must be highly similar to STELARA® with only minor differences in 

clinically inactive components, and with no clinically meaningful difference between ABP 654 

and STELARA® in terms of safety, purity, and potency. Ustekinumab is the active ingredient in 

STELARA®. Accordingly, ABP 654 must contain either ustekinumab or a human monoclonal 

antibody identical or highly similar in amino acid sequence to ustekinumab, and also highly similar 

in other characteristics (e.g., post-translational modifications, carbohydrate profile, etc.).  

254. Based on confidential information in Amgen’s aBLA, Amgen makes ABP 654 

using a process that meets multiple claims of the ’889 patent. For example, Claim 6 (which depends 

from claim 1) recites:  

1. A method of producing a preparation of a recombinant antibody, 
comprising: 

culturing a cell in a medium under conditions in which the cell expresses 
a recombinant antibody, wherein the medium comprises 1.5 g/L lysine 
to less than 20 g/L lysine; and 

isolating the recombinant antibody, thereby producing a preparation of 
the recombinant antibody. 

6. The method of claim 1, wherein the culturing produces C-terminal 
variants of the recombinant antibody that differ in amino acid sequence only 
by the presence or absence of a lysine at their carboxyl termini, and the 
method further comprises measuring a level of one or more C-terminal 
variants of the recombinant antibody in the preparation. 

255.  
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259. Amgen’s commercial manufacturing of ABP 654 is intended to produce a 

preparation of ustekinumab that is biosimilar to STELARA®. See Ex. A; Ex. R 

Amgen_ABP654_000038766 at 38769 (“ABP 654 is a biosimilar to Stelara® (ustekinumab).”) 

Amgen is also conducting a Phase 3 clinical study to investigate interchangeability of ABP 654 

for STELARA®. See Ex. E; see also Ex. F at 40 (“A Phase 3 study to support an interchangeability 

designation in the U.S. is ongoing.”). Pursuant to 42 U.S.C. § 262(i)(2), (k)(2)(A)(i), & (k)(4), 

ABP 654 must be highly similar to STELARA® with only minor differences in clinically inactive 

components, and with no clinically meaningful difference between ABP 654 and STELARA® in 

terms of safety, purity, and potency, and if interchangeable, must be expected to produce the same 

clinical result as STELARA® in any given patient, and have no increased risk in terms of safety or 

diminished efficacy of alternating or switching between the use of ABP 654 and STELARA® 

compared to using STELARA® alone.  
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263. As another example, Claim 26 (which depends from claim 16) recites: 

16. A method of producing a preparation of a recombinant antibody, 
comprising:  

culturing a cell in a medium under conditions in which the cell expresses 
a recombinant antibody, wherein the medium comprises 1.5 g/L 
arginine to less than 20 g/L arginine, and wherein the culturing 
produces C-terminal variants of the recombinant antibody that differ 
in amino acid sequence only by the presence or absence of a lysine at 
their carboxyl termini;  

isolating the recombinant antibody, thereby producing a preparation of 
the recombinant antibody;  

and measuring a level of one or more C-terminal variants of the 
recombinant antibody in the preparation. 

26. . . . wherein the host cell is a CHO cell. 
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266.  

 

 

 

 

 

 

 

 

 

267.  

 

 

 

 

 

        

  

268. Amgen’s commercial manufacturing of ABP 654 is intended to produce a 

preparation of ustekinumab that is biosimilar to STELARA®. See Ex. A; Ex. R 

Amgen_ABP654_000038766 at 38769 (“ABP 654 is a biosimilar to Stelara® (ustekinumab).”) 
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Amgen is also conducting a Phase 3 clinical study to investigate interchangeability of ABP 654 

for STELARA®. See Ex. E; see also Ex. F at 40 (“A Phase 3 study to support an interchangeability 

designation in the U.S. is ongoing.”). Pursuant to 42 U.S.C. § 262(i)(2), (k)(2)(A)(i), & (k)(4), 

ABP 654 must be highly similar to STELARA® with only minor differences in clinically inactive 

components, and with no clinically meaningful difference between ABP 654 and STELARA® in 

terms of safety, purity, and potency, and if interchangeable, must be expected to produce the same 

clinical result as STELARA® in any given patient, and have no increased risk in terms of safety or 

diminished efficacy of alternating or switching between the use of ABP 654 and STELARA® 

compared to using STELARA® alone.  

269.  

 

 

  

 

 

 

 

  

270.  
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271.  

 

 

 

 

 

 

 

 

 

 

272.  

 

 

  

273. Thus, on information and belief, Amgen has directly infringed or will directly 

infringe at least one claim of the ’889 patent by using the patented method in the manufacture of 

ABP 654 in the United States, either literally or under the doctrine of equivalents, under 35 U.S.C. 

§ 271(a).  
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274. On information and belief, Amgen has an affirmative intent to actively induce or 

contribute to infringement by others of at least one claim of the ’889 patent, either literally or under 

the doctrine of equivalents, under 35 U.S.C. § 271(b)-(c) and (g).  

275. Through submitting its aBLA to FDA, Amgen has infringed or will infringe at least 

one claim of the ’889 patent, either literally or under the doctrine of equivalents, under 35 U.S.C. 

§ 271(e).  

276. On information and belief, Amgen, without authority, has imported or will import 

into the United States or has offered to sell, sold, or used or will offer to sell, sell, or use within 

the United States ABP 654 and/or the active ingredient in ABP 654, which are made by a process 

claimed in at least one claim of the ’889 patent, during the term of the ’889 patent, under 

35 U.S.C. § 271(g). On information and belief, ABP 654 and the active ingredient in ABP 654 are 

not materially changed by subsequent processes and are not a trivial and nonessential component 

of another product.  

277. Amgen is aware, has knowledge, and/or is willfully blind to the fact that the 

commercial manufacture, use, sale, offer to sell, and/or importation of ABP 654 directly infringes 

at least one claim of the ’889 patent, either literally or under the doctrine of equivalents. Ex. K.  

278. Amgen will knowingly or with willful blindness induce or contribute to another’s 

direct infringement of at least one claim of the ’889 patent, either literally or under the doctrine of 

equivalents. Ex. K.  

279. Amgen has knowledge of and is aware of the ’889 patent, including due to both 

Janssen’s counsel’s November 28, 2022 letter, see Ex. JJ, and the filing of this amended complaint, 

and on information and belief, has been aware of the ’889 patent for months, if not years, before 

then.  
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280. Janssen will suffer irreparable injury for which damages are an inadequate remedy 

unless Amgen is enjoined from infringing the claims of the ’889 patent.  

281. Janssen seeks a declaratory judgment that future commercial manufacture, use, 

sale, offer for sale, and/or importation of ABP 654 will infringe the ’889 patent.  

282. Janssen seeks an injunction preventing Amgen from the commercial manufacture, 

use, sale, offer for sale within and/or importation into the United States of ABP 654.  

COUNT IX 
Infringement of the ’168 Patent Under 35 U.S.C. § 271(e)(2)(C) 

283. Janssen incorporates by reference the allegations set forth in paragraphs 1 through 

282 as though fully set forth herein.  

284. On , Amgen submitted an aBLA to FDA seeking approval for the 

commercial manufacture, use, offer for sale, sale, and/or importation of ABP 654, its biosimilar 

version of STELARA® (ustekinumab). Ex. EE, Amgen_ABP654_000000136 at 136-139; Ex. FF, 

Amgen_ABP654_000037798 at 37798-377800; Ex. J at 42. The reference products for 

ustekinumab are BLA Nos. 125261 and 761044. Janssen is the holder of BLA Nos. 125261 and 

761044.  

285. To be marketed as biosimilar to STELARA® pursuant to 42 U.S.C. § 262(i)(2) & 

(k)(2)(A)(i), ABP 654 must be highly similar to STELARA® with only minor differences in 

clinically inactive components, and with no clinically meaningful difference between ABP 654 

and STELARA® in terms of safety, purity, and potency. Ustekinumab is the active ingredient in 

STELARA®. Accordingly, ABP 654 must contain either ustekinumab or a human monoclonal 

antibody identical or highly similar in amino acid sequence to ustekinumab, and also highly similar 

in other characteristics (e.g., post-translational modifications, carbohydrate profile, etc.).  

REDACTED

Case 1:22-cv-01549-MN   Document 46   Filed 03/07/23   Page 82 of 111 PageID #: 8888



CONTAINS PLAINTIFF’S & DEFENDANT’S CONFIDENTIAL INFORMATION 

83 

286. Based on confidential information in Amgen’s aBLA, Amgen makes ABP 654 

using a process that meets multiple claims of the ’168 patent. For example, Claim 23 (which 

depends from claim 1, 10, 13, or 16) recites:  

1. A method of producing a recombinant protein preparation having a target 
value of one or more of galactosylated glycans, high mannose glycans, and 
sialylated glycans, the method comprising: 

(a) providing a cell genetically engineered to express a recombinant 
protein; 

(b) culturing the cell in a culture medium comprising 0.1 mg/L to 10 mg/L 
putrescine under conditions in which the cell expresses the 
recombinant protein; and 

(c) harvesting a preparation of the recombinant protein produced by the 
cell that meets the target value of the one or more of galactosylated 
glycans, high mannose glycans, and sialylated glycans, 
wherein the target value of galactosylated glycans, or sialylated 

glycans is a level at least 10% higher than a level of galactosylated 
glycans, or sialylated glycans in a preparation produced by 
culturing the cell in the medium not comprising 0.1 mg/L to 10 
mg/L putrescine; or 

wherein the target value of high mannose glycans is a level at least 
10% lower than a level of high mannose glycans in a preparation 
produced by culturing the cell in the medium not comprising 0.1 
mg/L to 10 mg/L putrescine. 

23. The method of any one of claim 1, 10, 13, or 16, wherein the cell is a 
Chinese Hamster Ovary (CHO) cell. 

287.  

        

 

 

  

288.  
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289.  

 

 

 

 

 

 

          

 

 

 

290.  

 

 

  

291.  
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293.  Amgen’s 

commercial manufacturing of ABP 654 is intended to produce a preparation of ustekinumab that 

is biosimilar to STELARA®. See Ex. A; Ex. R Amgen_ABP654_000038766 at 38769 (“ABP 654 

is a biosimilar to Stelara® (ustekinumab).”) Amgen is also conducting a Phase 3 clinical study to 

investigate interchangeability of ABP 654 for STELARA®. See Ex. E; see also Ex. F at 40 (“A 

Phase 3 study to support an interchangeability designation in the U.S. is ongoing.”). Pursuant to 

42 U.S.C. § 262(i)(2), (k)(2)(A)(i), & (k)(4), ABP 654 must be highly similar to STELARA® with 

only minor differences in clinically inactive components, and with no clinically meaningful 

difference between ABP 654 and STELARA® in terms of safety, purity, and potency, and if 

interchangeable, must be expected to produce the same clinical result as STELARA® in any given 

patient, and have no increased risk in terms of safety or diminished efficacy of alternating or 

switching between the use of ABP 654 and STELARA® compared to using STELARA® alone.  

294.  
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295.  

 

 

 

 

 

 

  

296.  
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298.  

 

 

 

 

 

  

299.  

 

 

 

 

  

300.  

 

 

301.  

 

 

  

302.  
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303. Thus, on information and belief, Amgen’s submission of its aBLA to obtain 

approval to engage in the commercial manufacture, use, sale, offer to sell, and/or importation of 

ABP 654 prior to the expiration of the ’168 patent is an act of infringement of one or more of the 

claims of the ’168 patent under 35 U.S.C. § 271(e)(2)(C), either literally or under the doctrine of 

equivalents.  

304. Amgen is aware, has knowledge, and/or is willfully blind to the fact that the 

commercial manufacture, use, sale, offer to sell, and/or importation of ABP 654 directly infringes 

at least one claim of the ’168 patent, either literally or under the doctrine of equivalents. Ex. K.  

305. Amgen will knowingly or with willful blindness induce or contribute to another’s 

direct infringement of at least one claim of the ’168 patent, either literally or under the doctrine of 

equivalents. Ex. K.  

306. Amgen has knowledge of and is aware of the ’168 patent, including due to both 

Janssen’s counsel’s November 28, 2022 letter, see Ex. JJ, and the filing of this amended complaint, 

and on information and belief, has been aware of the ’168 patent for months, if not years, before 

then.  

307. Janssen will suffer irreparable injury for which damages are an inadequate remedy 

unless Amgen is enjoined from infringing the claims of the ’168 patent.  

308. Janssen seeks an injunction preventing Amgen from the commercial manufacture, 

use, sale, offer for sale within and/or importation into the United States of ABP 654.  
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COUNT X 
Declaratory Judgment of Infringement of the ’168 Patent 

309. Janssen incorporates by reference the allegations set forth in paragraphs 1 through 

308 as though fully set forth herein.  

310. This declaratory judgment action is authorized by, inter alia, the BPCIA due to 

Amgen’s provision of a notice of commercial marketing, and by the Declaratory Judgment Act. 

See 42 U.S.C. §§ 262(l)(8)(A-B), 262(l)(9)(A); 35 U.S.C. § 271(a)-(c), (e), (g); 28 U.S.C. §§ 2201, 

2202. A judicial determination of infringement is necessary and appropriate to resolve this 

controversy.  

311. On , Amgen submitted an aBLA to FDA seeking approval for the 

commercial manufacture, use, offer for sale, sale, and/or importation of ABP 654, its biosimilar 

version of STELARA® (ustekinumab). Ex. EE, Amgen_ABP654_000000136 at 136-139; Ex. FF, 

Amgen_ABP654_000037798 at 37798-377800; Ex. J at 42. The reference products for 

ustekinumab are BLA Nos. 125261 and 761044. Janssen is the holder of BLA Nos. 125261 and 

761044.  

312. On November 7, 2022, Amgen provided Janssen a notice of commercial marketing 

pursuant to 42 U.S.C. § 262(l)(8)(A). Ex. A.  

313. Amgen has made substantial preparations and intends to engage in the commercial 

manufacture, use, sale, offer for sale, and/or importation of ABP 654 as early as  

(or upon receiving FDA approval thereafter) prior to the expiration of the ’168 patent. Ex. P; Ex. 

A (Amgen “intends to be ready to commence commercial marketing upon receiving FDA 

approval”); Amgen’s stated intention to launch its ABP 654 biosimilar product as early as 

 (or upon receiving FDA approval thereafter) prior to the expiration of the ’168 
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patent presents a controversy of sufficient immediacy to support declaratory judgment of patent 

infringement under 35 U.S.C. § 271(a)-(c), (e),  and (g).  

314. Amgen’s submission of its aBLA, combined with its stated intention in its Notice 

of Commercial Marketing to begin commercial manufacture, use, sale, offers for sale, and/or 

importation of ABP 654 as early as  (or upon receiving FDA approval thereafter) 

prior to the expiration of the ’168 patent, creates an actual, immediate, and real controversy within 

the Declaratory Judgment Act that Amgen will infringe one or more of the claims of the ’168 

patent, literally or under the doctrine of equivalents.  

315. To be marketed as biosimilar to STELARA® pursuant to 42 U.S.C. § 262(i)(2) & 

(k)(2)(A)(i), ABP 654 must be highly similar to STELARA® with only minor differences in 

clinically inactive components, and with no clinically meaningful difference between ABP 654 

and STELARA® in terms of safety, purity, and potency. Ustekinumab is the active ingredient in 

STELARA®. Accordingly, ABP 654 must contain either ustekinumab or a human monoclonal 

antibody identical or highly similar in amino acid sequence to ustekinumab, and also highly similar 

in other characteristics (e.g., post-translational modifications, carbohydrate profile, etc.).  

316. Based on confidential information in Amgen’s aBLA, Amgen makes ABP 654 

using a process that meets multiple claims of the ’168 patent. For example, Claim 23 (which 

depends from claim 1, 10, 13, or 16) recites:  

1. A method of producing a recombinant protein preparation having a target 
value of one or more of galactosylated glycans, high mannose glycans, and 
sialylated glycans, the method comprising: 

(a) providing a cell genetically engineered to express a recombinant 
protein; 

(b) culturing the cell in a culture medium comprising 0.1 mg/L to 10 mg/L 
putrescine under conditions in which the cell expresses the 
recombinant protein; and 
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(c) harvesting a preparation of the recombinant protein produced by the 
cell that meets the target value of the one or more of galactosylated 
glycans, high mannose glycans, and sialylated glycans, 
wherein the target value of galactosylated glycans, or sialylated 

glycans is a level at least 10% higher than a level of galactosylated 
glycans, or sialylated glycans in a preparation produced by 
culturing the cell in the medium not comprising 0.1 mg/L to 10 
mg/L putrescine; or 

wherein the target value of high mannose glycans is a level at least 
10% lower than a level of high mannose glycans in a preparation 
produced by culturing the cell in the medium not comprising 0.1 
mg/L to 10 mg/L putrescine. 

23. The method of any one of claim 1, 10, 13, or 16, wherein the cell is a 
Chinese Hamster Ovary (CHO) cell.

317.  
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319.  
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320.  

 

 

  

321.  

 

322.  

 

 

 

  

323. Amgen’s commercial manufacturing of ABP 654 is intended to produce a 

preparation of ustekinumab that is biosimilar to STELARA®. See Ex. A; Ex. R 

Amgen_ABP654_000038766 at 38769 (“ABP 654 is a biosimilar to Stelara® (ustekinumab).”) 

Amgen is also conducting a Phase 3 clinical study to investigate interchangeability of ABP 654 

for STELARA®. See Ex. E; see also Ex. F at 40 (“A Phase 3 study to support an interchangeability 

designation in the U.S. is ongoing.”). Pursuant to 42 U.S.C. § 262(i)(2), (k)(2)(A)(i), & (k)(4), 
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ABP 654 must be highly similar to STELARA® with only minor differences in clinically inactive 

components, and with no clinically meaningful difference between ABP 654 and STELARA® in 

terms of safety, purity, and potency, and if interchangeable, must be expected to produce the same 

clinical result as STELARA® in any given patient, and have no increased risk in terms of safety or 

diminished efficacy of alternating or switching between the use of ABP 654 and STELARA® 

compared to using STELARA® alone.  

324.  
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326.  
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329.  

 

 

 

 

  

330.  

 

 

  

331.  

 

 

  

332.  

 

 

  

333. Thus, on information and belief, Amgen has directly infringed or will directly 

infringe at least one claim of the ’168 patent by using the patented method in the manufacture 

ABP 654 in the United States, either literally or under the doctrine of equivalents, under 35 U.S.C. 

§ 271(a).  
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334. On information and belief, Amgen has an affirmative intent to actively induce or 

contribute to infringement by others of at least one claim of the ’168 patent, either literally or under 

the doctrine of equivalents, under 35 U.S.C. § 271(b)-(c) and (g).  

335. Through submitting its aBLA to FDA, Amgen has infringed or will infringe at least 

one claim of the ’168 patent, either literally or under the doctrine of equivalents, under 35 U.S.C. 

§ 271(e).  

336. On information and belief, Amgen, without authority, has imported or will import 

into the United States or has offered to sell, sold, or used or will offer to sell, sell, or use within 

the United States ABP 654 and/or the active ingredient in ABP 654, which are made by a process 

claimed in at least one claim of the ’168 patent, during the term of the ’168 patent, under 

35 U.S.C. § 271(g). On information and belief, ABP 654 and the active ingredient in ABP 654 are 

not materially changed by subsequent processes and are not a trivial and nonessential component 

of another product.  

337. Amgen is aware, has knowledge, and/or is willfully blind to the fact that the 

commercial manufacture, use, sale, offer to sell, and/or importation of ABP 654 directly infringes 

at least one claim of the ’168 patent, either literally or under the doctrine of equivalents. Ex. K.  

338. Amgen will knowingly or with willful blindness induce or contribute to another’s 

direct infringement of at least one claim of the ’168 patent, either literally or under the doctrine of 

equivalents. Ex. K.  

339. Amgen has knowledge of and is aware of the ’168 patent, including due to both 

Janssen’s counsel’s November 28, 2022 letter, see Ex. JJ, and the filing of this amended complaint, 

and on information and belief, has been aware of the ’168 patent for months, if not years, before 

then.  
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340. Janssen will suffer irreparable injury for which damages are an inadequate remedy 

unless Amgen is enjoined from infringing the claims of the ’168 patent.  

341. Janssen seeks a declaratory judgment that future commercial manufacture, use, 

sale, offer for sale, and/or importation of ABP 654 will infringe the ’168 patent.  

342. Janssen seeks an injunction preventing Amgen from the commercial manufacture, 

use, sale, offer for sale within and/or importation into the United States of ABP 654.  

COUNT XI 
Infringement of the ’810 Patent Under 35 U.S.C. § 271(e)(2)(C) 

343. Janssen incorporates by reference the allegations set forth in paragraphs 1 through 

342 as though fully set forth herein.  

344. On , Amgen submitted an aBLA to FDA seeking approval for the 

commercial manufacture, use, offer for sale, sale, and/or importation of ABP 654, its biosimilar 

version of STELARA® (ustekinumab). Ex. EE, Amgen_ABP654_000000136 at 136-139; Ex. FF, 

Amgen_ABP654_000037798 at 37798-377800; Ex. J at 42. The reference products for 

ustekinumab are BLA Nos. 125261 and 761044. Janssen is the holder of BLA Nos. 125261 and 

761044.  

345. To be marketed as biosimilar to STELARA® pursuant to 42 U.S.C. § 262(i)(2) & 

(k)(2)(A)(i), ABP 654 must be highly similar to STELARA® with only minor differences in 

clinically inactive components, and with no clinically meaningful difference between ABP 654 

and STELARA® in terms of safety, purity, and potency. Ustekinumab is the active ingredient in 

STELARA®. Accordingly, ABP 654 must contain either ustekinumab or a human monoclonal 

antibody identical or highly similar in amino acid sequence to ustekinumab, and also highly similar 

in other characteristics (e.g., post-translational modifications, carbohydrate profile, etc.).  
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346. Based on confidential information in Amgen’s aBLA, Amgen makes ABP 654 

using a process that meets multiple claims of the ’810 patent. For example, Claim 22 (which 

depends from claim 1, 10, or 14) recites:  

1. A method of producing a recombinant protein preparation having a target 
value of fucosylated glycans, the method comprising: 

(a) providing a cell genetically engineered to express a recombinant 
protein; 

(b) culturing the cell in a culture medium comprising 0.1 mg/L to 10 mg/L 
putrescine under conditions in which the cell expresses the 
recombinant protein; and 

(c) harvesting a preparation of the recombinant protein produced by the 
cell that meets the target value of the fucosylated glycans 

wherein the target value of fucosylated glycans is a level at least 10% 
higher than a level of fucosylated glycans in a preparation produced 
by culturing the cell in the medium not comprising 0.1 mg/L to 10 
mg/L putrescine. 

22. The method of any one of claims 1, 10, or 14, wherein the cell is a 
Chinese Hamster Ovary (CHO) cell.  

347.  
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350.  

 

 

  

351.  

 

352.  

 

 

 

  

353. Amgen’s commercial manufacturing of ABP 654 is intended to produce a 

preparation of ustekinumab that is biosimilar to STELARA®. See Ex. A; Ex. R 

Amgen_ABP654_000038766 at 38769 (“ABP 654 is a biosimilar to Stelara® (ustekinumab).”) 
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Amgen is also conducting a Phase 3 clinical study to investigate interchangeability of ABP 654 

for STELARA®. See Ex. E; see also Ex. F at 40 (“A Phase 3 study to support an interchangeability 

designation in the U.S. is ongoing.”). Pursuant to 42 U.S.C. § 262(i)(2), (k)(2)(A)(i), & (k)(4), 

ABP 654 must be highly similar to STELARA® with only minor differences in clinically inactive 

components, and with no clinically meaningful difference between ABP 654 and STELARA® in 

terms of safety, purity, and potency, and if interchangeable, must be expected to produce the same 

clinical result as STELARA® in any given patient, and have no increased risk in terms of safety or 

diminished efficacy of alternating or switching between the use of ABP 654 and STELARA® 

compared to using STELARA® alone.  
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356.  

 

 

 

 

 

 

           

 

357.  

 

  

358.  

 

 

  

359. Thus, on information and belief, Amgen’s submission of its aBLA to obtain 

approval to engage in the commercial manufacture, use, sale, offer to sell, and/or importation of 

ABP 654 prior to the expiration of the ’810 patent is an act of infringement of one or more of the 

REDACTED

REDACTED

REDACTED

REDACTED
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claims of the ’810 patent under 35 U.S.C. § 271(e)(2)(C), either literally or under the doctrine of 

equivalents.  

360. Amgen is aware, has knowledge, and/or is willfully blind to the fact that the 

commercial manufacture, use, sale, offer to sell, and/or importation of ABP 654 directly infringes 

at least one claim of the ’810 patent, either literally or under the doctrine of equivalents. Ex. K.  

361. Amgen will knowingly or with willful blindness induce or contribute to another’s 

direct infringement of at least one claim of the ’810 patent, either literally or under the doctrine of 

equivalents. Ex. K.  

362. Amgen has knowledge of and is aware of the ’810 patent, including due to both 

Janssen’s counsel’s November 28, 2022 letter, see Ex. JJ, and the filing of this amended complaint, 

and on information and belief, has been aware of the ’810 patent for months, if not years, before 

then.  

363. Janssen will suffer irreparable injury for which damages are an inadequate remedy 

unless Amgen is enjoined from infringing the claims of the ’810 patent.  

364. Janssen seeks an injunction preventing Amgen from the commercial manufacture, 

use, sale, offer for sale within and/or importation into the United States of ABP 654.  

COUNT XII 
Declaratory Judgment of Infringement of the ’810 Patent 

365. Janssen incorporates by reference the allegations set forth in paragraphs 1 through 

364 as though fully set forth herein.  

366. This declaratory judgment action is authorized by, inter alia, the BPCIA due to 

Amgen’s provision of a notice of commercial marketing, and by the Declaratory Judgment Act. 

See 42 U.S.C. §§ 262(l)(8)(A-B), 262(l)(9)(A); 35 U.S.C. § 271(a)-(c), (e), (g); 28 U.S.C. §§ 2201, 
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2202. A judicial determination of infringement is necessary and appropriate to resolve this 

controversy.  

367. On , Amgen submitted an aBLA to FDA seeking approval for the 

commercial manufacture, use, offer for sale, sale, and/or importation of ABP 654, its biosimilar 

version of STELARA® (ustekinumab). Ex. EE, Amgen_ABP654_000000136 at 136-139; Ex. FF, 

Amgen_ABP654_000037798 at 37798-377800; Ex. J at 42. The reference products for 

ustekinumab are BLA Nos. 125261 and 761044. Janssen is the holder of BLA Nos. 125261 and 

761044.  

368. On November 7, 2022, Amgen provided Janssen a notice of commercial marketing 

pursuant to 42 U.S.C. § 262(l)(8)(A). Ex. A.  

369. Amgen has made substantial preparations and intends to engage in the commercial 

manufacture, use, sale, offer for sale, and/or importation of ABP 654 as early as  

(or upon receiving FDA approval thereafter) prior to the expiration of the ’810 patent. Ex. P; Ex. 

A (Amgen “intends to be ready to commence commercial marketing upon receiving FDA 

approval”). Amgen’s stated intention to launch its ABP 654 biosimilar product as early as 

 (or upon receiving FDA approval thereafter) prior to the expiration of the ’810 

patent presents a controversy of sufficient immediacy to support declaratory judgment of patent 

infringement under 35 U.S.C. § 271(a)-(c), (e), and (g).  

370. Amgen’s submission of its aBLA, combined with its stated intention in its Notice 

of Commercial Marketing to begin commercial manufacture, use, sale, offers for sale, and/or 

importation of ABP 654 as early as  (or upon receiving FDA approval thereafter) 

prior to the expiration of the ’810 patent, creates an actual, immediate, and real controversy within 

REDACTED

REDACTED

REDACTED

REDACTED
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the Declaratory Judgment Act that Amgen will infringe one or more of the claims of the ’810 

patent, literally or under the doctrine of equivalents.  

371. To be marketed as biosimilar to STELARA® pursuant to 42 U.S.C. § 262(i)(2) & 

(k)(2)(A)(i), ABP 654 must be highly similar to STELARA® with only minor differences in 

clinically inactive components, and with no clinically meaningful difference between ABP 654 

and STELARA® in terms of safety, purity, and potency. Ustekinumab is the active ingredient in 

STELARA®. Accordingly, ABP 654 must contain either ustekinumab or a human monoclonal 

antibody identical or highly similar in amino acid sequence to ustekinumab, and also highly similar 

in other characteristics (e.g., post-translational modifications, carbohydrate profile, etc.).  

372. Based on the confidential information in Amgen’s aBLA, Amgen makes ABP 654 

using a process that meets multiple claims of the ’810 patent. For example, Claim 22 (which 

depends from claim 1, 10, or 14) recites:  

1. A method of producing a recombinant protein preparation having a target 
value of fucosylated glycans, the method comprising: 

(a) providing a cell genetically engineered to express a recombinant 
protein; 

(b) culturing the cell in a culture medium comprising 0.1 mg/L to 10 mg/L 
putrescine under conditions in which the cell expresses the 
recombinant protein; and 

(c) harvesting a preparation of the recombinant protein produced by the 
cell that meets the target value of the fucosylated glycans 

wherein the target value of fucosylated glycans is a level at least 10% 
higher than a level of fucosylated glycans in a preparation produced 
by culturing the cell in the medium not comprising 0.1 mg/L to 10 
mg/L putrescine. 

22. The method of any one of claims 1, 10, or 14, wherein the cell is a 
Chinese Hamster Ovary (CHO) cell.  

373.  

        

 

REDACTED
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374.  

 

 

 

  

375.  

 

 

 

 

 

 

          

 

 

 

376.  

 

 

  

REDACTED

REDACTED

REDACTED

REDACTED
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377.  

 

378.  

 

 

 

  

379. Amgen’s commercial manufacturing of ABP 654 is intended to produce a 

preparation of ustekinumab that is biosimilar to STELARA®. See Ex. A; Ex. R 

Amgen_ABP654_000038766 at 38769 (“ABP 654 is a biosimilar to Stelara® (ustekinumab).”) 

Amgen is also conducting a Phase 3 clinical study to investigate interchangeability of ABP 654 

for STELARA®. See Ex. E; see also Ex. F at 40 (“A Phase 3 study to support an interchangeability 

designation in the U.S. is ongoing.”). Pursuant to 42 U.S.C. § 262(i)(2), (k)(2)(A)(i), & (k)(4), 

ABP 654 must be highly similar to STELARA® with only minor differences in clinically inactive 

components, and with no clinically meaningful difference between ABP 654 and STELARA® in 

terms of safety, purity, and potency, and if interchangeable, must be expected to produce the same 

clinical result as STELARA® in any given patient, and have no increased risk in terms of safety or 

diminished efficacy of alternating or switching between the use of ABP 654 and STELARA® 

compared to using STELARA® alone.  

380.  

 

 

  

REDACTED

REDACTED

REDACTED
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381.  

 

 

 

 

 

 

  

382.  
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383.  

 

 

 

 

  

384. Thus, on information and belief, Amgen has directly infringed or will directly 

infringe at least one claim of the ’810 patent by using the patented method in the manufacture 

ABP 654 in the United States, either literally or under the doctrine of equivalents, under 

35 U.S.C. § 271(a).  

385. On information and belief, Amgen has an affirmative intent to actively induce or 

contribute to infringement by others of at least one claim of the ’810 patent, either literally or under 

the doctrine of equivalents, under 35 U.S.C. § 271(b)-(c) and (g).  

386. Through submitting its aBLA to FDA, Amgen has infringed or will infringe at least 

one claim of the ’810 patent, either literally or under the doctrine of equivalents, under 35 U.S.C. 

§ 271(e).  

387. On information and belief, Amgen, without authority, has imported or will import 

into the United States or has offered to sell, sold, or used or will offer to sell, sell, or use within 

the United States ABP 654 and/or the active ingredient in ABP 654, which are made by a process 

claimed in at least one claim of the ’810 patent, during the term of the ’810 patent, under 

35 U.S.C. § 271(g). On information and belief, ABP 654 and the active ingredient in ABP 654 are 

not materially changed by subsequent processes and are not a trivial and nonessential component 

of another product.  

REDACTED
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388. Amgen is aware, has knowledge, and/or is willfully blind to the fact that the 

commercial manufacture, use, sale, offer to sell, and/or importation of ABP 654 directly infringes 

at least one claim of the ’810 patent, either literally or under the doctrine of equivalents. Ex. K.  

389. Amgen will knowingly or with willful blindness induce or contribute to another’s 

direct infringement of at least one claim of the ’810 patent, either literally or under the doctrine of 

equivalents. Ex. K.  

390. Amgen has knowledge of and is aware of the ’810 patent, including due to both 

Janssen’s counsel’s November 28, 2022 letter, see Ex. K, and the filing of this amended complaint, 

and on information and belief, has been aware of the ’810 patent for months, if not years, before 

then.  

391. Janssen will suffer irreparable injury for which damages are an inadequate remedy 

unless Amgen is enjoined from infringing the claims of the ’810 patent.  

392. Janssen seeks a declaratory judgment that future commercial manufacture, use, 

sale, offer for sale, and/or importation of ABP 654 will infringe the ’810 patent.  

393. Janssen seeks an injunction preventing Amgen from the commercial manufacture, 

use, sale, offer for sale within and/or importation into the United States of ABP 654.  

PRAYER FOR RELIEF 

WHEREFORE, Janssen respectfully requests that this Court enter judgment in its favor 

against Amgen and grant the following relief:  

A. a judgment and declaration that Amgen has or will infringe or has or will induce or 

contribute to infringement of one or more claims of the Asserted Patents by engaging in the 

manufacture, import, offer for sale, sale, or use within the United States of the Amgen aBLA 

Product before the expirations of the ’734, ’307, ’858, ’889, ’168, and/or ’810 patents; 
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B. preliminary and permanent equitable relief, including but not limited to a 

preliminary and permanent injunction that enjoins Amgen, its officers, partners, agents, servants, 

employees, parents, subsidiaries, affiliate corporations, other related business entities, and all other 

persons acting in concert, participation, or in privity with them and/or their successors or assigns 

from infringing the ’734, ’307, ’858, ’889, ’168, and/or ’810 patents, or inducing or contributing 

to anyone to do the same, by acts including the manufacture, use, offer to sell, sale, or distribution 

within the United States, or importation into the United States, of any current or future versions of 

the Amgen aBLA Product, the use or manufacturing of which infringes the ’734, ’307, ’858, ’889, 

’168, and/or ’810 patents; 

C. a declaration that this is an exceptional case and an award to Plaintiff of its 

attorneys’ fees, costs, and expenses pursuant to 35 U.S.C. § 271(e)(4) and 35 U.S.C. § 285; 

D. any available damages pursuant to 35 U.S.C. § 284; and 

E. such other relief as this Court may deem just and proper. 
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MCCARTER & ENGLISH, LLP

/s/ Daniel M. Silver 
OF COUNSEL: 

Michael A. Morin 
David P. Frazier 
Inge A. Osman 
Cecilia Sanabria 
LATHAM & WATKINS LLP 
555 Eleventh Street, NW, Suite 1000 
Washington, DC 20004 
(202) 637-2200 

Michael Seringhaus 
LATHAM & WATKINS LLP 
140 Scott Drive 
Menlo Park, CA 94025 
(650) 328-4600 

Gabrielle LaHatte 
LATHAM & WATKINS LLP 
505 Montgomery Street, Suite 2000 
San Francisco, CA 94111 
(415) 491-0600 

Dated: February 21, 2023 

Daniel M. Silver (#4758) 
Alexandra M. Joyce (#6423) 
Renaissance Centre 
405 N. King St. 
Wilmington, DE 19801 
(302) 984-6300 
dsilver@mccarter.com 
ajoyce@mccarter.com 

Attorneys for Plaintiff  
Janssen Biotech, Inc.
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Proskauer Rose LLP   2029 Century Park East, Suite 2400   Los Angeles, CA 90067-3010 
 

 

 
 
 
 

Beijing | Boca Raton | Boston | Chicago | Hong Kong | London | Los Angeles | New Orleans | New York | Paris | São Paulo | Washington, DC 

 

November 7, 2022 
 
By Overnight Courier and Email 

Elizabeth Forminard, Esq. 
General Counsel 
Office of the General Counsel 
1 Johnson and Johnson Plz. 
New Brunswick, New Jersey  08933-0001 
(Email: eformina@its.jnj.com) 

Janssen Biotech, Inc. 
Centocor Ortho Biotech Inc. c/o Janssen Biotech, Inc. 
Welsh & McKean Roads; P.O. Box 776 
Spring House, PA  19477 

Re: Notice of Commercial Marketing for Amgen’s ABP 654 Drug Products 

Dear Ms. Forminard, Janssen Biotech, Inc. (“Janssen”), and Centocor Ortho Biotech Inc. 
(“Centocor”): 

We represent Amgen Inc. (“Amgen”). 

Pursuant to 42 U.S.C. § 262(l)(8)(A), Amgen hereby provides this notice of commercial 
marketing not later than 180 days before the date of the first commercial marketing of Amgen’s 
ABP 654 drug products that are biosimilar candidates to the drug products covered by Biologics 
License Application Nos. 125261 and 761044 (“Stelara® drug products”).  Amgen intends to 
commercially market its ABP 654 drug products with a full label that includes all the FDA-
approved indications for the Stelara® drug products.  Amgen will decide on a specific date to 
commence U.S. commercial marketing of its ABP 654 drug products and intends to be ready to 
commence commercial marketing upon receiving FDA approval. 

We appreciate that Janssen and Centocor might be represented by outside counsel in connection 
with this matter.  If so, please provide us with their contact information and we will be happy to 
direct any future communications to their attention. 

Sincerely, 
 
/s/ Siegmund Y. Gutman 
 
Siegmund Y. Gutman 

 

Siegmund Y. Gutman 
Member of the Firm 

d +1.310.284.4533 
f 310.557.2193 
sgutman@proskauer.com 
www.proskauer.com 
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AMGEN ANNOUNCES POSITIVE TOP-
LINE RESULTS FROM PHASE 3 STUDY
OF ABP 654, BIOSIMILAR CANDIDATE
TO STELARA® (USTEKINUMAB)

NEWS PROVIDED BY
Amgen 
Apr 18, 2022, 16:00 ET



Primary Ef�cacy Analysis Demonstrates no Clinically Meaningful Differences Compared to

STELARA

THOUSAND OAKS, Calif., April 18, 2022 /PRNewswire/ -- Amgen (NASDAQ:AMGN) today

announced preliminary results from a Phase 3 study evaluating the ef�cacy and safety of ABP

654 compared to STELARA  (ustekinumab) in adult patients with moderate to severe plaque

psoriasis. The study met the primary ef�cacy endpoint, demonstrating no clinically meaningful

differences between ABP 654 and STELARA.

The primary analysis evaluated the percentage improvement from baseline to week 12 of
psoriasis area severity index (PASI), which showed a mean difference of percentage

improvement between ABP 654 and STELARA of 0.14, which was within the prespeci�ed

margins. The safety pro�le of ABP 654 was comparable to STELARA.

®
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"Amgen remains committed to providing patients who live with in�ammatory diseases access

to high-quality biosimilar medicines," said David M. Reese, M.D., executive vice president of

Research and Development at Amgen. "We look forward to continuing to expand our
in�ammation portfolio to offer patients a variety of treatment options."

ABP 654 is being developed as a biosimilar candidate to STELARA, an approved human

interleukin-12 and interleukin-23 antagonist indicated for the treatment of moderate to severe

plaque psoriasis in adults and pediatric patients (6 years or older) who are candidates for

phototherapy or systemic therapy, active psoriatic arthritis in adults, as well as for adult patients
with moderately to severely active Crohn's disease and moderately to severely active ulcerative

colitis.

Amgen has a total of 11 biosimilars in its portfolio, including �ve that have been approved by

the U.S. Food and Drug Administration (FDA) and three that are approved in the EU.

About Psoriasis 
Psoriasis is a serious, chronic in�ammatory disease that causes raised, red, scaly patches to

appear on the skin, typically affecting the outside of the elbows, knees, or scalp, though it can

appear on any location.  Approximately 125 million people worldwide have psoriasis, including

around 14 million people in Europe and more than 7.5 million people in the United States.

About 80% of those patients have plaque psoriasis.

About the ABP 654 Comparative Clinical Study (20190232) 

The Phase 3 study was a multicenter, randomized, double-blinded, comparative clinical study

(study number 04607980) that evaluated the ef�cacy and safety of ABP 654 compared to

STELARA  (ustekinumab) in adult patients with moderate to severe plaque psoriasis. There

were 563 patients randomized, with 281 patients in the ABP 654 group and 282 patients in the
ustekinumab group.

About ABP 654 

ABP 654 is being developed as a biosimilar candidate to STELARA (ustekinumab), an

approved human interleukin-12 and interleukin-23 antagonist indicated for the treatment of

moderate to severe plaque psoriasis in adults and pediatric patients (6 years or older) who are
candidates for phototherapy or systemic therapy, active psoriatic arthritis in adults, as well as

1

2,3

4

®

® 
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for adult patients with moderately to severely active Crohn's disease and moderately to severely

active ulcerative colitis. ABP 654 has the same pharmaceutical form, dosage strength, route of

administration and dosing regimen as United States-licensed and European Union (EU)-
approved ustekinumab.

About Amgen Biosimilars 

Amgen is committed to building upon Amgen's experience in the development and

manufacturing of innovative human therapeutics to expand Amgen's reach to patients with

serious illnesses. Biosimilars help to maintain Amgen's commitment to connect patients with
vital medicines, and Amgen is well positioned to leverage its over four decades of experience in

biotechnology to create high-quality biosimilars and reliably supply them to patients

worldwide.

For more information, visit www.amgenbiosimilars.com.

About Amgen  
Amgen is committed to unlocking the potential of biology for patients suffering from serious

illnesses by discovering, developing, manufacturing and delivering innovative human

therapeutics. This approach begins by using tools like advanced human genetics to unravel the

complexities of disease and understand the fundamentals of human biology.  

Amgen focuses on areas of high unmet medical need and leverages its expertise to strive for
solutions that improve health outcomes and dramatically improve people's lives. A

biotechnology pioneer since 1980, Amgen has grown to be one of the

world's leading independent biotechnology companies, has reached millions of patients

around the world and is developing a pipeline of medicines with breakaway potential.  

Amgen is one of the 30 companies that comprise the Dow Jones Industrial Average and is also
part of the Nasdaq-100 index.  In 2021, Amgen was named one of the 25 World's Best

Workplaces™ by Fortune and Great Place to Work™ and one of the 100 most sustainable

companies in the world by Barron's.

For more information, visit www.amgen.com and follow us on www.twitter.com/amgen.  
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Amgen Forward-Looking Statements 

This news release contains forward-looking statements that are based on the current

expectations and beliefs of Amgen. All statements, other than statements of historical fact, are
statements that could be deemed forward-looking statements, including any statements on

the outcome, bene�ts and synergies of collaborations, or potential collaborations, with any

other company (including BeiGene, Ltd., Kyowa-Kirin Co., Ltd., or any collaboration to

manufacture therapeutic antibodies against COVID-19), the performance of Otezla

(apremilast) (including anticipated Otezla sales growth and the timing of non-GAAP EPS
accretion), the Five Prime Therapeutics, Inc. acquisition, or the Teneobio, Inc. acquisition, as well

as estimates of revenues, operating margins, capital expenditures, cash, other �nancial metrics,

expected legal, arbitration, political, regulatory or clinical results or practices, customer and

prescriber patterns or practices, reimbursement activities and outcomes, effects of pandemics

or other widespread health problems such as the ongoing COVID-19 pandemic on our
business, and other such estimates and results. Forward-looking statements involve signi�cant

risks and uncertainties, including those discussed below and more fully described in the

Securities and Exchange Commission reports �led by Amgen, including our most recent

annual report on Form 10-K and any subsequent periodic reports on Form 10-Q and current

reports on Form 8-K. Unless otherwise noted, Amgen is providing this information as of the
date of this news release and does not undertake any obligation to update any forward-looking

statements contained in this document as a result of new information, future events or

otherwise. 

No forward-looking statement can be guaranteed and actual results may differ materially from

those we project. Discovery or identi�cation of new product candidates or development of new
indications for existing products cannot be guaranteed and movement from concept to

product is uncertain; consequently, there can be no guarantee that any particular product

candidate or development of a new indication for an existing product will be successful and

become a commercial product. Further, preclinical results do not guarantee safe and effective

performance of product candidates in humans. The complexity of the human body cannot be
perfectly, or sometimes, even adequately modeled by computer or cell culture systems or

animal models. The length of time that it takes for us to complete clinical trials and obtain

regulatory approval for product marketing has in the past varied and we expect similar

variability in the future. Even when clinical trials are successful, regulatory authorities may

question the suf�ciency for approval of the trial endpoints we have selected. We develop
product candidates internally and through licensing collaborations, partnerships and joint

®
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ventures. Product candidates that are derived from relationships may be subject to disputes

between the parties or may prove to be not as effective or as safe as we may have believed at

the time of entering into such relationship. Also, we or others could identify safety, side effects
or manufacturing problems with our products, including our devices, after they are on the

market. 

Our results may be affected by our ability to successfully market both new and existing

products domestically and internationally, clinical and regulatory developments involving

current and future products, sales growth of recently launched products, competition from
other products including biosimilars, dif�culties or delays in manufacturing our products and

global economic conditions. In addition, sales of our products are affected by pricing pressure,

political and public scrutiny and reimbursement policies imposed by third-party payers,

including governments, private insurance plans and managed care providers and may be

affected by regulatory, clinical and guideline developments and domestic and international
trends toward managed care and healthcare cost containment. Furthermore, our research,

testing, pricing, marketing and other operations are subject to extensive regulation by

domestic and foreign government regulatory authorities. Our business may be impacted by

government investigations, litigation and product liability claims. In addition, our business may

be impacted by the adoption of new tax legislation or exposure to additional tax liabilities. If
we fail to meet the compliance obligations in the corporate integrity agreement between us

and the U.S. government, we could become subject to signi�cant sanctions. Further, while we

routinely obtain patents for our products and technology, the protection offered by our patents

and patent applications may be challenged, invalidated or circumvented by our competitors, or

we may fail to prevail in present and future intellectual property litigation. We perform a
substantial amount of our commercial manufacturing activities at a few key facilities, including

in Puerto Rico, and also depend on third parties for a portion of our manufacturing activities,

and limits on supply may constrain sales of certain of our current products and product

candidate development. An outbreak of disease or similar public health threat, such as COVID-

19, and the public and governmental effort to mitigate against the spread of such disease,
could have a signi�cant adverse effect on the supply of materials for our manufacturing

activities, the distribution of our products, the commercialization of our product candidates,

and our clinical trial operations, and any such events may have a material adverse effect on our

product development, product sales, business and results of operations. We rely on

collaborations with third parties for the development of some of our product candidates and
for the commercialization and sales of some of our commercial products. In addition, we 

Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 8 of 557 PageID #: 8925



compete with other companies with respect to many of our marketed products as well as for

the discovery and development of new products. Further, some raw materials, medical devices

and component parts for our products are supplied by sole third-party suppliers. Certain of our
distributors, customers and payers have substantial purchasing leverage in their dealings with

us. The discovery of signi�cant problems with a product similar to one of our products that

implicate an entire class of products could have a material adverse effect on sales of the

affected products and on our business and results of operations. Our efforts to collaborate with

or acquire other companies, products or technology, and to integrate the operations of
companies or to support the products or technology we have acquired, may not be successful.

A breakdown, cyberattack or information security breach could compromise the

con�dentiality, integrity and availability of our systems and our data. Our stock price is volatile

and may be affected by a number of events. Our business and operations may be negatively

affected by the failure, or perceived failure, of achieving our environmental, social and
governance objectives. The effects of global climate change and related natural disasters could

negatively affect our business and operations. Global economic conditions may magnify certain

risks that affect our business. Our business performance could affect or limit the ability of our

Board of Directors to declare a dividend or our ability to pay a dividend or repurchase our

common stock. We may not be able to access the capital and credit markets on terms that are
favorable to us, or at all. 

The scienti�c information discussed in this news release related to our product candidates is

preliminary and investigative. Such product candidates are not approved by the U.S. Food and

Drug Administration, and no conclusions can or should be drawn regarding the safety or

effectiveness of the product candidates. Further, any scienti�c information discussed in this
news release relating to new indications for our products is preliminary and investigative and is

not part of the labeling approved by the U.S. Food and Drug Administration for the products.

The products are not approved for the investigational use(s) discussed in this news release, and

no conclusions can or should be drawn regarding the safety or effectiveness of the products for

these uses. 

CONTACT: Amgen, Thousand Oaks  

Kelley Davenport, 202-585-9637 (media) 

Michael Strapazon, 805-313-5553 (media) 
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Jessica Akopyan, 805-447-0974 (media)   

Arvind Sood, 805-447-1060 (investors) 

1. National Psoriasis Foundation. About Psoriasis. Available at:
https://www.psoriasis.org/about-psoriasis. Accessed September 22, 2020.

2. National Psoriasis Foundation. Statistics. Available at:

https://www.psoriasis.org/content/statistics. Accessed September 22, 2020.

3. Ortonne JP, Prinz JC. Alefacept: a novel and selective biologic agent for the treatment of

chronic plaque psoriasis. Eur J Dermatol. 2004;14(1):41–45.
4. National Psoriasis Foundation. Plaque Psoriasis. Available at:

https://www.psoriasis.org/about-psoriasis/types/plaque. Accessed September 22, 2020.

SOURCE Amgen
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 Save this study

The safety and scientific validity of
this study is the responsibility of the
study sponsor and investigators.
Listing a study does not mean it has
been evaluated by the U.S. Federal
Government. Read our disclaimer
for details.

 ClinicalTrials.gov Identifier: NCT04607980

Recruitment Status  : Completed
First Posted  : October 29, 2020
Last Update Posted  : November 22,
2022

View this study on
Beta.ClinicalTrials.gov

Study Details Tabular View No Results Posted Disclaimer

How to Read a Study Record

We're building a better ClinicalTrials.gov. Check it out and tell us what you think!

A Study to Investigate ABP 654 for the Treatment of Participants With Moderate to Severe
Plaque Psoriasis

Sponsor:
Amgen

Information provided by (Responsible Party):
Amgen

Study Description

Brief Summary:
The purpose of the study is to evaluate the efficacy, safety, and immunogenicity of ABP 654 compared with

Find Studies About Studies Submit Studies Resources About Site PRS Login

Home Search Results Study Record Detail

Go to  
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ustekinumab in participants with moderate to severe plaque psoriasis.

Condition or disease  Intervention/treatment  Phase 

Plaque Psoriasis Drug: ABP 654

Drug: Ustekinumab

Phase 3

Detailed Description:

This is a multicenter study and will enroll approximately 542 participants.

The total duration of study participation for each participant will be 56 weeks, with up to 4 weeks for screening,
and for 52 weeks after the first administration of either ABP 654 or ustekinumab.

After confirmation of eligibility, all participants will be randomized in a 1:1 ratio into 2 treatment groups (Group A
will receive ABP 654, and Group B will receive ustekinumab) stratified by prior biologic use for psoriasis (yes
versus [vs] no), geographic region, and baseline body weight (BW).

Based on the psoriasis area and severity index (PASI) score (to determine better improvement or partial
improvement) at week 28, the participants in the study will proceed as follows:

1. Participants who do not achieve PASI 50 response or better improvement at Week 28 will be considered
to have completed the study and will complete end of study procedures (ie, week 52 procedures), and
those unable to complete week 28 visit, or did not have a PASI assessment completed, will be
discontinued from the study.

2. Participants who achieve PASI 75 response or better improvement will continue on the study and will be
re-randomized in a blinded fashion such that participants initially randomized to Group A (ABP 654) will
continue to receive ABP 654 and those in Group B (ustekinumab) will re-randomized, to either continue
on ustekinumab (Treatment Group B1) or switch to ABP 654 (Treatment Group B2).

3. Participants with PASI 50 response or better but less than PASI 75 response and on the Investigator's
decision, participants will continue on the originally assigned treatment with dose intensification and will
not be re-randomized. However, participants that do not dose intensify will be re-randomized.

Study Design

Study Type  : Interventional  (Clinical Trial)
Actual Enrollment  : 563 participants

Allocation: Randomized
Intervention Model: Parallel Assignment

Masking: Quadruple (Participant, Care Provider, Investigator, Outcomes Assessor)
Masking Description: The Investigators, study personnel with the exception of the clinical research

organization's unblinded biostatistician and unblinded programmers; and the
data monitoring committee, and the study participants will remain blinded to
treatment allocation.

Go to  
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Primary Purpose: Treatment
Official Title: A Phase 3, Multicenter, Randomized, Double-Blind Study Evaluating the

Efficacy and Safety of ABP 654 Compared With Ustekinumab in Subjects
With Moderate to Severe Plaque Psoriasis

Actual Study Start Date  : November 11, 2020
Actual Primary Completion Date  : January 13, 2022

Actual Study Completion Date  : June 3, 2022

Resource links provided by the National Library of Medicine

MedlinePlus related topics: Psoriasis

Drug Information available for: Ustekinumab

U.S. FDA Resources

Arms and Interventions

Arm  Intervention/treatment 

Experimental: Treatment Group A (ABP 654)

Participants will receive subcutaneous (SC)
injection of ABP 654, 45 mg (baseline BW less
than equal to [<=] 100 kg) or 90 mg (baseline BW
greater than [>] 100 kg) at weeks 0, 4, and 16.
Further from week 28 participants will receive
ABP 654 (same dose) every 12 weeks (Q12W) at
weeks 28 and 40 or may receive dose
intensification Q8W at weeks 28, 36, and 44,
depending on PASI score.

Drug: ABP 654

Participants will receive SC injection of ABP 654.

Experimental: Treatment Group B (Ustekinumab - ABP
654)

Participants will receive SC injection of
ustekinumab,45 mg (baseline BW <= 100 kg) or
90 mg (baseline BW > 100 kg) at weeks 0, 4, and
16. At week 28, participants will be re-randomized
to continue on ustekinumab (Treatment group
B1), or to receive ABP 654 (Treatment group B2)
on weeks 28 and 40. Depending on PASI score,
some participants may not be re-randomized and

Drug: ABP 654

Participants will receive SC injection of ABP 654.

Drug: Ustekinumab

Participants will receive SC injection of
ustekinumab.

Other Name: Stelara®

Go to  

Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 14 of 557 PageID #: 8931

 



A Study to Investigate ABP 654 for the Treatment of Participants With Moderate to Severe Plaque Psoriasis - Full Text View - ClinicalTrials.gov

https://clinicaltrials.gov/ct2/show/NCT04607980[11/28/2022 4:33:00 PM]

may receive dose intensification with ustekinumab
Q8W at weeks 28, 36, and 44.

Outcome Measures

Primary Outcome Measures  :

1. Percent Improvement in PASI From Baseline to Week 12 [ Time Frame: Baseline (Day 1 [Week 0]) until
Week 12 ]

The PASI is a measure of the average redness (erythema), thickness (induration), and scaliness (scaling;
each graded on a 0-4 scale (0 = clear; 1-4= increasing severity) of the lesions, weighted by the area of
involvement in the four main body areas (i.e., head, arms, trunk to groin, and legs to top of buttocks). The
PASI score ranges from 0 to 72. The higher score represents the worse symptom severity.

Secondary Outcome Measures  :

1. Percent Improvement in PASI at Other Timepoints [ Time Frame: Baseline (Day 1 [Week 0]), weeks 4,
12, 16, 28, 36, 40, 44 and Week 52 (end of study [EOS]) ]

The PASI is a measure of the average redness (erythema), thickness (induration), and scaliness
(scaling; each graded on a 0-4 scale (0 = clear; 1-4= increasing severity) of the lesions, weighted by
the area of involvement in the four main body areas (i.e., head, arms, trunk to groin, and legs to top of
buttocks). The PASI score ranges from 0 to 72. The higher score represents the worse symptom
severity.

2. Percentage of Participants with PASI 75 Response Throughout the Study [ Time Frame: Baseline (Day 1
[Week 0]), weeks 4, 12, 16, 28, 36, 40, 44 and Week 52 (EOS) ]

Reduction in disease as measured by PASI score. The PASI 75 response is a 75% or greater
improvement (reduction in disease [PASI 75]) from baseline in PASI score. The PASI is a measure of
the average redness (erythema), thickness (induration), and scaliness (scaling; each graded on a 0-4
scale (0 = clear; 1-4= increasing severity) of the lesions, weighted by the area of involvement in the
four main body areas (i.e., head, arms, trunk to groin, and legs to top of buttocks). The PASI score
ranges from 0 to 72. The higher score represents the worse symptom severity.

3. Percentage of Participants with PASI 100 Response Throughout the Study [ Time Frame: Baseline (Day
1 [Week 0]), weeks 4, 12, 16, 28, 36, 40, 44 and Week 52 (EOS) ]

Reduction in disease as measured by PASI score. The PASI 100 response is a 100% improvement
(reduction in disease [PASI 100]) from baseline in PASI score. The PASI is a measure of the average
redness (erythema), thickness (induration), and scaliness (scaling; each graded on a 0-4 scale (0 =

Go to  
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clear; 1-4= increasing severity) of the lesions, weighted by the area of involvement in the four main
body areas (i.e., head, arms, trunk to groin, and legs to top of buttocks). The PASI score ranges from 0
to 72. The higher score represents the worse symptom severity.

4. Percentage of Participants With Static Physician's Global Assessment (sPGA) Responses (0/1) at Week
12 and Week 52 [ Time Frame: Week 12 and Week 52 ]

The sPGA is a 6-point scale ranging from 0 (clear) to 5 (very severe) used to measure the severity of
disease (induration, scaling, and erythema). A sPGA response is defined as a sPGA value of clear
(score 0) or almost clear (score 1). The higher score represents the worse symptom severity.

5. Change From Baseline in Percentage of Body Surface Area (BSA) Affected with Psoriasis at Week 12
and Week 52 [ Time Frame: Week 12 and Week 52 ]

The percent of BSA affected (%BSA) is estimated by assuming that the participant's palm, excluding
the fingers and thumb, represents roughly 1% of the body's surface.

6. Number of participants With Treatment Emergent Adverse Events and Serious Adverse Events
[ Time Frame: From Screening Day until Week 52 (EOS) ]

Assessment of the safety of ABP 654 compared with ustekinumab.

7. Events of Interests (EOIs) [ Time Frame: From Screening Day until Week 52 (EOS) ]

Assessment of the safety of ABP 654 compared with ustekinumab.

8. Number of Participants With Anti-drug Antibodies (ADAs) to ABP 654 [ Time Frame: Pre-dose on weeks
0 (day 1), 4, 12, 28, 32, 40, and on Week 52 (EOS) ]

The detection and characterization of antibodies to ABP 654 will be performed.

Eligibility Criteria

Information from the National Library of Medicine

Choosing to participate in a study is an important personal decision. Talk with your
doctor and family members or friends about deciding to join a study. To learn more
about this study, you or your doctor may contact the study research staff using the
contacts provided below. For general information, Learn About Clinical Studies.

Go to  
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Ages Eligible for Study:  18 Years to 75 Years   (Adult, Older Adult)
Sexes Eligible for Study:  All

Accepts Healthy Volunteers:  No

Criteria

Inclusion Criteria:

Participants are eligible to be included in the study only if all of the following criteria apply:

Stable moderate to severe plaque psoriasis for at least 6 months

Baseline score of PASI >= 12, involvement of >= 10% BSA, and sPGA >= 3 at screening and at baseline

Candidate for phototherapy or systemic therapy

Previous failure, inadequate response, intolerance, or contraindication to at least 1 conventional anti-
psoriatic systemic therapy

Female participants should have negative serum pregnancy test during screening and a negative urine
pregnancy test at baseline

No known history of latent or active tuberculosis (TB), and has a negative test for TB during screening (with
negative purified protein derivative (PPD), and Negative Quantiferon®/T-spot test)

Participants with a positive purified protein derivative and a history of Bacillus Calmette-Guérin (BCG)
vaccination are allowed with a negative Quantiferon®/T-spot®

Participants with a positive PPD test (without history of BCG vaccination) or participants with a positive or
indeterminate Quantiferon®/T-spot test are allowed if they have all of the following:

No symptoms per TB worksheet provided by the sponsor

Documented history of adequate prophylaxis initiation prior to receiving investigational product (IP) in
accordance with local recommendations

No known exposure to a case of active TB after most recent prophylaxis

No evidence of active TB on chest radiograph within 3 months prior to the first dose of IP

Exclusion Criteria:

Participants are excluded from the study if any of the following criteria apply:

Skin disease related conditions such as, Erythrodermic psoriasis (PsO), pustular PsO, guttate PsO,
medication induced PsO, or other skin conditions at the time of the screening visit (eg, eczema) that would
interfere with evaluations of the effect of IP on PsO

Participant has an active infection, recurrent or chronic infections, serious infection or history of infections

Known history of human immunodeficiency virus

Hepatitis B surface antigen or hepatitis C virus antibody positivity at screening

Uncontrolled, clinically significant systemic disease such as uncontrolled diabetes mellitus, cardiovascular
disease, renal disease, liver disease, or hypertension

Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 17 of 557 PageID #: 8934



A Study to Investigate ABP 654 for the Treatment of Participants With Moderate to Severe Plaque Psoriasis - Full Text View - ClinicalTrials.gov

https://clinicaltrials.gov/ct2/show/NCT04607980[11/28/2022 4:33:00 PM]

Moderate to severe heart failure (New York Heart Associate class III/IV)

Known hypersensitivity to the IP or to any of the excipients

Any abnormal laboratory parameters at screening, as defined in protocol

Previous treatment with any agent specifically targeting interleukin (IL)-12 or IL-23

Received biologic treatment for psoriasis within the previous month or 5 drug half-lives prior to
randomization

Received non-biologic systemic psoriasis therapy within 4 weeks prior to randomization

Received Ultra-violet A (UVA) phototherapy (with or without psoralen) or excimer laser within 4 weeks prior
to randomization, or ultra-violet B (UVB) phototherapy within 2 weeks prior to randomization

Received topical psoriasis treatment within 2 weeks prior to randomization (exception: upper mid-strength
to least potent [class III to VII] topical steroids permitted on the palms, soles, face, and intertriginous areas;
bland emollients)

Received live viral or live bacterial vaccination within 2 weeks prior to randomization

Received BCG vaccination within 1 year prior to randomization

Other investigational procedures within 4 weeks prior to randomization and during the study

Participants not agreeing to follow protocol defined contraceptives procedures

Participants likely not to be available to complete all protocol-required study visits or procedures, and/or to
comply with all required study procedures

Contacts and Locations

Information from the National Library of Medicine

To learn more about this study, you or your doctor may contact the study research
staff using the contact information provided by the sponsor.

Please refer to this study by its ClinicalTrials.gov identifier (NCT number):
NCT04607980

Locations

 Show 84 study locations

Sponsors and Collaborators

Amgen

Investigators

Go to  
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Study Director: MD Amgen

More Information

Additional Information:

AmgenTrials clinical trials website  

Responsible Party: Amgen
ClinicalTrials.gov Identifier: NCT04607980     History of Changes
Other Study ID Numbers: 20190232 

2020-003184-25 ( EudraCT Number )
First Posted: October 29, 2020    Key Record Dates
Last Update Posted: November 22, 2022
Last Verified: November 2022

Individual Participant Data (IPD) Sharing Statement:
Plan to Share IPD: Yes
Plan Description: De-identified individual patient data for variables necessary to address the specific

research question in an approved data sharing request
Supporting Materials: Study Protocol

Statistical Analysis Plan (SAP)
Informed Consent Form (ICF)
Clinical Study Report (CSR)

Time Frame: Data sharing requests relating to this study will be considered beginning 18 months
after the study has ended and either 1) the product and indication have been
granted marketing authorization in both the US and Europe or 2) clinical
development for the product and/or indication discontinues and the data will not be
submitted to regulatory authorities. There is no end date for eligibility to submit a
data sharing request for this study.

Access Criteria: Qualified researchers may submit a request containing the research objectives, the
Amgen product(s) and Amgen study/studies in scope, endpoints/outcomes of
interest, statistical analysis plan, data requirements, publication plan, and
qualifications of the researcher(s). In general, Amgen does not grant external
requests for individual patient data for the purpose of re-evaluating safety and
efficacy issues already addressed in the product labelling. Requests are reviewed
by a committee of internal advisors. If not approved, a Data Sharing Independent
Review Panel will arbitrate and make the final decision. Upon approval, information
necessary to address the research question will be provided under the terms of a
data sharing agreement. This may include anonymized individual patient data

Go to  
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and/or available supporting documents, containing fragments of analysis code
where provided in analysis specifications. Further details are available at the URL
below.

URL: http://www.amgen.com/datasharing

Studies a U.S. FDA-regulated Drug Product: Yes
Studies a U.S. FDA-regulated Device Product: No

Keywords provided by Amgen:
Psoriasis
Biosimilar
Psoriasis area and severity index

Additional relevant MeSH terms:
Psoriasis
Skin Diseases, Papulosquamous
Skin Diseases
Ustekinumab
Dermatologic Agents

TO TOP

For Patients and Families  For Researchers  For Study Record Managers

HOME  RSS FEEDS  SITE MAP  TERMS AND CONDITIONS  DISCLAIMER  CUSTOMER SUPPORT

Copyright  Privacy  Accessibility  Viewers and Players  Freedom of Information Act  USA.gov  HHS Vulnerability Disclosure

U.S. National Library of Medicine  U.S. National Institutes of Health  U.S. Department of Health and Human Services
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Provided April 27, 2022, as part of an oral presentation and is qualified by 
such, contains forward-looking statements, actual results may vary 
materially; Amgen disclaims any duty to update.

SAFE HARBOR STATEMENT
This presentation contains forward-looking statements that are based on management’s current expectations and beliefs and are subject to a number of risks, uncertainties and assumptions that could cause actual results to differ materially
from those described. All statements, other than statements of historical fact, are statements that could be deemed forward-looking statements, including any statements on the outcome, benefits and synergies of collaborations, or potential
collaborations, with any other company, (including BeiGene, Ltd., Kyowa-Kirin Co., Ltd., or any collaboration to manufacture therapeutic antibodies against COVID-19), the performance of Otezla® (apremilast) (including anticipated Otezla sales
growth and the timing of non-GAAP EPS accretion), the Five Prime Therapeutics, Inc. acquisition, or the Teneobio, Inc. acquisition, as well as estimates of revenues, operating margins, capital expenditures, cash, other financial metrics,
expected legal, arbitration, political, regulatory or clinical results or practices, customer and prescriber patterns or practices, reimbursement activities and outcomes, effects of pandemics or other widespread health problems such as the
ongoing COVID-19 pandemic on our business, outcomes progress, and other such estimates and results. Forward-looking statements involve significant risks and uncertainties, including those discussed below and more fully described in the
Securities and Exchange Commission (SEC) reports filed by Amgen, including Amgen’s most recent annual report on Form 10-K and any subsequent periodic reports on Form 10-Q and current reports on Form 8-K. Please refer to Amgen’s
most recent Forms 10-K, 10-Q and 8-K for additional information on the uncertainties and risk factors related to our business. Unless otherwise noted, Amgen is providing this information as of April 27, 2022 and expressly disclaims any duty
to update information contained in this presentation.

No forward-looking statement can be guaranteed and actual results may differ materially from those we project. Our results may be affected by our ability to successfully market both new and existing products domestically and internationally,
clinical and regulatory developments involving current and future products, sales growth of recently launched products, competition from other products including biosimilars, difficulties or delays in manufacturing our products and global
economic conditions. In addition, sales of our products are affected by pricing pressure, political and public scrutiny and reimbursement policies imposed by third-party payers, including governments, private insurance plans and managed
care providers and may be affected by regulatory, clinical and guideline developments and domestic and international trends toward managed care and healthcare cost containment. Furthermore, our research, testing, pricing, marketing and
other operations are subject to extensive regulation by domestic and foreign government regulatory authorities. We or others could identify safety, side effects or manufacturing problems with our products, including our devices, after they are
on the market. Our business may be impacted by government investigations, litigation and product liability claims. In addition, our business may be impacted by the adoption of new tax legislation or exposure to additional tax liabilities. If we fail
to meet the compliance obligations in the corporate integrity agreement between us and the U.S. government, we could become subject to significant sanctions. Further, while we routinely obtain patents for our products and technology, the
protection offered by our patents and patent applications may be challenged, invalidated or circumvented by our competitors, or we may fail to prevail in present and future intellectual property litigation. We perform a substantial amount of our
commercial manufacturing activities at a few key facilities, including in Puerto Rico, and also depend on third parties for a portion of our manufacturing activities, and limits on supply may constrain sales of certain of our current products and
product candidate development. An outbreak of disease or similar public health threat, such as COVID-19, and the public and governmental effort to mitigate against the spread of such disease, could have a significant adverse effect on the
supply of materials for our manufacturing activities, the distribution of our products, the commercialization of our product candidates, and our clinical trial operations, and any such events may have a material adverse effect on our product
development, product sales, business and results of operations. We rely on collaborations with third parties for the development of some of our product candidates and for the commercialization and sales of some of our commercial products.
In addition, we compete with other companies with respect to many of our marketed products as well as for the discovery and development of new products. Discovery or identification of new product candidates or development of new
indications for existing products cannot be guaranteed and movement from concept to product is uncertain; consequently, there can be no guarantee that any particular product candidate or development of a new indication for an existing
product will be successful and become a commercial product. Further, some raw materials, medical devices and component parts for our products are supplied by sole third-party suppliers. Certain of our distributors, customers and payers
have substantial purchasing leverage in their dealings with us. The discovery of significant problems with a product similar to one of our products that implicate an entire class of products could have a material adverse effect on sales of the
affected products and on our business and results of operations. Our efforts to collaborate with or acquire other companies, products or technology, and to integrate the operations of companies or to support the products or technology we
have acquired, may not be successful. A breakdown, cyberattack or information security breach could compromise the confidentiality, integrity and availability of our systems and our data. Our stock price is volatile and may be affected by a
number of events. Our business and operations may be negatively affected by the failure, or perceived failure, of achieving our environmental, social and governance objectives. The effects of global climate change and related natural disasters
could negatively affect our business and operations. Global economic conditions may magnify certain risks that affect our business. Our business performance could affect or limit the ability of our Board of Directors to declare a dividend or our
ability to pay a dividend or repurchase our common stock. We may not be able to access the capital and credit markets on terms that are favorable to us, or at all.

The information relating to our Q1 results is expressly limited to information through March 31, 2022, and future results are subject to the effects of the ongoing COVID-19 pandemic on our business, including disruptions and effects on our
product sales, and extrapolation on such results should include the timing and effects of the COVID-19 pandemic discussed in our oral presentation and our Form 10-Q for the period ended March 31, 2022.

This presentation includes GAAP and non-GAAP financial measures. In accordance with the requirements of SEC Regulation G, reconciliations between these two measures, if these slides are in hard copy, accompany the hard copy
presentation or, if these slides are delivered electronically, are available on the Company's website at www.amgen.com within the Investors section.
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Introduction Arvind Sood

Opening Remarks Bob Bradway

Q1 ’22 Business Results and Outlook Peter Griffith

Global Commercial Update Murdo Gordon

Research & Development Update David Reese

Q&A All
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• Continued volume-driven growth from innovative products
• LUMAKRAS® and TEZSPIRETM launches off to a successful start
• Effectively managed operating expenses while advancing pipeline 

and product launches
• Pipeline continues to advance first-in-class opportunities, with 

multiple data read-outs expected this year
• Strong balance sheet and significant cash flow generation provide 

flexibility to evaluate business development landscape

WE EXECUTED EFFECTIVELY IN Q1 2022
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$ Millions, Except Non-GAAP EPS

All income statement items for Q1 ’22 and/or Q1 ’21, except revenue and average shares, are non-GAAP financial measures—if this slide is in hard copy, see reconciliations 
accompanying the presentation, or if this slide is delivered electronically, see reconciliations available at: www.amgen.com within the Investors section.

Item Q1 ’22 Q1 ’21 B/(W) %
Revenue $6,238 $5,901 6%

Product Sales 5,731 5,592 2%
Other Revenues 507 309 64%

Non-GAAP Operating Expenses 3,098 3,037 (2%)
Cost of Sales % of product sales 951 16.6% 867 15.5% (10%)
R&D % of product sales 934 16.3% 944 16.9% 1%
SG&A % of product sales 1,213 21.2% 1,226 21.9% 1%

Non-GAAP Operating Income % of product sales 3,140 54.8% 2,864 51.2% 10%
Other Income/(Expense) (413) (375) (10%)

Non-GAAP Net Income $2,343 $2,150 9%
Non-GAAP EPS $4.25 $3.70 15%

Average Shares (millions) 551 581 5%
Non-GAAP Tax Rate 14.1% 13.6% (0.5) pts.

Q1 2022 FINANCIAL RESULTS DEMONSTRATE STRONG 
EXECUTION AND GROWTH
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$ Billions, Except Dividends Paid Per Share
Cash Flow Data Q1 ’22 Q1 ’21
Capital Expenditures $0.2 $0.2

Free Cash Flow* 2.0 1.9

Share Repurchases 6.3 0.9

YoY Dividend Increase 10% 10%

Dividends Paid Per Share $1.94 $1.76

Balance Sheet Data 3/31/22 12/31/21
Cash and Investments $6.5 $8.0

Debt Outstanding 36.9 33.3

*Non-GAAP financial measure—if this slide is in hard copy, see reconciliations accompanying the presentation, or if this slide is delivered electronically, see 
reconciliations available at: www.amgen.com within the Investors section.  

STRONG BALANCE SHEET WITH FREE CASH FLOW OF 
$2.0B IN Q1 2022
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*Non-GAAP financial measure—if this slide is in hard copy, see reconciliations accompanying the presentation, or if this slide is delivered electronically, or amounts 
pertain to previously issued financial guidance, see reconciliations available at: www.amgen.com within the Investors section

Guidance Comments

Revenue $25.4B–$26.5B Unchanged

Non-GAAP EPS* $17.00–$18.00 Unchanged

Non-GAAP Tax Rate* 13.5%–14.5% Revised from 
13.0%–14.0%

Capital Expenditures ~$950M Unchanged

2022 GUIDANCE
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$ Millions, Net Sales Q1 ’22 Q1 ’21 YoY
U.S. ROW Total Total Total

Prolia® 582 270 852 758 12%
EVENITY® 110 60 170 107 59%
Repatha® 165 164 329 286 15%
Aimovig® 98 3 101 66 53%
TEZSPIRE™ 7 — 7 — NM
Otezla® 350 101 451 476 (5%)
Enbrel® 843 19 862 924 (7%)
AMGEVITA™ — 108 108 106 2%
LUMAKRAS®/LUMYKRAS™ 48 14 62 — NM
KYPROLIS® 196 91 287 251 14%
XGEVA® 368 134 502 468 7%
Vectibix® 85 116 201 191 5%
Nplate® 156 110 266 227 17%
BLINCYTO® 79 59 138 107 29%
MVASI® 168 76 244 294 (17%)
KANJINTI® 80 16 96 161 (40%)
Neulasta® 304 44 348 482 (28%)
NEUPOGEN® 23 15 38 34 12%
EPOGEN® 120 — 120 125 (4%)
Aranesp® 137 221 358 355 1%
Parsabiv® 57 29 86 79 9%
Sensipar®/Mimpara™ 4 16 20 23 (13%)
Other products* 57 28 85 72 18%
Total Product Sales $4,037 $1,694 $5,731 $5,592 2%
Total Revenue $6,238 $5,901 6%

*Other products includes GENSENTA, IMLYGIC®, Corlanor®, Bergamo, AVSOLA® and RIABNITM       

NM = changes in excess of 100%

Q1 ’22 GLOBAL COMMERCIAL UPDATE
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$ Millions, Net Sales Q1 ’22 Highlights

• Continued to execute our volume-
driven growth strategy

• Delivered double-digit volume growth 
for Repatha®, Prolia®, EVENITY®, 
KYPROLIS®, BLINCYTO®, and
AMGEVITATM

• COVID-19 continued to affect our 
business around the world in Q1; we 
saw impact of pandemic recede in U.S. 
in March and April

Q1 ’22 YoY QoQ
Total Change 2% (9%)

Units 9% (2%)
Inventory 0% (4%)

Note: Inventory represents wholesaler and, based on prescription data for Otezla® and Enbrel®, end-user inventories

ROW
U.S.

Q1 ’22 PRODUCT SALES INCREASED 2% YOY, WITH 9% 
VOLUME GROWTH 
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Q1 ’22 YoY QoQ
Total Change 12% (2%)

Units 10% (1%)
Inventory 1% (4%)

$ Millions, Net Sales

*Net selling price represents the impact of list price changes as well as contracting and access changes
Note: Inventory represents wholesaler inventories

Q1 ’22 Highlights

• YoY sales increased 12%, driven by 10% 
volume growth and higher net selling 
price*

ROW
U.S.

PROLIA® DELIVERED 12% YOY GROWTH 
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Q1 ’22 Highlights
Q1 ’22 YoY QoQ

Total Change 59% 19%
Units 59% 25%

Inventory (1%) (5%)

$ Millions, Net Sales

Note: Inventory represents wholesaler inventories
EVENITY® is developed and commercialized in collaboration with UCB globally, as well as our collaboration partner Astellas in Japan

• YoY sales increased 59%, driven by 
volume growth

• U.S. sales increased 93% YoY, driven by 
79% volume growth

ROW
U.S.

EVENITY® HAD RECORD QUARTERLY SALES IN Q1
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Q1 ’22 Highlights

*Net selling price represents the impact of list price changes as well as contracting and access changes
Note: Inventory represents wholesaler inventories

• YoY sales increased 15%, driven by 49% 
volume growth, partially offset by lower 
net selling price*

• U.S. volumes grew 41% YoY;                    
ROW volumes grew 57% YoY

Q1 ’22 YoY QoQ
Total Change 15% 21%

Units 49% 7%
Inventory 1% 2%

$ Millions, Net Sales

ROW
U.S.

REPATHA® HAD RECORD QUARTERLY SALES, WITH
49% VOLUME GROWTH
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Q1 ’22 Highlights$ Millions, Net Sales

*Net selling price represents the impact of list price changes as well as contracting and access changes
Note: Inventory represents wholesaler inventories

• YoY sales increased 53%, driven by 
favorable changes to estimated sales 
deductions and higher net selling price*, 
partially offset by a 4% decline in volume

Q1 ’22 YoY QoQ
Total Change 53% 12%

Units (4%) (13%)
Inventory 3% 2%U.S.

AIMOVIG® SALES INCREASED 53% YOY

ROW

3
2

2
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Q1 ’22 Highlights

• FDA approved in December 2021, with 
Q1 sales of $7M

• TEZSPIRETM well-positioned to treat 
approximately 2.5 million worldwide 
patients with severe asthma who are 
uncontrolled or biologic eligible

• Positive feedback received from both 
allergists and pulmonologists

• Permanent reimbursement coding will 
be effective as of July 1, 2022

TEZSPIRETM, THE FIRST AND ONLY BIOLOGIC WITHOUT 
PHENOTYPIC AND BIOMARKER LIMITATIONS

TEZSPIRETM is developed in collaboration with AstraZeneca
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$ Millions, Net Sales Q1 ’22 Highlights

*Net selling price represents the impact of list price changes as well as contracting and access changes
Note: Inventory represents wholesaler and, based on prescription data, end-user inventories

• In the U.S., Otezla® remained the market 
share leader among patients who are 
new to systemic agents for psoriasis

• The launch of Otezla® in the mild to 
moderate psoriasis indication has been 
well-received  

• YoY sales decreased 5%, primarily 
driven by lower net selling price* and 
lower inventory levels, partially offset by 
7% volume growth

ROW
U.S.

OTEZLA® VOLUME GREW 7% YOY

Q1 ’22 YoY QoQ
Total Change (5%) (28%)

Units 7% (1%)
Inventory (7%) (16%)
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$ Millions, Net Sales Q1 ’22 Highlights
Q1 ’22 YoY QoQ

Total Change (7%) (22%)
Units 0% (3%)

Inventory (2%) (10%)

• YoY volume remained flat in the first 
quarter

• YoY sales decreased 7%, driven by 
declines in net selling price* and 
inventory levels

ROW
U.S.

ENBREL® HAS AN ESTABLISHED RECORD OF 
SAFETY AND EFFICACY  

30
31

26
26

19

*Net selling price represents the impact of list price changes as well as contracting and access changes
Note: Inventory represents wholesaler and, based on prescription data, end-user inventories
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Q1 ’22 Highlights
Q1 ’22 YoY QoQ

Total Change 2% (6%)
Units 16% (2%)

Inventory 0% 0%

$ Millions, Net Sales

• YoY sales increased 2%, driven by 16% 
volume growth, partially offset by  
foreign exchange impact and lower net 
selling price* resulting from increased 
competition

ROW

AMGEVITA™ REMAINED THE MOST PRESCRIBED 
ADALIMUMAB BIOSIMILAR IN EUROPE

*Net selling price represents the impact of list price changes as well as contracting and access changes
Note: Inventory represents wholesaler inventories
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Q1 ’22 Highlights

• In the U.S., LUMAKRAS® has been 
prescribed to approximately 2,500 
patients by over 1,500 physicians in both 
academic and community settings

• Recent reimbursement approvals in the 
United Kingdom and Japan

LUMAKRAS®/LUMYKRASTM NOW APPROVED IN 
NEARLY 40 COUNTRIES

Note: Inventory represents wholesaler inventories

Q1 ’22 QoQ
Total Change 38%

Units 44%
Inventory (11%)

ROW
U.S.

3
5
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$ Millions, Net Sales Q1 ’22 Highlights

• YoY sales increased 14%, driven by 13% 
volume growth 

Note: Inventory represents wholesaler inventories

Q1 ’22 YoY QoQ
Total Change 14% 1%

Units 13% 1%
Inventory 3% 1%

ROW

KYPROLIS® VOLUME GREW 13% IN Q1

U.S.
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$ Millions, Net Sales
Q1 ’22 YoY QoQ

Total Change 7% (8%)
Units (2%) (4%)

Inventory 2% (2%)

Q1 ’22 Highlights

• YoY sales increased 7%, driven by 
favorable changes to estimated sales 
deductions and higher net selling 
price*, partially offset by a 2% decline 
in volume  

*Net selling price represents the impact of list price changes as well as contracting and access changes
Note: Inventory represents wholesaler inventories

ROW

XGEVA® SALES GREW 7% IN Q1

U.S.

Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 43 of 557 PageID #: 8960



23
Provided April 27, 2022, as part of an oral presentation and is qualified by 
such, contains forward-looking statements, actual results may vary 
materially; Amgen disclaims any duty to update.

$ Millions, Net Sales Q1 ’22 Highlights
Q1 ’22 YoY QoQ

Total Change 5% (17%)
Units 4% (18%)

Inventory 1% 0%

Note: Inventory represents wholesaler inventories
EGFR = epidermal growth factor receptor

• YoY sales increased 5%, driven by 
volume growth in ex-U.S. markets

• Vectibix® remained the leading EGFR 
inhibitor across all lines of therapy

ROW
U.S.

VECTIBIX® SALES GREW 5% in Q1
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$ Millions, Net Sales Q1 ’22 Highlights

Note: Inventory represents wholesaler inventories

Q1 ’22 YoY QoQ
Total Change 17% (6%)

Units 7% (4%)
Inventory 4% (1%)

• YoY sales increased 17%, driven by 7% 
volume growth and favorable changes 
to estimated sales deductions

ROW
U.S.

NPLATE® SALES GREW 17% IN Q1 
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$ Millions, Net Sales Q1 ’22 Highlights
Q1 ’22 YoY QoQ

Total Change 29% 5%
Units 29% (1%)

Inventory 0% 0%

Note: Inventory represents wholesaler inventories

• YoY sales increased 29%, driven by 
volume growth

• Only approved bispecific T-cell 
engager (BiTE®) immunotherapy

ROW
U.S.

BLINCYTO® HAD RECORD QUARTERLY SALES IN Q1, 
WITH 29% VOLUME GROWTH
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Q1 ’22 Highlights
Q1 ’22 YoY QoQ

Total Change (17%) (20%)
Units 13% (8%)

Inventory 0% 1%

$ Millions, Net Sales

• YoY sales decreased 17%, driven by lower 
net selling price*, partially offset by 13% 
volume growth

• For the full-year, we expect continued net 
selling price* erosion and volume 
declines driven by increased competition 
and Average Selling Price (ASP) erosion 

*Net selling price represents the impact of list price changes as well as contracting and access changes
Note: Inventory represents wholesaler inventories

ROW
U.S.

MVASI® REMAINED THE MARKET LEADER WITHIN 
BEVACIZUMAB SEGMENT IN THE U.S.  
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Q1 ’22 Highlights
Q1 ’22 YoY QoQ

Total Change (40%) (31%)
Units (10%) (3%)

Inventory 0% 0%

$ Millions, Net Sales

• YoY sales decreased 40%, driven by lower 
net selling price* and volume

• Going forward, we expect continued net 
selling price* deterioration and volume 
declines driven by increased competition 
and ASP erosion

*Net selling price represents the impact of list price changes as well as contracting and access changes
Note: Inventory represents wholesaler inventories

ROW
U.S.

KANJINTI® REMAINED THE MARKET LEADER 
WITHIN TRASTUZUMAB SEGMENT IN THE U.S.

Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 48 of 557 PageID #: 8965



28
Provided April 27, 2022, as part of an oral presentation and is qualified by 
such, contains forward-looking statements, actual results may vary 
materially; Amgen disclaims any duty to update.

$ Millions, Net Sales Q1 ’22 Highlights
• Includes Neulasta®, NEUPOGEN®, 

EPOGEN®, Aranesp®, Parsabiv®, and 
Sensipar®/Mimpara™

• YoY sales decreased 12%, primarily 
driven by lower net selling price* and 
volume declines

• In the aggregate, we expect the year-over-
year net price and volume erosion for this 
portfolio of products to continue

*Net selling price represents the impact of list price changes as well as contracting and access changes.  
Note: Inventory represents wholesaler inventories

Q1 ’22 YoY QoQ
Total Change (12%) 1%

Units (3%) (3%)
Inventory 0% 1%

ROW
U.S.

ESTABLISHED PRODUCTS GENERATED $970M OF 
SALES IN Q1
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TSLP = thymic stromal lymphopoietin; AAAAI = American Academy of Allergy, Asthma, and Immunology; AAER = annualized asthma exacerbation rate; 
COPD = chronic obstructive pulmonary disease; TEZSPIRETM is being developed in collaboration with AstraZeneca.

Q1 ’22 EARNINGS CALL—R&D UPDATE
Inflammation
• TEZSPIRE™ (tezepelumab-ekko) – monoclonal antibody targeting TSLP

– In February, TEZSPIRE™ data were presented at the AAAAI meeting demonstrating reductions in 
AAER across biomarker subgroups and consistent efficacy throughout the year, regardless of 
season.

– The WAYFINDER Phase 3b study, designed to demonstrate reduction in oral corticosteroid use in 
adult participants with severe asthma on long-term oral corticosteroid therapy, was initiated.

– The PASSAGE Phase 4 real-world effectiveness study in adult and adolescent participants with 
severe asthma, including underrepresented populations such as Black Americans, smokers, and 
patients with asthma-COPD overlap, was initiated.

– A Phase 3 study continues to enroll patients with chronic rhinosinusitis with nasal polyps.
– Planning is underway for a Phase 3 study in patients with eosinophilic esophagitis. 
– A Phase 2b study continues to enroll patients with chronic spontaneous urticaria. 
– A Phase 2 study continues to enroll patients with COPD.
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AAD = American Academy of Dermatology Association;  PPP = palmoplantar pustulosis; AD = atopic dermatitis; 
Rocatinlimab is being developed in collaboration with Kyowa Kirin. 

Q1 ’22 EARNINGS CALL—R&D UPDATE
Inflammation (continued)

• Otezla® (apremilast)
– In March, Otezla® data were presented at the AAD meeting

– Results from the ADVANCE and PROMINENT Phase 3 studies reinforced the efficacy of 
Otezla® in patients with mild to moderate plaque psoriasis.

– Results from the Phase 2 Japanese trial (PPP-001) in PPP demonstrated statistically 
significant improvements in the primary and all secondary endpoints vs. placebo.

– In March, a Phase 3 study for the treatment of Japanese patients with PPP was initiated.

• Rocatinlimab (AMG 451 / KHK4083) – monoclonal antibody targeting OX40 
– Rocatinlimab inhibits and prevents the expansion of activated pathogenic T-cells and reduces 

their number.  
– ROCKET Phase 3 planning continues in moderate to severe AD; anticipated initiation mid-2022.
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ICOSL = inducible T-cell costimulatory ligand; BAFF = B-cell activating factor; SLE = systemic lupus erythematosus; IL-2 = interleukin-2; IL-15 = interleukin-15; 
Ordesekimab is being developed in collaboration with Provention Bio.

Q1 ’22 EARNINGS CALL—R&D UPDATE
Inflammation (continued)

• Rozibafusp alfa (AMG 570) antibody-peptide conjugate that blocks ICOSL and BAFF 
– A Phase 2b study continues to enroll patients with SLE.

• Efavaleukin alfa (AMG 592) – IL-2 mutein Fc fusion protein
– A Phase 2b study continues to enroll patients with SLE.
– A Phase 2 study continues to enroll patients with ulcerative colitis.

• Ordesekimab (AMG 714 / PRV-015) – monoclonal antibody targeting IL-15
– A Phase 2b study continues to enroll patients with nonresponsive celiac disease. 
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Oncology / Hematology
• LUMAKRAS® / LUMYKRAS™ (sotorasib)

– Approved in nearly 40 countries in second-line NSCLC; additional regulatory reviews underway.
– In April, CodeBreak 100 long-term (2-year) outcomes data in patients with KRAS G12C-mutated 

advanced NSCLC were presented at AACR.
– 32.5% of patients were still alive at two years. 
– 40.7% objective response rate by central review.
– No new safety signals.

– In February, data in advanced pancreatic cancer were presented at the ASCO plenary series.
– Objective response rate of 21%; disease control rate of 84%. 
– The Company continues to explore the benefit of LUMAKRAS® in this setting.

NSCLC = non-small cell lung cancer; KRAS = Kirsten Rat Sarcoma; AACR = American Association for Cancer Research; 
ASCO = American Society of Clinical Oncology. 

Q1 ’22 EARNINGS CALL—R&D UPDATE
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Oncology / Hematology (continued)

• LUMAKRAS® / LUMYKRAS™ (sotorasib) (continued)
– Data anticipated in 2022

– PD-1 (pembrolizumab) and SHP2 (Revolution Medicines’ RMC-4630) combination cohorts, 
submitted for presentation at a medical congress in late summer.

– Confirmatory Phase 3 advanced NSCLC study vs. docetaxel, Q3-2022.
– Dose comparison of 960 mg/day vs. 240 mg/day in advanced NSCLC, Q4-2022.

– A Phase 2 first-line NSCLC study in patients with STK11 mutations and/or less than 1% 
programmed death-ligand 1 continues to enroll.

– A Phase 3 study in combination with Vectibix® in third-line KRAS G12C-mutated colorectal cancer is 
enrolling patients. 

PD-1 = programmed death protein 1; SHP2 = Src homology region 2-containing protein tyrosine phosphatase 2; NSCLC = non-small cell lung cancer; 
STK11 = serine/threonine kinase 11.  

Q1 ’22 EARNINGS CALL—R&D UPDATE
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Oncology / Hematology (continued)

• Bemarituzumab – monoclonal antibody targeting FGFR2b 
– A Phase 3 study (FORTITUDE-101) of bemarituzumab plus chemotherapy versus placebo plus 

chemotherapy in first-line gastric cancer with FGFR2b overexpression continues to enroll patients. 
– A Phase 1b/3 study (FORTITUDE-102) of bemarituzumab plus chemotherapy and nivolumab versus 

chemotherapy and nivolumab in first-line gastric cancer with FGFR2b overexpression continues to 
enroll patients. 

– A Phase 1b study (FORTITUDE-103) of bemarituzumab plus oral chemotherapy regimens in first-line 
gastric cancer with FGFR2b overexpression was initiated. 

– A Phase 1b study (FORTITUDE-201) of bemarituzumab monotherapy and in combination with 
docetaxel is enrolling patients with squamous NSCLC with FGFR2b overexpression. 

– Planning is underway for a signal-seeking basket study in other solid tumors. 

FGFR2B = fibroblast growth factor receptor 2b; NSCLC = non-small cell lung cancer. 
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Oncology/Hematology (continued)

• Tarlatamab (AMG 757) – HLE BiTE® molecule targeting DLL3
– DeLLphi-301, a potentially registrational Phase 2 study for the treatment of relapsed/refractory SCLC after 

two or more prior lines of treatment continues to enroll patients.
– A Phase 1b combination study with AMG 404 continues to enroll patients with second-line or later SCLC.
– DeLLphi-303, a Phase 1b study, testing tarlatamab in combination with standard of care in first-line SCLC, 

is on track to start enrolling patients this quarter.
– Updated exploration and first expansion Phase 1 data in relapsed/refractory SCLC were submitted to a 

medical congress taking place in late summer.
– A Phase 1b study continues to enroll patients with de novo or treatment emergent neuroendocrine 

prostate cancer.

HLE = half-life extended; BiTE® = bispecific T-cell engager; DLL3 = delta-like ligand 3; SCLC = small cell lung cancer.
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Oncology/Hematology (continued)

• Acapatamab (AMG 160) – HLE BiTE® molecule targeting PSMA
– Data continue to mature in a dose-expansion cohort for the treatment of patients with mCRPC;      

decision-enabling data are expected in H1 2022.
– A master protocol evaluating combinations continues to enroll patients with earlier-line mCRPC.

• AMG 340 – lower T-cell affinity BiTE® molecule targeting PSMA
– A Phase 1 dose-escalation study is enrolling patients with mCRPC.

• AMG 509 – a bi-specific molecule targeting STEAP1
– A Phase 1 dose-escalation study, continues to enroll patients with mCRPC.

HLE = half-life extended; BiTE® = bispecific T-cell engager; PSMA = prostate-specific membrane antigen; mCRPC = metastatic castrate-resistant prostate cancer; 
STEAP1 = six-transmembrane epithelial antigen of prostate 1; AMG 509 is being developed in collaboration with Xencor.
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Oncology/Hematology (continued)

• AMG 193 – small-molecule MTA cooperative PRMT5 molecular glue
– A Phase 1/1b/2 study continues to enroll patients with advanced MTAP-null solid tumors.

• AMG 330 - BiTE® molecule targeting anti-CD33 
– Development of AMG 330 in AML has been discontinued based on the overall benefit:risk profile observed 

and prioritization of programs with the greatest potential benefit to AML patients.  
– Ongoing programs in AML include AMG 176, a small-molecule MCL-1 inhibitor and AMG 427, an HLE BiTE®

molecule targeting FLT3.

MTA = methylthioadenosine; PRMT5= protein arginine methyltransferase 5; MTAP = methylthioadenosine phosphorylase; BiTE® = bispecific T-cell engager; 
AML = acute myeloid leukemia; HLE = half-life extended; MCL-1 = myeloid cell leukemia 1; FLT3 = anti-fms-like tyrosine kinase 3.  
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General Medicine
• Repatha®

– In April, the Company announced results from two Repatha OLE studies (FOURIER-OLE) designed to 
assess the long-term safety and tolerability of Repatha in more than 6,600 high-risk adults with clinically 
evident atherosclerotic cardiovascular disease.

– In the OLE studies, patients received Repatha for approximately 5 years, with some patients receiving 
Repatha for up to 8.5 years in aggregate across the FOURIER and OLE studies. 

– No new long-term safety findings were observed.
– Medically significant and sustained reduction in LDL-C levels were observed, with more than 85 percent of 

patients achieving an LDL-C level of <40 mg/dL during the OLE period.  
– The results of these studies will be presented at an upcoming medical congress later this year.

Q1 ’22 EARNINGS CALL—R&D UPDATE

OLE = open label extension; LDL-C = low-density lipoprotein cholesterol.
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General Medicine (continued)

• Olpasiran (AMG 890) – Lipoprotein(a) siRNA
– Results from a Phase 2 study in patients with elevated lipoprotein(a) are expected in H1-2022 with 

presentation at a medical congress expected in H2-2022.

• AMG 133 – multispecific GIPR inhibitor and GLP-1 receptor agonist
– A phase 1 study continues to enroll patients in the multidose portion of the study.

Q1 ’22 EARNINGS CALL—R&D UPDATE

siRNA = small interfering ribonucleic acid; GIPR= Gastric Inhibitory Polypeptide Receptor; GLP-1= Glucagon-like peptide-1.
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Biosimilars
• ABP 654 – investigational biosimilar to STELARA® (ustekinumab) 

– Preliminary results from a Phase 3 study evaluating the efficacy and safety compared to STELARA® in 
adult patients with moderate to severe plaque psoriasis met the primary efficacy endpoint.

– A Phase 3 study to support an interchangeability designation in the U.S. is ongoing.
• Phase 3 studies of ABP 938, an investigational biosimilar to EYLEA® (aflibercept), 

and ABP 959, an investigational biosimilar to SOLIRIS® (eculizumab), are on track, 
with data expected in 2022.

• A Phase 3 study to support an interchangeability designation in the U.S. for 
AMJEVITA™ (adalimumab-atto) is enrolling patients.

STELARA® is a registered trademark of Janssen Pharmaceutica, NV; EYLEA® is a registered trademark of Regeneron Pharmaceuticals, Inc.; 
SOLIRIS® is a registered trademark of Alexion Pharmaceuticals, Inc.
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Amgen Inc.
Consolidated Statements of Income - GAAP
(In millions, except per - share data)
(Unaudited) Three months ended

March 31,
2022 2021

Revenues:
Product sales $ 5,731 $ 5,592
Other revenues 507 309

Total revenues 6,238 5,901

Operating expenses:
Cost of sales 1,561 1,490
Research and development 959 967
Acquired in-process research and development — —

Selling, general and administrative 1,228 1,254
Other (10) 61

Total operating expenses 3,738 3,772

Operating income 2,500 2,129

Other income (expense):
Interest expense, net (295) (285)
Other (expense) income, net (530) 13

Income before income taxes 1,675 1,857

Provision for income taxes 199 211

Net income $ 1,476 $ 1,646

Earnings per share:
Basic $ 2.69 $ 2.85
Diluted $ 2.68 $ 2.83

Shares used in calculation of earnings per share:
Basic 548 577
Diluted 551 581
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Amgen Inc.
Consolidated Balance Sheets - GAAP
(In millions) March 31, December 31,

2022 2021

(Unaudited)
Assets
Current assets:

Cash, cash equivalents and marketable securities $ 6,544 $ 8,037

Trade receivables, net 5,077 4,895

Inventories 4,411 4,086

Other current assets 2,488 2,367

Total current assets 18,520 19,385

Property, plant and equipment, net 5,142 5,184

Intangible assets, net 14,567 15,182

Goodwill 14,897 14,890

Other noncurrent assets 6,070 6,524

Total assets $ 59,196 $ 61,165

Liabilities and Stockholders' Equity

Current liabilities:
Accounts payable and accrued liabilities $ 12,042 $ 12,097

Current portion of long-term debt 844 87

Total current liabilities 12,886 12,184

Long-term debt 36,010 33,222

Long-term tax liabilities 6,652 6,594

Other noncurrent liabilities 2,732 2,465

Total stockholders’ equity 916 6,700

Total liabilities and stockholders’ equity $ 59,196 $ 61,165

Shares outstanding 534 558
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Amgen Inc.
GAAP to Non-GAAP Reconciliations
(Dollars In millions)
(Unaudited)
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Amgen Inc.
GAAP to Non-GAAP Reconciliations
(In millions, except per-share data)
(Unaudited)
(Continued from previous slide)

Three months ended
March 31, 2022

Three months ended
March 31, 2021

GAAP Non-GAAP GAAP Non-GAAP
Net income $ 1,476 $ 2,343 $ 1,646 $ 2,150

Weighted-average shares for diluted EPS 551 551 581 581

Diluted EPS $ 2.68 $ 4.25 $ 2.83 $ 3.70

The following table presents the computations for GAAP and non-GAAP diluted earnings per share:

a. The adjustments related primarily to noncash amortization of intangible assets from business acquisitions.
b. For the three months ended March 31, 2022, the adjustments related primarily to an in-process research and development asset adjustment.
c. The tax effect of the adjustments between our GAAP and non-GAAP results takes into account the tax treatment and related tax rate(s) that apply to each adjustment in the applicable tax jurisdiction(s). Generally, this results in a 

tax impact at the U.S. marginal tax rate for certain adjustments, including the majority of amortization of intangible assets, whereas the tax impact of other adjustments, including restructuring initiatives, depends on whether the 
amounts are deductible in the respective tax jurisdictions and the applicable tax rate(s) in those jurisdictions. Due to these factors, the effective tax rate for the adjustments to our GAAP income before income taxes, for the three 
months ended March 31, 2022, was 18.0%, compared to 20.7% for the corresponding period of the prior year.

d. The adjustments related to certain acquisition items, prior period and other items excluded from GAAP earnings.
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Amgen Inc.
Reconciliations of Cash Flows
(In millions)
(Unaudited)

Three months ended
March 31,

2022 2021

Net cash provided by operating activities $ 2,164 $ 2,104

Net cash used in investing activities (111) (319)

Net cash used in financing activities (3,514) (1,939)

(Decrease) increase in cash and cash equivalents (1,461) (154)

Cash and cash equivalents at beginning of period 7,989 6,266

Cash and cash equivalents at end of period $ 6,528 $ 6,112

Three months ended
March 31,

2022 2021

Net cash provided by operating activities $ 2,164 $ 2,104

Capital expenditures (190) (166)

Free cash flow $ 1,974 $ 1,938
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Amgen Inc.
Reconciliation of GAAP EPS Guidance to Non-GAAP
EPS Guidance for the Year Ending December 31, 2022
(Unaudited)

GAAP diluted EPS guidance $12.53 — $13.58

Known adjustments to arrive at non-GAAP*:
Acquisition-related expenses (a) 3.89 — 3.94

Net (gains)/losses from equity investments 0.53

Non-GAAP diluted EPS guidance $17.00 — $18.00

GAAP tax rate guidance 10.5 % — 12.0 %
Tax rate of known adjustments discussed above 2.5% — 3.0%

Non-GAAP tax rate guidance 13.5 % — 14.5 %

Reconciliation of GAAP Tax Rate Guidance to Non-GAAP
Tax Rate Guidance for the Year Ending December 31, 2022
(Unaudited)

* The known adjustments are presented net of their related tax impact, which amount to approximately $1.19 per share.

(a) The adjustments relate primarily to noncash amortization of intangible assets acquired in business acquisitions.

Our GAAP diluted EPS guidance does not include the effect of GAAP adjustments triggered by events that may occur subsequent to this press release such as
acquisitions, asset impairments, litigation, changes in fair value of our contingent consideration obligations and changes in fair value of our equity investments.

Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 70 of 557 PageID #: 8987



Q1 ’22 EARNINGS CALL

APRIL 27, 2022

Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 71 of 557 PageID #: 8988



 
 
 

EXHIBIT E 
  

Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 72 of 557 PageID #: 8989
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https://clinicaltrials.gov/ct2/show/NCT04761627[11/28/2022 4:38:03 PM]

 Save this study

The safety and scientific validity of
this study is the responsibility of the
study sponsor and investigators.
Listing a study does not mean it has
been evaluated by the U.S. Federal
Government. Read our disclaimer
for details.

 ClinicalTrials.gov Identifier: NCT04761627

Recruitment Status  : Active, not
recruiting
First Posted  : February 21, 2021
Last Update Posted  : November 7, 2022

View this study on
Beta.ClinicalTrials.gov

Study Details Tabular View No Results Posted Disclaimer

How to Read a Study Record

We're building a better ClinicalTrials.gov. Check it out and tell us what you think!

A Study to Investigate Interchangeability of ABP 654 for the Treatment of Participants
With Moderate to Severe Plaque Psoriasis

Sponsor:
Amgen

Information provided by (Responsible Party):
Amgen

Study Description

Brief Summary:
The purpose of the study is to evaluate pharmacokinetic similarity, efficacy, safety and immunogenicity of multiple

Find Studies About Studies Submit Studies Resources About Site PRS Login

Home Search Results Study Record Detail

Go to  
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switches between ustekinumab and ABP 654 compared with continued use of ustekinumab in participants with
moderate to severe plaque psoriasis.

Condition or disease  Intervention/treatment  Phase 

Psoriasis Drug: Ustekinumab

Drug: ABP 654

Phase 3

Detailed Description:

This is a multi-center study and will enroll approximately 480 participants.

After eligibility confirmation, all participants will be randomized in a 1:1 ratio into 2 treatment arms: continued
use of ustekinumab or multiple switches between ustekinumab and ABP 654 at Week 28. The randomization
will be stratified by prior biologic use for psoriasis (yes versus [vs] no) at baseline (Week 0), geographic region,
and baseline (Week 0) body weight.

All participants will receive an initial 3 doses of ustekinumab on Day 1 (Week 0), Week 4 and Week 16. At
Week 28, participants will be randomized to continue on ustekinumab or switching between ABP 654 and
ustekinumab every 12 weeks.

At Week 28, efficacy assessments will be conducted including evaluation of Psoriasis and Area Severity Index
(PASI). Participants who do not achieve PASI 50 response or better improvement at Week 28 will be
considered as run-in failures and will not be randomized at Week 28; these participants will complete End of
Study procedures at Week 28. The run-in period will occur from Day 1 until randomization at Week 28. Those
unable to complete the Week 28 visit or did not have a PASI assessment completed at Week 28 will be
discontinued from the study.

The total duration of study participation for each participant will be 68 weeks, with up to 4 weeks for screening
and 64 weeks after the first investigational product administration.

Study Design

Study Type  : Interventional  (Clinical Trial)
Actual Enrollment  : 494 participants

Allocation: Randomized
Intervention Model: Parallel Assignment

Masking: Double (Participant, Investigator)
Masking Description: The investigators, study personnel (with the exception of the Data

Monitoring Committee (DMC), and unblinded Parexel staff supporting
DMC activities and randomization list activities) and the study participants
will remain blinded to treatment allocation. ABP 654 and ustekinumab will
be coded and labeled in a manner that protects blinding.

Primary Purpose: Treatment
Official Title: A Multicenter, Randomized, Double-blinded Study Evaluating the

Go to  
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Pharmacokinetics, Efficacy and Safety of Multiple Switches Between
Ustekinumab and ABP 654 Compared With Continued Use of
Ustekinumab in Subjects With Moderate to Severe Plaque Psoriasis

Actual Study Start Date  : March 24, 2021
Estimated Primary Completion Date  : March 9, 2023

Estimated Study Completion Date  : March 9, 2023

Resource links provided by the National Library of Medicine

MedlinePlus related topics: Psoriasis

Drug Information available for: Ustekinumab

U.S. FDA Resources

Arms and Interventions

Arm  Intervention/treatment 

Active Comparator: Continued-use Group
(Ustekinumab)

Participants will receive subcutaneous injection of
ustekinumab up to Week 52.

Drug: Ustekinumab

Participants will receive subcutaneous (SC)
injection of ustekinumab.

Other Name: Stelara®

Experimental: Switching Group (Ustekinumab - ABP
654)

Participants will initially receive injection of
ustekinumab up to Week 16. Thereafter, starting
from Week 28, participants will switch between
ABP 654 and ustekinumab every 12 weeks up to
Week 52.

Drug: Ustekinumab

Participants will receive subcutaneous (SC)
injection of ustekinumab.

Other Name: Stelara®

Drug: ABP 654

Participants will receive SC injection of ABP 654.

Outcome Measures

Primary Outcome Measures  :

1. Area Under the Curve from Time 0 over the Dosing Interval (AUCtau) [ Time Frame: Week 52 (pre-dose
and post-dose) until Week 64 ]

Go to  

Go to  
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To evaluate AUCtau in participants with multiple switches between ustekinumab and ABP 654 compared
to participants receiving continued use of ustekinumab.

2. Maximum Concentration (Cmax) [ Time Frame: Week 52 (pre-dose and post-dose) until Week 64 ]

To evaluate Cmax in participants with multiple switches between ustekinumab and ABP 654 compared to
participants receiving continued use of ustekinumab.

Secondary Outcome Measures  :

1. Time of Maximum Concentration (tmax) [ Time Frame: Week 52 (pre-dose and post-dose) until Week 64 ]

To assess the tmax in participants with multiple switches between ABP 654 and ustekinumab
compared with participants receiving continued use of ustekinumab.

2. Trough Concentration at Steady State (Ctrough,ss) [ Time Frame: Week 28 (pre-dose and post-dose)
until Week 52 (pre-dose and post-dose) ]

To assess the Ctrough,ss in participants with multiple switches between ABP 654 and ustekinumab
compared with participants receiving continued use of ustekinumab.

3. Percent Improvement in PASI From Baseline to Week 64 [ Time Frame: Baseline (Day 1) until Week 64 ]

The PASI is a measure of the average redness (erythema), thickness (induration), and scaliness
(scaling); each graded on a 0-4 scale (0 = clear; 1-4= increasing severity) of the lesions, weighted by
the area of involvement in the four main body areas (i.e., head, arms, trunk to groin, and legs to top of
buttocks). The PASI score ranges from 0 to 72. The higher score represents the worse symptom
severity.

4. Percentage of Participants with PASI 75 Response at Week 64 [ Time Frame: Week 64 ]

Reduction in disease as measured by PASI score. The PASI 75 response is a 75% or greater
improvement (reduction in disease [PASI 75]) from baseline in PASI score. The PASI is a measure of
the average redness (erythema), thickness (induration), and scaliness (scaling; each graded on a 0-4
scale (0 = clear; 1-4= increasing severity) of the lesions, weighted by the area of involvement in the
four main body areas (i.e., head, arms, trunk to groin, and legs to top of buttocks). The PASI score
ranges from 0 to 72. The higher score represents the worse symptom severity.

5. Percentage of Participants with PASI 100 Response at Week 64 [ Time Frame: Week 64 ]

Reduction in disease as measured by PASI score. The PASI 100 response is a 100% improvement
(reduction in disease [PASI 100]) from baseline in PASI score. The PASI is a measure of the average
redness (erythema), thickness (induration), and scaliness (scaling; each graded on a 0-4 scale (0 =
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clear; 1-4= increasing severity) of the lesions, weighted by the area of involvement in the four main
body areas (i.e., head, arms, trunk to groin, and legs to top of buttocks). The PASI score ranges from 0
to 72. The higher score represents the worse symptom severity.

6. Number of Participants With Treatment Emergent Adverse Events and Serious Adverse Events
[ Time Frame: Week 28 until Week 64 ]

To assess the safety in participants with multiple switches between ABP 654 and ustekinumab
compared with participants receiving continued use of ustekinumab.

7. Number of Participants With Events of Interest [ Time Frame: Week 28 until Week 64 ]

To assess the safety in participants with multiple switches between ABP 654 and ustekinumab
compared with participants receiving continued use of ustekinumab.

8. Number of Participants With Positive Anti-drug Antibodies to ABP 654 [ Time Frame: Week 28 until Week
64 (Pre-dose) ]

To assess the immunogenicity in participants with multiple switches between ABP 654 and
ustekinumab compared with participants receiving continued use of ustekinumab.

Eligibility Criteria

Information from the National Library of Medicine

Choosing to participate in a study is an important personal decision. Talk with your
doctor and family members or friends about deciding to join a study. To learn more
about this study, you or your doctor may contact the study research staff using the
contacts provided below. For general information, Learn About Clinical Studies.

Ages Eligible for Study:  18 Years to 75 Years   (Adult, Older Adult)
Sexes Eligible for Study:  All

Accepts Healthy Volunteers:  No

Criteria

Inclusion Criteria:

Participant has stable moderate to severe plaque psoriasis for at least 6 months

Go to  
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Participant has a score of PASI ≥ 12, involvement of ≥ 10% body surface area and static Physician Global
Assessment ≥ 3 at screening and at baseline

Participant is a candidate for phototherapy or systemic therapy

Participant has previous failure, inadequate response, intolerance, or contraindication to at least 1
conventional antipsoriatic systemic therapy

Female participant should have a negative serum pregnancy test during screening and a negative urine
pregnancy test at baseline

Participant or legally acceptable representative is capable of giving signed Institutional Review Board
(IRB)/Independent Ethics Committee (IEC) informed consent

Participant has no known history of latent or active tuberculosis

Participant with a positive purified protein derivative (PPD) test and a history of Bacillus Calmette-Guérin
(BCG) vaccination is allowed with a negative Quantiferon/T-spot test

Participant with a positive PPD test or participant with a positive or indeterminate Quantiferon/T-spot test is
allowed if he/she has all the following:

No symptoms per tuberculosis worksheet provided by the sponsor, Amgen Inc.

Documented history of adequate prophylaxis initiation prior to receiving investigational product in
accordance with local recommendations

No known exposure to a case of active tuberculosis after most recent prophylaxis

No evidence of active tuberculosis on chest radiograph within 3 months prior to the first dose of
investigational product

Exclusion Criteria:

Participant has erythrodermic psoriasis, pustular psoriasis, guttate psoriasis, medication induced psoriasis,
or other skin conditions at the time of screening (eg, eczema) that would interfere with evaluations of the
effect of investigational product of psoriasis

Participant has an active infection or history of infections

Participant has uncontrolled, clinically significant systemic disease, such as uncontrolled diabetes mellitus,
cardiovascular disease, renal disease, liver disease, or hypertension

Participant has a mean QT internal or abnormal long QT syndrome corrected using Fridericia's formula
(QTcF) of > 450 msec (for male participant) or > 470 msec (for female participant) at baseline that, in the
opinion of the Investigator, is abnormal or clinically significant

Participant has moderate to severe heart failure (New York Heart Associate class III/IV)

Participant has known hypersensitivity to the investigational product or to any of the excipients

Participant has laboratory abnormalities at screening

Participant has had previous treatment with any agent specifically targeting interleukin (IL)-12 or IL-23
within 1 year prior to enrollment

Participant has received biologic treatment for psoriasis within the previous month or 5 drug half-lives
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(whichever is longer) prior to enrollment

Participant has received any investigational agents within the previous month or 5 half-lives (whichever is
longer) prior to enrollment

Participant has received non-biologic systemic psoriasis therapy within 4 weeks prior to enrollment

Participant has received ultraviolet A phototherapy (with or without psoralen) or excimer laser within 4
weeks prior to enrollment, or ultraviolet B phototherapy within 2 weeks prior to enrollment

Participant has received topical psoriasis treatment within 2 weeks prior to enrollment

Participant has received other investigational procedures within 4 weeks prior to enrollment and during the
course of the study

Female participant is pregnant or breastfeeding or planning to become pregnant while participating in the
study and for at least 5 months after the last dose of investigational product

Sexually active participants and their partners who are of childbearing potential and not agreeing to use
adequate protocol defined contraception methods while participating in the study and for 5 months after the
last dose of investigational product

Contacts and Locations

Information from the National Library of Medicine

To learn more about this study, you or your doctor may contact the study research
staff using the contact information provided by the sponsor.

Please refer to this study by its ClinicalTrials.gov identifier (NCT number):
NCT04761627

Locations

 Show 88 study locations

Sponsors and Collaborators

Amgen

Investigators

Study Director: MD Amgen

More Information

Additional Information:

Go to  

Go to  
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AmgenTrials clinical trials website  

Responsible Party: Amgen
ClinicalTrials.gov Identifier: NCT04761627     History of Changes
Other Study ID Numbers: 20200417 

2020-005205-42 ( EudraCT Number )
First Posted: February 21, 2021    Key Record Dates
Last Update Posted: November 7, 2022
Last Verified: November 2022

Individual Participant Data (IPD) Sharing Statement:
Plan to Share IPD: Yes
Plan Description: De-identified individual patient data for variables necessary to address the specific

research question in an approved data sharing request
Supporting Materials: Study Protocol

Statistical Analysis Plan (SAP)
Informed Consent Form (ICF)
Clinical Study Report (CSR)

Time Frame: Data sharing requests relating to this study will be considered beginning 18 months
after the study has ended and either 1) the product and indication have been
granted marketing authorization in both the US and Europe or 2) clinical
development for the product and/or indication discontinues and the data will not be
submitted to regulatory authorities. There is no end date for eligibility to submit a
data sharing request for this study.

Access Criteria: Qualified researchers may submit a request containing the research objectives, the
Amgen product(s) and Amgen study/studies in scope, endpoints/outcomes of
interest, statistical analysis plan, data requirements, publication plan, and
qualifications of the researcher(s). In general, Amgen does not grant external
requests for individual patient data for the purpose of re-evaluating safety and
efficacy issues already addressed in the product labelling. Requests are reviewed
by a committee of internal advisors. If not approved, a Data Sharing Independent
Review Panel will arbitrate and make the final decision. Upon approval, information
necessary to address the research question will be provided under the terms of a
data sharing agreement. This may include anonymized individual patient data
and/or available supporting documents, containing fragments of analysis code
where provided in analysis specifications. Further details are available at the URL
below.

URL: http://www.amgen.com/datasharing

Studies a U.S. FDA-regulated Drug Product: Yes
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Studies a U.S. FDA-regulated Device Product: No

Keywords provided by Amgen:
Psoriasis
Biosimilar
Psoriasis area and severity index
Ustekinumab

Skin Diseases
Dermatologic Agents
Papulosquamous

Additional relevant MeSH terms:
Psoriasis
Skin Diseases, Papulosquamous
Skin Diseases
Ustekinumab
Dermatologic Agents

TO TOP

For Patients and Families  For Researchers  For Study Record Managers

HOME  RSS FEEDS  SITE MAP  TERMS AND CONDITIONS  DISCLAIMER  CUSTOMER SUPPORT

Copyright  Privacy  Accessibility  Viewers and Players  Freedom of Information Act  USA.gov  HHS Vulnerability Disclosure

U.S. National Library of Medicine  U.S. National Institutes of Health  U.S. Department of Health and Human Services
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August 4, 2022

Q2 ’22 EARNINGS CALL
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Provided August 4, 2022, as part of an oral presentation and is qualified by 
such, contains forward-looking statements, actual results may vary 
materially; Amgen disclaims any duty to update.

SAFE HARBOR STATEMENT
This presentation contains forward-looking statements that are based on management’s current expectations and beliefs and are subject to a number of risks, uncertainties and assumptions that could cause actual results to differ materially
from those described. All statements, other than statements of historical fact, are statements that could be deemed forward-looking statements, including any statements on the outcome, benefits and synergies of collaborations, or potential
collaborations, with any other company, (including BeiGene, Ltd., Kyowa-Kirin Co., Ltd., or any collaboration to manufacture therapeutic antibodies against COVID-19), the performance of Otezla® (apremilast) (including anticipated Otezla sales
growth and the timing of non-GAAP EPS accretion), the Five Prime Therapeutics, Inc. acquisition, or the Teneobio, Inc. acquisition, or the recently announced proposed acquisition of ChemoCentryx, Inc., as well as estimates of revenues,
operating margins, capital expenditures, cash, other financial metrics, expected legal, arbitration, political, regulatory or clinical results or practices, customer and prescriber patterns or practices, reimbursement activities and outcomes,
effects of pandemics or other widespread health problems such as the ongoing COVID-19 pandemic on our business, outcomes progress, and other such estimates and results. Forward-looking statements involve significant risks and
uncertainties, including those discussed below and more fully described in the Securities and Exchange Commission (SEC) reports filed by Amgen, including Amgen’s most recent annual report on Form 10-K and any subsequent periodic
reports on Form 10-Q and current reports on Form 8-K. Please refer to Amgen’s most recent Forms 10-K, 10-Q and 8-K for additional information on the uncertainties and risk factors related to our business. Unless otherwise noted, Amgen is
providing this information as of August 4, 2022 and expressly disclaims any duty to update information contained in this presentation.

No forward-looking statement can be guaranteed and actual results may differ materially from those we project. Our results may be affected by our ability to successfully market both new and existing products domestically and internationally,
clinical and regulatory developments involving current and future products, sales growth of recently launched products, competition from other products including biosimilars, difficulties or delays in manufacturing our products and global
economic conditions. In addition, sales of our products are affected by pricing pressure, political and public scrutiny and reimbursement policies imposed by third-party payers, including governments, private insurance plans and managed
care providers and may be affected by regulatory, clinical and guideline developments and domestic and international trends toward managed care and healthcare cost containment. Furthermore, our research, testing, pricing, marketing and
other operations are subject to extensive regulation by domestic and foreign government regulatory authorities. We or others could identify safety, side effects or manufacturing problems with our products, including our devices, after they are
on the market. Our business may be impacted by government investigations, litigation and product liability claims. In addition, our business may be impacted by the adoption of new tax legislation or exposure to additional tax liabilities. If we fail
to meet the compliance obligations in the corporate integrity agreement between us and the U.S. government, we could become subject to significant sanctions. Further, while we routinely obtain patents for our products and technology, the
protection offered by our patents and patent applications may be challenged, invalidated or circumvented by our competitors, or we may fail to prevail in present and future intellectual property litigation. We perform a substantial amount of our
commercial manufacturing activities at a few key facilities, including in Puerto Rico, and also depend on third parties for a portion of our manufacturing activities, and limits on supply may constrain sales of certain of our current products and
product candidate development. An outbreak of disease or similar public health threat, such as COVID-19, and the public and governmental effort to mitigate against the spread of such disease, could have a significant adverse effect on the
supply of materials for our manufacturing activities, the distribution of our products, the commercialization of our product candidates, and our clinical trial operations, and any such events may have a material adverse effect on our product
development, product sales, business and results of operations. We rely on collaborations with third parties for the development of some of our product candidates and for the commercialization and sales of some of our commercial products.
In addition, we compete with other companies with respect to many of our marketed products as well as for the discovery and development of new products. Discovery or identification of new product candidates or development of new
indications for existing products cannot be guaranteed and movement from concept to product is uncertain; consequently, there can be no guarantee that any particular product candidate or development of a new indication for an existing
product will be successful and become a commercial product. Further, some raw materials, medical devices and component parts for our products are supplied by sole third-party suppliers. Certain of our distributors, customers and payers
have substantial purchasing leverage in their dealings with us. The discovery of significant problems with a product similar to one of our products that implicate an entire class of products could have a material adverse effect on sales of the
affected products and on our business and results of operations. Our efforts to collaborate with or acquire other companies, products or technology, and to integrate the operations of companies or to support the products or technology we
have acquired, may not be successful. A breakdown, cyberattack or information security breach could compromise the confidentiality, integrity and availability of our systems and our data. Our stock price is volatile and may be affected by a
number of events. Our business and operations may be negatively affected by the failure, or perceived failure, of achieving our environmental, social and governance objectives. The effects of global climate change and related natural disasters
could negatively affect our business and operations. Global economic conditions may magnify certain risks that affect our business. Our business performance could affect or limit the ability of our Board of Directors to declare a dividend or
our ability to pay a dividend or repurchase our common stock. We may not be able to access the capital and credit markets on terms that are favorable to us, or at all.

The information relating to our Q2 results is expressly limited to information through June 30, 2022, and future results are subject to the effects of the ongoing COVID-19 pandemic on our business, including disruptions and effects on our
product sales, and extrapolation on such results should include the timing and effects of the COVID-19 pandemic discussed in our oral presentation and our Form 10-Q for the period ended June 30, 2022.

This presentation includes GAAP and non-GAAP financial measures. In accordance with the requirements of SEC Regulation G, reconciliations between these two measures, if these slides are in hard copy, accompany the hard copy
presentation or, if these slides are delivered electronically, are available on the Company's website at www.amgen.com within the Investors section.
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Introduction Arvind Sood

Opening Remarks Bob Bradway

Q2 ’22 Business Results and Outlook Peter Griffith

Global Commercial Update Murdo Gordon

Research & Development Update David Reese

Q&A All

AGENDA
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• Ongoing strong execution of our volume-driven growth strategy
• Robust launches continue, with growing global LUMAKRAS® 

presence and accelerating TEZSPIRE® uptake
• Tight operating expense control while investing in growth 

opportunities
• Robust pipeline of advancing first-in-class opportunities, with 

multiple data read-outs expected this year
• Strong balance sheet and significant cash flow generation provides 

flexibility for investment in external innovation

WE CONTINUED TO EXECUTE EFFECTIVELY IN Q2 2022
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$ Millions, Except Non-GAAP EPS

All income statement items for Q2 ’22 and/or Q2 ’21, except revenue and average shares, are non-GAAP financial measures—if this slide is in hard copy, see reconciliations accompanying the presentation, or if this slide is delivered electronically, see 
reconciliations available at: www.amgen.com within the Investors section. Beginning January 1, 2022, the Company's non-GAAP financial measures no longer exclude adjustments for upfront license fees, development milestones and IPR&D expenses 
of pre-approval programs related to licensing, collaboration and asset acquisition transactions. For purposes of comparability, the non-GAAP financial results for the second quarter of 2021 have been updated to reflect this change.

Item Q2 ’22 Q2 ’21 B/(W) %
Revenue $6,594 $6,526 1%

Product Sales 6,281 6,114 3%
Other Revenues 313 412 (24%)

Non-GAAP Operating Expenses 3,259 4,920 34%
Cost of Sales % of product sales 926 14.7% 1,034 16.9% 10%
R&D % of product sales 1,020 16.2% 1,036 16.9% 2%
SG&A % of product sales 1,313 20.9% 1,345 22.0% 2%
IPR&D % of product sales — —% 1,505 24.6% NM

Non-GAAP Operating Income % of product sales 3,335 53.1% 1,606 26.3% *
Other Income/(Expense) (410) (227) (81%)

Non-GAAP Net Income $2,495 $1,017 *
Non-GAAP EPS $4.65 $1.77 *

Average Shares (millions) 537 576 7%
Non-GAAP Tax Rate 14.7% 26.3% 11.6 pts.

Q2 2022 FINANCIAL RESULTS

* Change in excess of 100%
NM – Not meaningful
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$ Billions, Except Dividends Paid Per Share
Cash Flow Data Q2 ’22 Q2 ’21
Capital Expenditures $0.2 $0.2

Free Cash Flow* 1.7 1.7

Share Repurchases — 1.6

YoY Dividend Increase 10% 10%

Dividends Paid Per Share $1.94 $1.76

Balance Sheet Data 6/30/22 12/31/21
Cash and Investments $7.2 $8.0

Debt Outstanding 36.5 33.3

*Non-GAAP financial measure—if this slide is in hard copy, see reconciliations accompanying the presentation, or if this slide is delivered electronically, see 
reconciliations available at: www.amgen.com within the Investors section.

STRONG BALANCE SHEET WITH FREE CASH FLOW OF 
$1.7B IN Q2 2022
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*Non-GAAP financial measure—if this slide is in hard copy, see reconciliations accompanying the presentation, or if this slide is delivered electronically, or amounts 
pertain to previously issued financial guidance, see reconciliations available at: www.amgen.com within the Investors section

Guidance Comments

Revenue $25.5B–$26.4B Revised from
$25.4B–$26.5B

Non-GAAP EPS* $17.00–$18.00 Unchanged

Non-GAAP Tax Rate* 14.0%–15.0% Revised from 
13.5%–14.5%

Capital Expenditures ~$950M Unchanged

2022 GUIDANCE
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$ Millions, Net Sales Q2 ’22 Q2 ’21 YoY 
U.S. ROW Total Total Total

Prolia® 611 311 922 814 13%
EVENITY® 130 61 191 131 46%
Repatha® 154 171 325 286 14%
Aimovig® 88 4 92 82 12%
TEZSPIRE® 29 — 29 — NM
Otezla® 487 107 594 534 11%
Enbrel® 1,036 15 1,051 1,144 (8%)
AMGEVITA™ — 116 116 107 8%
LUMAKRAS®/LUMYKRAS™ 51 26 77 9 *
KYPROLIS® 213 104 317 280 13%
XGEVA® 391 142 533 488 9%
Vectibix® 96 111 207 239 (13%)
Nplate® 156 128 284 245 16%
BLINCYTO® 77 62 139 108 29%
MVASI® 161 82 243 294 (17%)
KANJINTI® 69 16 85 156 (46%)
Neulasta® 263 47 310 486 (36%)
NEUPOGEN® 21 16 37 51 (27%)
EPOGEN® 136 — 136 130 5%
Aranesp® 132 225 357 367 (3%)
Parsabiv® 71 32 103 71 45%
Sensipar®/Mimpara™ 5 15 20 24 (17%)
Other products** 69 44 113 68 66%
Total Product Sales $4,446 $1,835 $6,281 $6,114 3%
Total Revenue $6,594 $6,526 1%

* Change in excess of 100%
**Other products includes Corlanor®, AVSOLA®, IMLYGIC® and RIABNITM , as well as sales by GENSENTA and Bergamo subsidiaries. 
NM – Not meaningful

Q2 ’22 GLOBAL COMMERCIAL UPDATE
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$ Millions, Net Sales Q2 ’22 Highlights

• Foreign exchange unfavorably 
impacted product sales by 2% YoY 

• Continued to execute our volume 
driven growth strategy

• Delivered double-digit volume growth 
for a number of products, including 
Repatha®, Prolia®, 
LUMAKRAS®/LUMYKRAS™, EVENITY®, 
KYPROLIS®, AMGEVITA™, BLINCYTO®,  
MVASI® and Nplate®

Q2 ’22 YoY QoQ
Total Change 3% 10%

Units 10% 8%
Inventory 0% 3%

Note: Inventory represents wholesaler and, based on prescription data for Otezla® and Enbrel®, end-user inventories

ROW
U.S.

Q2 ’22 PRODUCT SALES INCREASED 3%, WITH STRONG 
VOLUME GROWTH OF 10%
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Q2 ’22 YoY QoQ
Total Change 13% 8%

Units 12% 8%
Inventory (1%) 0%

$ Millions, Net Sales Q2 ’22 Highlights

• YoY sales increased 13%, primarily 
driven by 12% volume growth ROW

U.S.

PROLIA® HAD RECORD QUARTERLY SALES IN Q2

Note: Inventory represents wholesaler inventories
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Q2 ’22 Highlights
Q2 ’22 YoY QoQ

Total Change 46% 12%
Units 51% 16%

Inventory 0% 1%

$ Millions, Net Sales

Note: Inventory represents wholesaler inventories
EVENITY® is developed and commercialized in collaboration with UCB globally, as well as our collaboration partner Astellas in Japan

• YoY sales increased 46%, driven by 
volume growth

• U.S. sales increased 65% YoY, driven by 
60% volume growth

• Ex-U.S. sales grew 17%, driven by 37% 
volume growth, partially offset by foreign 
exchange impact

ROW
U.S.

EVENITY® HAD RECORD QUARTERLY SALES IN Q2
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Q2 ’22 Highlights

*Net selling price represents the impact of list price changes as well as contracting and access changes
Note: Inventory represents wholesaler inventories

• YoY sales increased 14%, driven by 55% 
volume growth, partially offset by lower 
net selling price*

• U.S. sales grew 8%, driven by 38% volume 
growth, partially offset by lower net 
selling price*

• Ex-U.S. sales grew 20%

Q2 ’22 YoY QoQ
Total Change 14% (1%)

Units 55% 10%
Inventory 0% 0%

$ Millions, Net Sales

ROW
U.S.

REPATHA® VOLUME GREW 55% YOY
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Q2 ’22 Highlights$ Millions, Net Sales

• YoY sales increased 12%, primarily 
driven by higher net selling price*, 
partially offset by a 11% decline in 
volume

Q2 ’22 YoY QoQ
Total Change 12% (9%)

Units (11%) 0%
Inventory (5%) (4%)U.S.

AIMOVIG® SALES INCREASED 12% YOY

ROW

4
3

2
2

*Net selling price represents the impact of list price changes as well as contracting and access changes
Note: Inventory represents wholesaler inventories
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Q2 ’22 Highlights

• Strong adoption by both allergists and 
pulmonologists

• Healthcare providers acknowledge the 
unique, differentiated profile of 
TEZSPIRE® and its potential to treat 
2.5 million patients worldwide with 
severe asthma who are uncontrolled 
or biologic eligible, without any 
phenotypic and biomarker limitation

STRONG LAUNCH OF TEZSPIRE® CONTINUED IN Q2

Note: Inventory represents wholesaler inventories
TEZSPIRE® is developed in collaboration with AstraZeneca

Q2 ’22 QoQ
Total Change 314%

Units 297%
Inventory 16%

ROW
U.S.

Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 98 of 557 PageID #: 9015



17
Provided August 4, 2022, as part of an oral presentation and is qualified by 
such, contains forward-looking statements, actual results may vary 
materially; Amgen disclaims any duty to update.

$ Millions, Net Sales Q2 ’22 Highlights

• YoY sales increased 11%, driven by 8% 
volume growth and favorable changes 
to estimated sales deductions, partially 
offset by lower net selling price* 

• In the U.S., total prescription (TRx) 
volumes grew 12% YoY and new-to-
brand prescriptions (NBRx) grew 18% 
YoY, supported by broader adoption of 
Otezla® among patients with mild-to-
moderate psoriasis

ROW
U.S.

OTEZLA® SALES INCREASED 11% YOY

Q2 ’22 YoY QoQ
Total Change 11% 32%

Units 8% 8%
Inventory 0% 9%

*Net selling price represents the impact of list price changes as well as contracting and access changes
Note: Inventory represents wholesaler inventories
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$ Millions, Net Sales Q2 ’22 Highlights
Q2 ’22 YoY QoQ

Total Change (8%) 22%
Units (3%) 3%

Inventory 2% 8%

• YoY sales decreased 8%, primarily driven 
by lower net selling price* and 3% volume 
decline 

• Continued YoY net selling price* decline is 
expected, driven by increased competition

ROW
U.S.

ENBREL®’S ESTABLISHED RECORD OF SAFETY AND 
EFFICACY CONTINUED TO SERVE PATIENTS

31
26

26

19
15

*Net selling price represents the impact of list price changes as well as contracting and access changes
Note: Inventory represents wholesaler inventories
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Q2 ’22 Highlights
Q2 ’22 YoY QoQ

Total Change 8% 7%
Units 32% 14%

Inventory 0% 0%

$ Millions, Net Sales

• YoY sales increased 8%, driven by 32% 
volume growth, partially offset by  
foreign exchange impact and lower net 
selling price* resulting from increased 
competition

ROW (ex U.S.)

AMGEVITA™ CONTINUED TO BE THE MOST 
PRESCRIBED ADALIMUMAB BIOSIMILAR IN EUROPE

*Net selling price represents the impact of list price changes as well as contracting and access changes
Note: Inventory represents wholesaler inventories
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Q2 ’22 Highlights

• In the U.S., LUMAKRAS® has been 
prescribed to over 3,000 patients by over 
1,900 physicians in both academic and 
community settings

• Outside the U.S., LUMYKRAS™ is now 
approved in over 40 countries; we are 
actively launching in 25 markets and 
pursuing reimbursement in the remaining 
countries

LUMAKRAS®/LUMYKRAS™ NOW APPROVED IN 
OVER 40 COUNTRIES

Q2 ’22 QoQ
Total Change 24%

Units 22%
Inventory 4%

ROW
U.S.

5
3

Note: Inventory represents wholesaler inventories
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$ Millions, Net Sales Q2 ’22 Highlights

• YoY sales increased 13%, driven by 19% 
volume growth, partially offset by lower 
net selling price*

Q2 ’22 YoY QoQ
Total Change 13% 10%

Units 19% 7%
Inventory 0% 2%

ROW

KYPROLIS® HAD RECORD QUARTERLY SALES IN Q2

U.S.

*Net selling price represents the impact of list price changes as well as contracting and access changes
Note: Inventory represents wholesaler inventories
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$ Millions, Net Sales
Q2 ’22 YoY QoQ

Total Change 9% 6%
Units 0% 4%

Inventory 0% 3%

Q2 ’22 Highlights

• YoY sales increased 9%, driven by 
higher net selling price* and favorable 
changes to estimated sales deductions

• Volume remained flat YoY in the 
second quarter 

ROW

XGEVA® SALES GREW 9% IN Q2

U.S.

*Net selling price represents the impact of list price changes as well as contracting and access changes
Note: Inventory represents wholesaler inventories
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$ Millions, Net Sales Q2 ’22 Highlights
Q2 ’22 YoY QoQ

Total Change (13%) 3%
Units (11%) 4%

Inventory 0% 2%

Note: Inventory represents wholesaler inventories

• In the U.S., sales grew 4% YoY, driven 
by volume growth

• YoY sales decreased 13%, driven by 
timing of shipments to Takeda, our 
partner in Japan, in the second 
quarter of 2021

ROW
U.S.

VECTIBIX® SALES DECREASED 13% IN Q2
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$ Millions, Net Sales Q2 ’22 Highlights
Q2 ’22 YoY QoQ

Total Change 16% 7%
Units 11% 7%

Inventory (2%) 0%

• YoY sales increased 16%, primarily 
driven by 11% volume growth and 
higher net selling price*

ROW
U.S.

NPLATE® HAD RECORD QUARTERLY SALES IN Q2

*Net selling price represents the impact of list price changes as well as contracting and access changes
Note: Inventory represents wholesaler inventories
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$ Millions, Net Sales Q2 ’22 Highlights
Q2 ’22 YoY QoQ

Total Change 29% 1%
Units 30% 6%

Inventory (1%) (2%)

• YoY sales increased 29%, driven by 
volume growth

• Only approved bispecific T-cell 
engager (BiTE®) immunotherapy

ROW
U.S.

BLINCYTO® HAD RECORD QUARTERLY SALES IN Q2

Note: Inventory represents wholesaler inventories
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Q2 ’22 Highlights
Q2 ’22 YoY QoQ

Total Change (17%) 0%
Units 10% 9%

Inventory 1% 2%

$ Millions, Net Sales

• YoY sales decreased 17%, driven by lower 
net selling price*, partially offset by 10% 
volume growth

• Continued net selling price* erosion and 
declining volume expected due to 
increased competition and continued 
Average Selling Price (ASP) erosion

ROW
U.S.

MVASI® CONTINUED TO BE THE MARKET LEADER 
WITHIN THE U.S. BEVACIZUMAB SEGMENT

*Net selling price represents the impact of list price changes as well as contracting and access changes
Note: Inventory represents wholesaler inventories
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Q2 ’22 Highlights
Q2 ’22 YoY QoQ

Total Change (46%) (11%)
Units (7%) 7%

Inventory (1%) 0%

$ Millions, Net Sales

• YoY sales decreased 46%, primarily 
driven by declines in net selling price* 
and volume

• Continued net selling price* 
deterioration and volume declines 
expected due to increased competition 
and continued Average Selling Price 
(ASP) erosion

ROW
U.S.

KANJINTI® CONTINUED TO BE THE MARKET LEADER 
WITHIN THE U.S. TRASTUZUMAB SEGMENT

*Net selling price represents the impact of list price changes as well as contracting and access changes
Note: Inventory represents wholesaler inventories
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$ Millions, Net Sales Q2 ’22 Highlights
• Includes Neulasta®, NEUPOGEN®, 

EPOGEN®, Aranesp®, Parsabiv®, and 
Sensipar®/Mimpara™

• YoY sales decreased 15%, primarily 
driven by lower net selling price* 

• In the aggregate, expect the year-over-
year net selling price* and volume 
erosion for this portfolio of products to 
continue

Q2 ’22 YoY QoQ
Total Change (15%) (1%)

Units (1%) 6%
Inventory 1% 1%

ROW
U.S.

ESTABLISHED PRODUCTS GENERATED $963M OF Q2 SALES 
AND CONTINUED TO DELIVER STRONG CASH FLOWS

*Net selling price represents the impact of list price changes as well as contracting and access changes
Note: Inventory represents wholesaler inventories
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TSLP = thymic stromal lymphopoietin; TEZSPIRE® is being developed in collaboration with AstraZeneca

Q2 ’22 EARNINGS CALL—R&D UPDATE
Inflammation
• Otezla® (apremilast)

– The primary and secondary endpoints of the SPROUT study, an international Phase 3, multi-center, 
randomized, double-blind, placebo-controlled study evaluating Otezla® in pediatric patients (ages 6 
through 17) with moderate to severe pediatric plaque psoriasis, have been successfully met. 

– No new safety signals were identified and the overall treatment-emergent adverse event profile during 
the placebo-controlled phase of the study was consistent with the known safety profile of Otezla®.  

– The trial will continue to completion and final analysis, expected in 2023.
• TEZSPIRE® (Tezepelumab-ekko) – monoclonal antibody targeting TSLP

– In July, TEZSPIRE® was recommended for approval in the European Union by the Committee for 
Medicinal Products for Human Use for severe asthma.

– In July, Health Canada approved TEZSPIRE® for the add-on maintenance treatment of adult and 
adolescents 12 years and older with severe asthma.  

– In July, the Brazilian National Health Surveillance Agency (ANVISA) approved TEZSPIRE® as an add-on 
maintenance treatment in patients with severe asthma aged 12 years and older.

– Regulatory reviews continue in other jurisdictions.
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Q2 ’22 EARNINGS CALL—R&D UPDATE
Inflammation (continued)
TEZSPIRE® (Tezepelumab-ekko) – monoclonal antibody targeting TSLP (continued)

– The PASSAGE Phase 4 real-world effectiveness study and the WAYFINDER Phase 3b study are 
enrolling patients with severe asthma.

– The SUNRISE Phase 3 study, designed to assess the efficacy and safety of TEZSPIRE® in reducing oral 
corticosteroid use in adults with oral corticosteroid dependent asthma, was initiated.

– A Phase 3 study continues to enroll patients with chronic rhinosinusitis with nasal polyps.
– Planning is underway for a Phase 3 study in patients with eosinophilic esophagitis.
– A Phase 2b study in patients with chronic spontaneous urticaria is fully enrolled with data readout 

anticipated in H1-2023.
– A Phase 2 study continues to enroll patients with chronic obstructive pulmonary disease.

TSLP = thymic stromal lymphopoietin; TEZSPIRE® is being developed in collaboration with AstraZeneca
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ICOSL = inducible T-cell costimulatory ligand; BAFF = B-cell activating factor; SLE = systemic lupus erythematosus; IL-2 = interleukin-2; IL-15 = interleukin-15
Rocatinlimab is being developed in collaboration with Kyowa Kirin; Ordesekimab is being developed in collaboration with Provention Bio

Q2 ’22 EARNINGS CALL—R&D UPDATE
Inflammation (continued)

• Rocatinlimab (AMG 451 / KHK4083) – monoclonal antibody targeting OX40
– The ROCKET Phase 3 program evaluating rocatinlimab in patients with moderate to severe atopic 

dermatitis was initiated in June.  Following additional discussions with regulators and our partner, we 
are amending the studies to further improve patient convenience and investigate a range of doses.  No 
safety or efficacy issues have arisen. 

• Rozibafusp alfa (AMG 570) – antibody-peptide conjugate that blocks ICOSL and BAFF 
– A Phase 2b study continues to enroll patients with SLE.

• Efavaleukin alfa (AMG 592) – IL-2 mutein Fc fusion protein
– A Phase 2b study continues to enroll patients with SLE.
– A Phase 2b study continues to enroll patients with ulcerative colitis.

• Ordesekimab (AMG 714 / PRV-015) – monoclonal antibody targeting IL-15
– A Phase 2b study continues to enroll patients with non-responsive celiac disease. 
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Oncology / Hematology
• LUMAKRAS® / LUMYKRAS™ (sotorasib)

– In June, data were presented at ASCO where investigators evaluated patterns of resistance to LUMAKRAS®

in patients with NSCLC and CRC at disease progression. These and other data continue to guide the 
LUMAKRAS® clinical development program.

– Planning to initiate a Phase 3 study of LUMAKRAS® plus chemotherapy in first-line KRAS G12C mutant and 
PD-L1 negative advanced / metastatic NSCLC.  

– Initial data exploring LUMAKRAS® in combination with immunotherapy in patients with KRAS G12C-mutated 
NSCLC will be presented on August 7th at WCLC.

– Initial data exploring LUMAKRAS® in combination with the SHP2 inhibitor RMC-4630 from Revolution 
Medicines in patients with KRAS G12C-mutated NSCLC will be presented on August 7th at WCLC. This 
combination was safe and well tolerated, with promising and durable clinical activity in patients with 
NSCLC, most notably in those who were KRAS G12C inhibitor-naïve.

ASCO = American Society of Clinical Oncology; NSCLC = non-small cell lung cancer; CRC = colorectal cancer; KRAS = Kirsten Rat Sarcoma; PD-L1 = programmed death-
ligand 1; WCLC= International Association for the Study of Lung Cancer World Conference on Lung Cancer; SHP2 = Src homology region 2-containing protein tyrosine 
phosphatase 2 

Q2 ’22 EARNINGS CALL—R&D UPDATE
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Oncology / Hematology (continued)

• LUMAKRAS® / LUMYKRAS™ (sotorasib) (continued)
– Top-line results from the event-driven, confirmatory Phase 3 study comparing LUMAKRAS® to docetaxel in 

patients with KRAS G12C-mutated advanced NSCLC are expected in Q3-2022.
– Top-line results from a study comparing the 960 mg/day dose of LUMAKRAS® with a lower dose of 240 

mg/day in patients with KRAS G12C-mutated advanced NSCLC are expected in Q4-2022.
• A Phase 2 study in first-line patients with KRAS G12C-mutated NSCLC whose tumors express STK11 

mutations and/or less than 1% PD-L1 is ongoing.
– A Phase 3 study of LUMAKRAS® in combination with Vectibix® in third-line KRAS G12C-mutated CRC 

continues to enroll.
– Data from the full dose expansion Phase 1b study of LUMAKRAS® in combination with Vectibix® in 

refractory KRAS G12C-mutated CRC were accepted for presentation at the European Society for Medical 
Oncology Congress taking place in September.

KRAS = Kirsten Rat Sarcoma; NSCLC = non-small cell lung cancer; STK11 = serine/threonine kinase 11; PD-L1 = programmed death-ligand 1; CRC = colorectal cancer

Q2 ’22 EARNINGS CALL—R&D UPDATE
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Oncology / Hematology (continued)

• Vectibix® – monoclonal antibody targeting EGFR
– In June, the Company and its partner Takeda Pharmaceutical Company presented data from the Phase 3 

PARADIGM clinical trial of Vectibix® in Japanese patients with previously untreated unresectable wild-type RAS 
metastatic CRC at the ASCO annual meeting.

– The mFOLFOX6 + Vectibix® combination provides a statistically significant improvement in overall survival over 
the mFOLFOX6 + bevacizumab combination in patients with a left-sided primary tumor or regardless of tumor 
locations.

• Bemarituzumab – monoclonal antibody targeting FGFR2b
– The final analysis of the FIGHT study, a Phase 2 randomized, double-blind, controlled study evaluating 

bemarituzumab and mFOLFOX6 in patients with previously untreated advanced gastric and gastroesophageal 
junction cancer was completed.

– Results continued to demonstrate that bemarituzumab + mFOLFOX6 improves the clinical outcome of 
patients with FGFR2b expressing tumors with no new safety concerns.

– A greater survival benefit was observed with increasing FGFR2b expression levels.

EGFR = epidermal growth factor receptor; CRC = colorectal cancer; ASCO = American Society of Clinical Oncology; mFOLFOX6 = Levofolinic acid, 
5-Fluorouracil [5-FU] and oxaliplatin; FGFR2b = fibroblast growth factor receptor 2b

Q2 ’22 EARNINGS CALL—R&D UPDATE
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Oncology / Hematology (continued)

• Bemarituzumab – monoclonal antibody targeting FGFR2b (continued)
• A Phase 3 study (FORTITUDE-101) of bemarituzumab plus chemotherapy, versus placebo plus 

chemotherapy in first-line gastric cancer with FGFR2b overexpression continues to enroll patients. 
• A Phase 1b/3 study (FORTITUDE-102) of bemarituzumab plus chemotherapy and nivolumab versus 

chemotherapy and nivolumab in first-line gastric cancer with FGFR2b overexpression is enrolling 
patients in the Phase 3 portion of the study. 

• A Phase 1b study (FORTITUDE-103) of bemarituzumab plus oral chemotherapy regimens in first-line 
gastric cancer with FGFR2b overexpression is enrolling patients. 

• A Phase 1b study (FORTITUDE-201) of bemarituzumab monotherapy and in combination with docetaxel 
continues to enroll patients with squamous NSCLC with FGFR2b overexpression. 

• A Phase 1b/2 study (FORTITUDE-301), evaluating the safety and efficacy of bemarituzumab monotherapy 
in solid tumors with FGFR2b overexpression, was initiated.  

FGFR2B = fibroblast growth factor receptor 2b; NSCLC = non-small cell lung cancer 

Q2 ’22 EARNINGS CALL—R&D UPDATE
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Oncology/Hematology (continued)

• Tarlatamab (AMG 757) – HLE BiTE® molecule targeting DLL3
– Updated exploration and first expansion Phase 1 data in heavily pretreated patients with 

relapsed/refractory SCLC will be presented on Aug 8th at WCLC.
– Tarlatamab demonstrated promising antitumor activity with notable response durability.  

– DeLLphi-301, a potentially registrational Phase 2 study of tarlatamab for the treatment of 
relapsed/refractory SCLC after two or more prior lines of treatment, continues to enroll patients.

– DeLLphi-302, a Phase 1b study of tarlatamab in combination with AMG 404, an anti PD-1 monoclonal 
antibody, continues to enroll patients with second-line or later SCLC.

– DeLLphi-303, a Phase 1b study of tarlatamab in combination with standard of care in first-line SCLC, is 
open for enrollment.  

– DelLphi-300, a Phase 1b study of tarlatamab, continues to enroll patients with de novo or treatment 
emergent neuroendocrine prostate cancer.

HLE = half-life extended; BiTE® = bispecific T-cell engager; DLL3 = delta-like ligand 3; SCLC = small cell lung cancer; WCLC= International Association for the Study of Lung 
Cancer World Conference on Lung Cancer; PD-1 = programmed cell death protein 1

Q2 ’22 EARNINGS CALL—R&D UPDATE
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Oncology/Hematology (continued)

• AMG 509 – bispecific molecule targeting STEAP1
– A Phase 1 dose escalation study continues to enroll patients with mCRPC.

• AMG 340  – lower T-cell affinity BiTE® molecule targeting PSMA
– A Phase 1 dose-escalation study continues to enroll patients with mCRPC.

• Acapatamab (AMG 160) – HLE BiTE® molecule targeting PSMA
– Deprioritized in favor of AMG 340. 

• Pavurutamab (AMG 701) – HLE BiTE® molecule targeting BCMA
– Clinical development has been discontinued for strategic reasons. 

• AMG 193 – small molecule MTA cooperative PRMT5 molecular glue
– A Phase 1/1b/2 study continues to enroll patients with advanced MTAP-null solid tumors.

STEAP1 = Six-transmembrane epithelial antigen of prostate 1; mCRPC = metastatic castrate resistant prostate cancer; BiTE® = bispecific T-cell engager; PSMA = prostate-
specific membrane antigen; HLE = half-life extended; BCMA= B-cell maturation antigen; MTA = methylthioadenosine; PRMT5= protein arginine methyltransferase 5; MTAP = 
methylthioadenosine phosphorylase; AMG 509 is being developed in collaboration with Xencor

Q2 ’22 EARNINGS CALL—R&D UPDATE
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General Medicine
• Repatha® - monoclonal antibody targeting PCSK9

– An abstract based on data from the Repatha® OLE studies (FOURIER OLE) has been accepted as a 
late-breaking presentation for the European Society of Cardiology annual conference in August.

• Olpasiran (AMG 890) – Lipoprotein(a) siRNA molecule
– In May, the Company announced positive top-line data from a Phase 2 study of olpasiran in subjects 

with elevated Lp(a).
– Significant reduction from baseline in Lp(a) of up to or greater than 90 percent at week 36 (primary 

endpoint) and week 48 (end of treatment period) for the majority of doses.
– No new safety concerns were identified during this treatment period.
– Presentation of these results is expected at a medical congress in 2022.

• AMG 133 – multispecific GIPR inhibitor and GLP-1 receptor agonist
– A Phase 1 study has completed enrollment.
– Data from the initial cohorts of this Phase 1 study will be submitted to a medical congress occurring 

in Q4-2022.

Q2 ’22 EARNINGS CALL—R&D UPDATE

PCSK9 = proprotein convertase subtilisin/kexin type 9; OLE = open label extension; siRNA = small interfering ribonucleic acid; Lp(a)= Lipoprotein(a); 
GIPR= Gastric Inhibitory Polypeptide Receptor; GLP-1= Glucagon-like peptide-1
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Biosimilars
• ABP 654 –investigational biosimilar to STELARA®(ustekinumab)

– Final analysis from a Phase 3 study evaluating the efficacy and safety of ABP 654 compared to 
STELARA® (ustekinumab) in adult patients with moderate to severe plaque psoriasis expected in 2022. 

– A Phase 3 study to support an interchangeability designation in the U.S. is ongoing.

• Phase 3 studies of ABP 938, an investigational biosimilar to EYLEA® (aflibercept), 
and ABP 959, an investigational biosimilar to SOLIRIS® (eculizumab), are on track, 
with data expected in 2022.

• A Phase 3 study to support an interchangeability designation in the U.S. for 
AMJEVITA™ (adalimumab-atto) is ongoing.

• The U.S. label for AMJEVITA™ (adalimumab-atto) has been modified to include 
pediatric Crohn’s disease (ages 6+) and juvenile idiopathic arthritis (ages 2-3).

STELARA® is a registered trademark of Janssen Pharmaceutica NV; EYLEA® is a registered trademark of Regeneron Pharmaceuticals, Inc.; SOLIRIS® is a registered 
trademark of Alexion Pharmaceuticals, Inc.

Q2 ’22 EARNINGS CALL—R&D UPDATE
Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 122 of 557 PageID #: 9039



Q2 ’22 EARNINGS CALL

August 4, 2022

Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 123 of 557 PageID #: 9040



RECONCILIATIONS

Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 124 of 557 PageID #: 9041



43
Provided August 4, 2022, as part of an oral presentation and is qualified by 
such, contains forward-looking statements, actual results may vary 
materially; Amgen disclaims any duty to update.

Amgen Inc.
Consolidated Statements of Income - GAAP
(In millions, except per - share data)
(Unaudited)
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Amgen Inc.
Consolidated Balance Sheets - GAAP
(In millions) June 30, December 31,

2022 2021

(Unaudited)
Assets
Current assets:

Cash, cash equivalents and marketable securities $ 7,183 $ 8,037

Trade receivables, net 5,327 4,895

Inventories 4,554 4,086

Other current assets 2,258 2,367

Total current assets 19,322 19,385

Property, plant and equipment, net 5,158 5,184

Intangible assets, net 13,927 15,182

Goodwill 14,865 14,890

Other noncurrent assets 6,022 6,524

Total assets $ 59,294 $ 61,165

Liabilities and Stockholders' Equity

Current liabilities:
Accounts payable and accrued liabilities $ 11,801 $ 12,097

Current portion of long-term debt 817 87

Total current liabilities 12,618 12,184

Long-term debt 35,705 33,222

Long-term tax liabilities 5,603 6,594

Other noncurrent liabilities 2,949 2,465

Total stockholders’ equity 2,419 6,700

Total liabilities and stockholders’ equity $ 59,294 $ 61,165

Shares outstanding 535 558
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Amgen Inc.
GAAP to Non-GAAP Reconciliations
(Dollars In millions)
(Unaudited)
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Amgen Inc.
GAAP to Non-GAAP Reconciliations
(In millions, except per-share data)
(Unaudited)
(Continued from previous slide)

Three months ended
June 30, 2022

Three months ended
June 30, 2021

GAAP Non-GAAP GAAP Non-GAAP
Net income $ 1,317 $ 2,495 $ 464 $ 1,017

Weighted-average shares for diluted EPS 537 537 576 576

Diluted EPS $ 2.45 $ 4.65 $ 0.81 $ 1.77

Six months ended
June 30, 2022

Six months ended
June 30, 2021

GAAP Non-GAAP GAAP Non-GAAP
Net income $ 2,793 $ 4,838 $ 2,110 $ 3,167

Weighted-average shares for diluted EPS 544 544 578 578

Diluted EPS $ 5.13 $ 8.89 $ 3.65 $ 5.48

The following table presents the computations for GAAP and non-GAAP diluted earnings per share:

a. The adjustments related primarily to noncash amortization of intangible assets from business acquisitions.
b. For the three and six months ended June 30, 2022, the adjustments primarily related to cumulative foreign currency translation adjustments from a nonstrategic divestiture. For the three and six months ended June 30, 2021, the 

adjustments related primarily to the change in fair values of contingent consideration liabilities.
c. The tax effect of the adjustments between our GAAP and non-GAAP results takes into account the tax treatment and related tax rate(s) that apply to each adjustment in the applicable tax jurisdiction(s). Generally, this results in a 

tax impact at the U.S. marginal tax rate for certain adjustments, including the majority of amortization of intangible assets, whereas the tax impact of other adjustments, including restructuring initiatives, depends on whether the 
amounts are deductible in the respective tax jurisdictions and the applicable tax rate(s) in those jurisdictions. Due to these factors, the effective tax rate for the adjustments to our GAAP income before income taxes, for the three 
and six months ended June 30, 2022, were 15.5% and 16.6%, respectively, compared to 33.7% and 28.1% for the corresponding period of the prior year.

d. The adjustments related to certain acquisition items, prior period and other items excluded from GAAP earnings.
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Amgen Inc.
Reconciliations of Cash Flows
(In millions)
(Unaudited)

Three months ended
June 30,

Six months ended
June 30,

2022 2021 2022 2021

Net cash provided by operating activities $ 1,930 $ 1,931 $ 4,094 $ 4,035

Net cash (used in) provided by investing activities (2,193) 1,209 (2,304) 890

Net cash used in financing activities (1,062) (2,622) (4,576) (4,561)

(Decrease) increase in cash and cash equivalents (1,325) 518 (2,786) 364

Cash and cash equivalents at beginning of period 6,528 6,112 7,989 6,266

Cash and cash equivalents at end of period $ 5,203 $ 6,630 $ 5,203 $ 6,630

Three months ended
June 30,

Six months ended
June 30,

2022 2021 2022 2021

Net cash provided by operating activities $ 1,930 $ 1,931 $ 4,094 $ 4,035

Capital expenditures (246) (185) (436) (351)

Free cash flow $ 1,684 $ 1,746 $ 3,658 $ 3,684

Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 129 of 557 PageID #: 9046



48
Provided August 4, 2022, as part of an oral presentation and is qualified by 
such, contains forward-looking statements, actual results may vary 
materially; Amgen disclaims any duty to update.

Amgen Inc.
Reconciliation of GAAP EPS Guidance to Non-GAAP
EPS Guidance for the Year Ending December 31, 2022
(Unaudited)

GAAP diluted EPS guidance $ 11.01 — $ 12.15

Known adjustments to arrive at non-GAAP*:
Acquisition-related expenses (a) 4.02 — 4.11

Loss on divestiture (b) 1.02 — 1.07

Net losses from equity investments 0.80

Other 0.01

Non-GAAP diluted EPS guidance $ 17.00 — $ 18.00

GAAP tax rate guidance 11.5 % — 13.0 %
Tax rate of known adjustments discussed above 2.0% — 2.5%

Non-GAAP tax rate guidance 14.0 % — 15.0 %

Reconciliation of GAAP Tax Rate Guidance to Non-GAAP
Tax Rate Guidance for the Year Ending December 31, 2022
(Unaudited)

* The known adjustments are presented net of their related tax impact, which amount to approximately $1.30 - $1.31 per share.

(a) The adjustments relate primarily to noncash amortization of intangible assets acquired in business acquisitions.
(b) The adjustment primarily relates to a cumulative foreign currency translation adjustment from a nonstrategic divestiture.

Our GAAP diluted EPS guidance does not include the effect of GAAP adjustments triggered by events that may occur subsequent to this press release such
as acquisitions, divestitures, asset impairments, litigation, changes in fair value of our contingent consideration obligations and changes in fair value of our
equity investments. The GAAP adjustments from the recently announced proposed acquisition of ChemoCentryx, Inc. (expected to close in the fourth quarter
of 2022) are included in the GAAP diluted EPS guidance.
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GROWING OUR LEADERSHIP IN 
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SAFE HARBOR STATEMENT 

This presentation contains forward-looking statements that are based on the current expectations and beliefs of Amgen. All statements, other than statements of historical fact, are statements that could be deemed forward-

looking statements, including any statements on the outcome, benefits and synergies of collaborations, or potential collaborations, with any other company (including BeiGene, Ltd., Kyowa Kirin Co., Ltd., or any collaboration to

manufacture therapeutic antibodies against COVID-19), the performance of Otezla® (apremilast) (including anticipated Otezla sales growth and the timing of non-GAAP EPS accretion), or the Five Prime Therapeutics, Inc.

acquisition, as well as estimates of revenues, operating margins, capital expenditures, cash, other financial metrics, expected legal, arbitration, political, regulatory or clinical results or practices, customer and prescriber

patterns or practices, reimbursement activities and outcomes, effects of pandemics or other widespread health problems such as the ongoing COVID-19 pandemic on our business, outcomes, progress, or effects relating to

studies of Otezla as a potential treatment for COVID-19, and other such estimates and results. Forward-looking statements involve significant risks and uncertainties, including those discussed below and more fully described in

the Securities and Exchange Commission reports filed by Amgen, including our most recent annual report on Form 10-K and any subsequent periodic reports on Form 10-Q and current reports on Form 8-K. Unless otherwise

noted, Amgen is providing this information as of the date of this presentation and does not undertake any obligation to update any forward-looking statements contained in this document as a result of new information, future

events or otherwise.

No forward-looking statement can be guaranteed and actual results may differ materially from those we project. Our results may be affected by our ability to successfully market both new and existing products domestically and

internationally, clinical and regulatory developments involving current and future products, sales growth of recently launched products, competition from other products including biosimilars, difficulties or delays in

manufacturing our products and global economic conditions. In addition, sales of our products are affected by pricing pressure, political and public scrutiny and reimbursement policies imposed by third-party payers, including

governments, private insurance plans and managed care providers and may be affected by regulatory, clinical and guideline developments and domestic and international trends toward managed care and healthcare cost

containment. Furthermore, our research, testing, pricing, marketing and other operations are subject to extensive regulation by domestic and foreign government regulatory authorities. We or others could identify safety, side

effects or manufacturing problems with our products, including our devices, after they are on the market. Our business may be impacted by government investigations, litigation and product liability claims. In addition, our

business may be impacted by the adoption of new tax legislation or exposure to additional tax liabilities. If we fail to meet the compliance obligations in the corporate integrity agreement between us and the U.S. government, we

could become subject to significant sanctions. Further, while we routinely obtain patents for our products and technology, the protection offered by our patents and patent applications may be challenged, invalidated or

circumvented by our competitors, or we may fail to prevail in present and future intellectual property litigation. We perform a substantial amount of our commercial manufacturing activities at a few key facilities, including in

Puerto Rico, and also depend on third parties for a portion of our manufacturing activities, and limits on supply may constrain sales of certain of our current products and product candidate development. An outbreak of disease

or similar public health threat, such as COVID-19, and the public and governmental effort to mitigate against the spread of such disease, could have a significant adverse effect on the supply of materials for our manufacturing

activities, the distribution of our products, the commercialization of our product candidates, and our clinical trial operations, and any such events may have a material adverse effect on our product development, product sales,

business and results of operations. We rely on collaborations with third parties for the development of some of our product candidates and for the commercialization and sales of some of our commercial products. In addition,

we compete with other companies with respect to many of our marketed products as well as for the discovery and development of new products. Discovery or identification of new product candidates or development of new

indications for existing products cannot be guaranteed and movement from concept to product is uncertain; consequently, there can be no guarantee that any particular product candidate or development of a new indication for

an existing product will be successful and become a commercial product. Further, some raw materials, medical devices and component parts for our products are supplied by sole third-party suppliers. Certain of our

distributors, customers and payers have substantial purchasing leverage in their dealings with us. The discovery of significant problems with a product similar to one of our products that implicate an entire class of products

could have a material adverse effect on sales of the affected products and on our business and results of operations. Our efforts to collaborate with or acquire other companies, products or technology, and to integrate the

operations of companies or to support the products or technology we have acquired, may not be successful. A breakdown, cyberattack or information security breach could compromise the confidentiality, integrity and

availability of our systems and our data. Our stock price is volatile and may be affected by a number of events. Global economic conditions may magnify certain risks that affect our business. Our business performance could

affect or limit the ability of our Board of Directors to declare a dividend or our ability to pay a dividend or repurchase our common stock. We may not be able to access the capital and credit markets on terms that are favorable to

us, or at all.
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AGENDA

Introduction
David Reese, M.D.—Executive Vice President, 

Research and Development

Data Review
Rob Lenz, M.D., Ph.D.—Senior Vice President, Global 

Development

Commercial 

Landscape

Murdo Gordon—Executive Vice President, Global 

Commercial Operations

Q&A All
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• Building on decades of established research, development, and 

commercial expertise

• Pursuing under-served markets with significant growth potential

• Launching first-in-class molecules, new indications and quality 

biosimilars in each of the next several years

• Leveraging human genetics — approximately half of our 

inflammation portfolio has human genetic validation

• Achieving significant near-term milestones for our late-stage 

programs

WE EXPECT INFLAMMATION TO BE A  MEANINGFUL GROWTH 
DRIVER
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STEADY FLOW OF INFLAMMATION LAUNCHES AND LATE STAGE 
CLINICAL DATA THROUGH 2025

Q1 2022

Tezepelumab 

U.S. approval
Asthma

December 2021

Otezla®

U.S. approval
Mild-to-moderate 

Psoriasis

H1 2022

AMG 451 / KHK4083 

Phase 3 initiation
Atopic Dermatitis

January 31, 2023

AMJEVITA™ 

U.S. launch*

2022

ABP 654, ABP 938, ABP 959

Phase 3 completion*

202420232022

March 1, 2025

ABP 959 

U.S. launch

H1 2024

Tezepelumab 

Phase 3 completion*
Chronic Rhinosinusitis with Nasal Polyps

*Estimated Study Completion Date per clinicaltrials.gov; HUMIRA® is a registered trademark of AbbVie Biotechnology Ltd; STELARA® is a registered trademark of Janssen Pharmaceutica NV; EYLEA® is a registered trademark of Regeneron 
Pharmaceuticals, Inc.; SOLIRIS® is a registered trademark of Alexion Pharmaceuticals, Inc.; Tezepelumab is developed in collaboration with AstraZeneca; AMG 714 is developed in collaboration with Provention Bio.  

H1 2023

Tezepelumab 

Phase 2 completion*
Chronic Spontaneous Urticaria

Chronic Obstructive Pulmonary Disease

H1 2024

Efavaleukin alfa 

Phase2 completion*
Systemic Lupus Erythematosus

Ulcerative Colitis

H2 2023

Rozibafusp alfa 

Phase 2 completion*
Systemic Lupus Erythematosus

2025

H2 2022

AMG 714 / PRV-015 

Phase 2b completion
Celiac Disease

2021

Anticipated approval/launch denoted in green

AMJEVITA™ (adalimumab-atto) is a biosimilar candidate to HUMIRA®

ABP 654 is a biosimilar candidate to STELARA®

ABP 938 is a biosimilar candidate to EYLEA®

ABP 959 is a biosimilar candidate to SOLIRIS®
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STEADY FLOW OF INFLAMMATION LAUNCHES AND LATE STAGE 
CLINICAL DATA THROUGH 2025

Q1 2022

Tezepelumab 

U.S. approval
Asthma

December 2021

Otezla®

U.S. approval
Mild-to-moderate 

Psoriasis

H1 2022

AMG 451 / KHK4083 

Phase 3 initiation
Atopic Dermatitis

January 31, 2023

AMJEVITA™ 

U.S. launch*

2022

ABP 654, ABP 938, ABP 959

Phase 3 completion*

202420232022

March 1, 2025

ABP 959 

U.S. launch

H1 2024

Tezepelumab 

Phase 3 completion*
Chronic Rhinosinusitis with Nasal Polyps

H1 2023

Tezepelumab 

Phase 2 completion*
Chronic Spontaneous Urticaria

Chronic Obstructive Pulmonary Disease

H1 2024

Efavaleukin alfa 

Phase 2 completion*
Systemic Lupus Erythematosus

Ulcerative Colitis

H2 2023

Rozibafusp alfa 

Phase 2 completion*
Systemic Lupus Erythematosus

2025

H2 2022

AMG 714 / PRV-015 

Phase 2b completion
Celiac Disease

2021

*Estimated Study Completion Date per clinicaltrials.gov; HUMIRA® is a registered trademark of AbbVie Biotechnology Ltd; STELARA® is a registered trademark of Janssen Pharmaceutica NV; EYLEA® is a registered trademark of Regeneron 
Pharmaceuticals, Inc.; SOLIRIS® is a registered trademark of Alexion Pharmaceuticals, Inc.; Tezepelumab is developed in collaboration with AstraZeneca; AMG 714 is developed in collaboration with Provention Bio.  

Anticipated approval/launch denoted in green

AMJEVITA™ (adalimumab-atto) is a biosimilar candidate to HUMIRA®

ABP 654 is a biosimilar candidate to STELARA®

ABP 938 is a biosimilar candidate to EYLEA®

ABP 959 is a biosimilar candidate to SOLIRIS®
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We are leveraging our industry leading human genetics platform to 

advance innovative new therapies

WE ARE PURSUING DIFFERENTIATED APPROACHES TO THE 
TREATMENT LANDSCAPE

Remove cells or 

molecules that cause 

disease

Regenerate cells that 

are damaged due to 

disease

Inhibit well-validated 

targets using innovative 

modalities

Enhance population of 

antigen-specific 

regulatory T cells

Block Deplete Tolerize Repair

Rebalancing the immune system
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WE ARE LEVERAGING OUR INDUSTRY-LEADING HUMAN 
GENETICS PLATFORM TO ADVANCE INNOVATIVE NEW THERAPIES

Genes and Biochemical pathways

Variant Phenotype 

Associations

Variant mRNA 

Associations

eQTLs and/or sQTLs

Variant Protein 

Associations

pQTLs

Phenotype 

Protein 

Associations

~ 10,000 Phenotypes

Genomics

WGS

300K

Chip typed

>2.5M
mRNA sequence data 

18K

Plasma proteome

60K and 5,000 proteins

Transcriptomics Proteomics

Imputation

WGS = whole genome sequencing; eQTL = expression quantitative trait loci; sQTL = splicing quantitative trait loci; pQTL = protein quantitative trait loci 
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BROAD PORTFOLIO OF INFLAMMATION PRODUCTS*

Respiratory and Allergy DermatologyGastrointestinal Rheumatology

*Phase 1 through marketed; †Approved in U.S. as AMJEVITA™; AVSOLA™ (infliximab-axxq) is a biosimilar to REMICADE®, a registered trademark of Janssen Biotech, Inc.

• AMGEVITA™†

• AVSOLA™
Biosimilar to Remicade®*

• Efavaleukin alfa 
(AMG 592)

– Ulcerative colitis

• ABP 654 

• Tezepelumab

– Asthma

– Chronic obstructive 

pulmonary disease

– Chronic rhinosinusitis 

with nasal polyps 

• AMG 714 / PRV015

– Celiac disease

• Enbrel®

• Otezla®

– Psoriasis

– Psoriatic arthritis

– Palmoplantar pustulosis

• AMGEVITA™†

• AVSOLA™

• Tezepelumab

– Chronic spontaneous 

urticaria

• AMG 451 / KHK4083

– Atopic dermatitis

• ABP 654

• Enbrel®

• Otezla®

– Psoriatic arthritis

• AMGEVITA™†

• AVSOLA™

• Efavaleukin alfa

– Systemic lupus 

erythematosus (SLE)

– Graft vs. host disease

• Rozibafusp alfa 
(AMG 570)

– Systemic lupus 

erythematosus

• ABP 654

Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 142 of 557 PageID #: 9059



ROB LENZ, M.D., PH.D.

MURDO GORDON
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SENIOR VICE PRESIDENT, GLOBAL DEVELOPMENT

EXECUTIVE VICE PRESIDENT, GLOBAL COMMERCIAL OPERATIONS
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AMG 451 / KHK4083
A FIRST-IN-CLASS ANTI-OX40 MONOCLONAL ANTIBODY 
WITH POTENTIAL ACROSS INFLAMMATORY DISEASES
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• Atopic dermatitis (AD) affects > 30 million people in major global 

markets, with particular unmet need in patients with moderate to 

severe disease

– ~ 15%-30% of children and up to 3% of adults

– ~ 1/3 have moderate to severe AD

– ~ 1/3 develop allergic rhinitis and ~ 1/3 develop asthma

– Environmental triggers for flare-ups are highly unpredictable

• Symptoms include dry, scaly skin, pruritus (itching)

• New, effective therapies are needed in the current treatment 

paradigm

– Topical corticosteroids and topical calcineurin inhibitors

– Systemic immunosuppressant and biologics

ATOPIC DERMATITIS IS A PREVALENT DISEASE WITH 
SIGNIFICANT UNMET NEED
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• Activation of Th2 and other T cell subsets is central in 

atopic dermatitis

• The OX40–OX40L axis plays a critical role in long-lasting 

T cell responses

– OX-40 ligand binding drives expression of pro-survival 

molecules and elevated cytokine production

• AMG 451 / KHK4083 is a fully human, afucosylated

antibody with a dual mechanism of action

– Blocks OX40 signaling

– Depletes OX40 T cells 

• T cell depletion reflected in clinical response

• Phase 3 initiation expected in H1 2022

• Amgen and Kyowa Kirin have a long history of 

successful collaboration on groundbreaking therapies

AMG 451 / KHK4083: PHASE 3-READY FOR ATOPIC 
DERMATITIS 

Memory T cells

KHK4083

blocks OX40

T cell clonal 

expansion and 

memory T cell 

formation

KHK4083

induces 

immunological 

tolerance

KHK4083 has 

enhanced ADCC 

and depletes 

activated

T cells

1

2

Naïve T cells
TCR

MHC I

Activated APC

Primed T cell

KHK4083, mAb

Antagonistic

activity to OX40

CD28
B7

Effector

T cells

Activated T cells

CD28 = cluster of differentiation 28; IgG = immunoglobulin G; MHC = major histocompatibility complex; mAb = monoclonal antibody;  TCR = T cell receptor; Th2 = T-helper 2.
1Nakagawa H et al. J Dermatol Sci. 2020; 99(2):82–89; 2Papp KA et al. J Eur Acad Dermatol Venereol. 2017, 31(8):1324–1332.
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Efficacy and Safety Results of KHK4083/AMG 451 (Anti-OX40 mAb) 

in Subjects With Moderate to Severe Atopic Dermatitis:  

A Phase 2, Multicentre, Randomized, Double-blind, Parallel-Group, 

Placebo-Controlled Study

Emma Guttman-Yassky,1 Eric Simpson,2 Kristian Reich,3 Kenji Kabashima,4 Ken Igawa,5

Hidetoshi Takahashi,6 Keizo Matsuo,7 Yoshihiko Katahira,8 Kazutomo Toyofuku,9

Masatoshi Abe,10 Margrit Simon,11 Oliver Weirich,12 Tetsuya Suzuki,13 Shunichiro Orihara,13

Takeshi Matsui,13 Ehsanollah Esfandiari,14 Masutaka Furue15

1Icahn School of Medicine at Mount Sinai, New York, USA; 2Oregon Health & Science University, Portland, USA; 3Translational Research in Inflammatory Skin 

Diseases, Institute for Health Services Research in Dermatology and Nursing, University Medical Center Hamburg-Eppendorf, Hamburg, Germany; 4Kyoto 

University, Kyoto, Japan; 5Dokkyo Medical University Hospital, Tochigi, Japan; 6Takagi Dermatological Clinic, Hokkaido, Japan; 7Matsuo Clinic, Fukuoka, Japan; 
8Katahira Dermatology Clinic, Kagoshima, Japan; 9Yamate Dermatological Clinic, Tokyo, Japan; 10Sapporo Skin Clinic, Hokkaido, Japan; 11Interdisciplinary Study 

Association GmbH, Berlin, Germany; 12Rosenpark Research GmbH, Darmstadt, Germany; 13Kyowa Kirin Co., Ltd., Tokyo, Japan; 14Kyowa Kirin International Plc, 

London, UK; 15Kyushu University, Fukuoka, Japan
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PHASE 2 STUDY DESIGN (NCT03703102)

BSA =body surface area; EASI = Eczema Area and Severity Index; IGA = Investigator’s Global Assessment; IP = Investigational product; NRS = Numerical Rating Scale; Q2W = every 2 weeks; Q4W = every 4 weeks; 

SC = subcutaneous; W = Week; Patients receiving rescue treatment before W36 assessment discontinued the IP and underwent end-of-study assessment.

1

Primary efficacy endpoint

▪ Percentage change in EASI 

score from baseline to Week 

16 

Secondary efficacy 

endpoints

▪ Reduction of ≥50%, ≥75%, 

and ≥90% in EASI score 

(EASI 50/75/90) from 

baseline

▪ Achievement of an IGA score 

of 0/1 and a reduction of ≥2 

points from baseline (IGA0/1)

▪ Achievement of a reduction 

of ≥4 points in Pruritus-NRS 

score from baseline 

Safety evaluations

▪ Adverse events

Screening Treatment A 
(Up to Week 18)

Treatment B 
(Week 18-Week 36)

Follow-

up 

-1 week

W36

(End of Treatment)

W56

(End of Study)

Baseline 

visit/W0

W18-2 to -6 

weeks

Emollient (twice daily)

Follow-up 

every 4 

weeks

Placebo KHK4083 600 mg SC Q2W

KHK4083 150 mg SC Q4W

KHK4083 300 mg SC Q2W

KHK4083 600 mg SC Q2W

KHK4083 600 mg SC Q4W

Adults with 

chronic AD

EASI ≥16; IGA ≥3; 

BSA ≥10%;

Inadequate 

response or 

intolerance to 

topical AD 

medications

Randomization 

(1:1:1:1:1)

Location: US, 

Japan, Germany, 

and Canada

W16 

(Last dose in Treatment A)

W34 (Last dose)
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BASELINE DEMOGRAPHICS AND DISEASE CHARACTERISTICS 
(SAFETY ANALYSIS SET)

1

Characteristics*

KHK4083

150 mg Q4W

N=54

KHK4083

600 mg Q4W

N=53

KHK4083

300 mg Q2W

N=55

KHK4083

600 mg Q2W

N=54

Placebo/

KHK4083

600 mg Q2W

N=57

Total

N=273
Age, years 37.4 ± 13.6 38.9 ± 14.6 37.5 ± 14.1 37.3 ± 16.3 38.7 ± 14.4 38.0 ± 14.5

Sex, male, n (%) 37 (68.5) 31 (58.5) 31 (56.4) 30 (55.6) 31 (54.4) 160 (58.6)

Race, n (%) Asian: Japanese 30 (55.6) 28 (52.8) 32 (58.2) 30 (55.6) 30 (52.6) 150 (54.9)

Asian: Other 6 (11.1) 4 (7.5) 5 (9.1) 3 (5.6) 7 (12.3) 25 (9.2)

Black or African American 3 (5.6) 1 (1.9) 2 (3.6) 1 (1.9) 6 (10.5) 13 (4.8)

White 14 (25.9) 20 (37.7) 16 (29.1) 20 (37.0) 14 (24.6) 84 (30.8)

Other 1 (1.9) 0 0 0 0 1 (0.4)

Body mass index at screening, kg/m2 24.99 ± 4.81 24.69 ± 5.69 26.69 ± 7.24 25.19 ± 6.49 24.26 ± 5.23 25.16 ± 5.97

Duration from diagnosis of AD to randomization, years 6.47 ± 6.59 8.40 ± 8.32 8.59 ± 9.58 6.42 ± 5.69 6.41 ± 5.98 7.26 ± 7.32

Severity of AD - IGA, n (%) 3 30 (55.6) 28 (52.8) 30 (54.5) 29 (53.7) 31 (54.4) 148 (54.2)

4 24 (44.4) 25 (47.2) 25 (45.5) 25 (46.3) 26 (45.6) 125 (45.8)

Pruritus-NRS score 7.8 ± 1.6 7.5 ± 2.3 7.5 ± 1.6 7.6 ± 1.9 7.2 ± 2.3 7.5 ± 2.0

EASI score 32.8 ± 13.1 32.5 ± 12.7 32.2 ± 13.4 31.1 ± 11.8 29.2 ± 13.3 31.5 ± 12.8

SCORAD score 68.75 ± 12.57 69.44 ± 13.64 68.52 ± 14.36 68.79 ± 14.36 66.35 ± 14.05 68.34 ± 13.76

Percent BSA 59.5 ± 23.7 59.1 ± 25.2 56.8 ± 21.8 55.3 ± 23.4 54.3 ± 23.5 56.9 ± 23.5

Previous use of biological products for treatment of AD, n (%) 7 (13.0) 5 (9.4) 8 (14.5) 8 (14.8) 9 (15.8) 37 (13.6)

*Data presented as mean ± SD, unless specified otherwise. Data presented from safety analysis set, which included patients who received at least 1 dose of KHK4083; 273 of the 274 randomized patients were included in the safety 

analysis set. SCORAD, Severity scoring of atopic dermatitis. 

All baseline parameters were generally well-balanced among the treatment groups
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PRIMARY ENDPOINT: % CHANGE IN EASI SCORES (WEEK 16) FROM BASELINE
(LAST OBSERVATION CARRIED FORWARD, FULL ANALYSIS SET)

**p<0.001 for difference versus placebo; LS = least square.
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PROPORTION OF PATIENTS WHO ACHIEVED EASI-75 
(NON-RESPONDER IMPUTATION, FULL ANALYSIS SET)

Note: Patients in the placebo group were switched to KHK4083 600 mg Q2W after Treatment A period. These data are based on non-responder imputations and the patients who used rescue therapy (either topical or systemic) 

were treated as non-responders after the use of rescue therapy.

1

Proportions of EASI-75 responders at Week 16 were significantly higher in all KHK4083-treated cohorts versus placebo

**p<0.001 vs placebo, assessed at Week 16
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36

KHK4083

150 mg Q4W, %
44.2** 48.1 51.9

KHK4083

600 mg Q4W, %
40.4** 53.8 57.7

KHK4083

300 mg Q2W, %
53.8** 65.4 63.5

KHK4083

600 mg Q2W, %
38.9** 53.7 57.4

Placebo/KHK4083 

600 mg Q2W, %
10.5 19.3 35.1
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PROPORTIONS OF PATIENTS WHO ACHIEVED AN IGA SCORE OF 0/1 AND A 
REDUCTION OF ≥2 POINTS FROM BASELINE (NON-RESPONDER IMPUTATION, 
FULL ANALYSIS SET)

Note: Patients in the placebo group were switched to KHK4083 600 mg Q2W after Treatment A period. These data are based on non-responder imputations and the patients who used rescue therapy (either topical or systemic) 

were treated as non-responders after the use of rescue therapy.

2

In all KHK4083 groups, the proportion of subjects who achieved IGA score 0/1 gradually increased up to Week 36
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KHK4083

150 mg Q4W, %
19.2* 26.9 34.6

KHK4083

600 mg Q4W, %
15.4* 19.2 26.9

KHK4083

300 mg Q2W, %
30.8** 38.5 51.9

KHK4083

600 mg Q2W, %
18.5* 22.2 35.2

Placebo/KHK4083 

600 mg Q2W, %
1.8 5.3 14.0
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DURABILITY OF EASI-75 RESPONSE AFTER TREATMENT DISCONTINUATION IN
SUBJECTS WHO ACHIEVED EASI-75 AT WEEK 36

+: censored; Note: Subjects in the placebo group were switched to KHK4083 600 mg Q2W after Treatment A period. The numbers below the figure represent the number of remaining subjects at each visit.  Note: Relapse is the loss of EASI-75 after achieving EASI-75 at 

Week 36. Note: Censored cases are prohibited concomitant medications and/or therapies including rescue treatment started before the event confirmed, study completion without the event confirmed, and early termination of the study without the event confirmed.

2

EASI-75 response was durable even after discontinuation of KHK4083 at Week 36
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TEAES – TREATMENT A PERIOD (SAFETY ANALYSIS SET)

TEAE = treatment-emergent adverse event; Note: n=number of patients reporting at least 1 TEAE in that category except for all deaths. Data are presented as n (%). 

Data presented from safety analysis set, which included patients who received at least 1 dose of investigational product; 273 of the 274 randomized patients were included in the safety analysis set. 

2

In Treatment A period, 81% TEAEs occurred in KHK4083 groups versus 72% in the placebo group

Category

KHK4083

150 mg Q4W

N=54

KHK4083

600 mg Q4W

N=53

KHK4083

300 mg Q2W

N=55

KHK4083

600 mg Q2W

N=54

KHK4083

Total

N=216

Placebo

N=57

Any TEAEs 37 (68.5) 45 (84.9) 47 (85.5) 46 (85.2) 175 (81.0) 41 (71.9)

Serious TEAEs 3 (5.6) 1 (1.9) 3 (5.5) 1 (1.9) 8 (3.7) 1 (1.8)

TEAEs leading to treatment 

discontinuation
5 (9.3) 3 (5.7) 7 (12.7) 4 (7.4) 19 (8.8) 12 (21.1)

All deaths 0 0 0 0 0 0

TEAEs with severity grade of ≥3 6 (11.1) 1 (1.9) 5 (9.1) 4 (7.4) 16 (7.4) 2 (3.5)
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TEAES IN >5% OF SUBJECTS IN THE TOTAL KHK4083 GROUP BY PREFERRED
TERM - TREATMENT A PERIOD (SAFETY ANALYSIS SET)

PT = Preferred Term; Note: Adverse events were coded using MedDRA version 23.0. Data are presented as n (%).

2

Preferred Term

KHK4083

150 mg Q4W

N=54

KHK4083

600 mg Q4W

N=53

KHK4083

300 mg Q2W

N=55

KHK4083

600 mg Q2W

N=54

KHK4083

Total

N=216

Placebo

N=57

Pyrexia 7 (13.0) 10 (18.9) 9 (16.4) 10 (18.5) 36 (16.7) 2 (3.5)

Nasopharyngitis 8 (14.8) 7 (13.2) 7 (12.7) 8 (14.8) 30 (13.9) 9 (15.8)

Dermatitis atopic 8 (14.8) 5 (9.4) 8 (14.5) 7 (13.0) 28 (13.0) 17 (29.8)

Chills 2 (3.7) 3 (5.7) 7 (12.7) 12 (22.2) 24 (11.1) 0

Headache 4 (7.4) 6 (11.3) 4 (7.3) 5 (9.3) 19 (8.8) 1 (1.8)

Aphthous ulcer 3 (5.6) 8 (15.1) 3 (5.5) 1 (1.9) 15 (6.9) 0

Nausea 3 (5.6) 2 (3.8) 1 (1.8) 7 (13.0) 13 (6.0) 1 (1.8)

• The most frequent TEAEs in KHK4083 groups were pyrexia, nasopharyngitis, worsening of AD, and chills

• Events of pyrexia and chills were mild to moderate in intensity and were mostly observed only after the first 

administration of KHK4083 and were not associated with any consequent treatment discontinuation

• No hypersensitivity reactions were observed
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• Novel mechanism of action blocks OX40 signaling and depletes 

OX40-expressing T cells

• Significant improvements in signs and symptoms of AD compared with 

placebo, across primary and secondary efficacy parameters at Week 16

• Progressive improvement in efficacy parameters beyond Week 16

• Sustained efficacy 20 weeks after treatment discontinuation

• May be a novel treatment option for patients with moderate-to-severe AD

• Given OX40 expression and proprietary human genetic data, we are 

exploring the potential in other inflammatory conditions

AMG 451/KHK4083: A FIRST-IN-CLASS ANTI OX40 ANTIBODY 
WITH POTENTIAL ACROSS INFLAMMATORY DISEASES
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OTEZLA® 
POTENTIAL TO BE FIRST AND ONLY SYSTEMIC ORAL 
TREATMENT FOR ACTIVE PSORIATIC ARTHRITIS AND MILD 
TO SEVERE PSORIASIS
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Data highlight the need for systemic oral therapies for mild to 

moderate psoriasis

• Systemic therapy-naïve patients 

with mild-to-moderate psoriasis 

were associated with

– Bothersome symptoms, such as 

fatigue and psoriasis in special 

areas

– Substantial quality-of-life burden 

– Overall burden of disease similarly 

high as severe psoriasis

BURDEN OF DISEASE IN MILD-TO-MODERATE PSORIASIS PATIENTS 
IS PERCEIVED TO BE THE SAME AS IN SEVERE PSORIASIS

Strober, et al. Abstract P1409 presented at EADV 30th Congress; 29 September–2 October 2021; IGA = investigator’s global assessment.
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• More than half of 

patients achieved 

target of BSA<3 at 

Week 16

• No new safety signals 

were identified 

EFFICACY OF OTEZLA® IN MILD-TO-MODERATE PSORIASIS 
PATIENTS REGARDLESS OF DISEASE EXTENT AT BASELINE

Gold et al. Abstract P1334 presented at EADV 30th Congress; 29 September–2 October 2021; ITT population, multiple imputation was used for missing data. Error bars represent 95% CI.
*p ≤ 0 .0001 vs PBO by CMH test. †In patients with BSA >3% at baseline. PBO = placebo; APR = apremilast; BSA = body surface area; PASI = psoriasis area and severity index.

ADVANCE study inclusion: Adults with mild-to-moderate plaque psoriasis (static Physician Global Assessment [sPGA] 

score of 2-3, with BSA of 2%-15% and PASI score of 2-15) who were biologic-naive and inadequately controlled with or 

intolerant to ≥1 topical therapy
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MILD-TO-MODERATE PSORIASIS INDICATION COULD HELP 
OTEZLA® MOVE INTO EARLIER LINES OF TREATMENT

Otezla® Has Potential to Address Patients Across the Psoriasis Continuum

Oral PDE4 
Inhibitor

Based on current moderate – severe indication. 

Mild Moderate Severe

• Biologics

• Biosimilars

• JAK / TYK2 

inhibitors

PDE4 = phosphodiesterase 4; JAK = janus kinase

• Topicals
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Approximately 1.5M additional patients to address in the 

mild-to-moderate psoriasis setting

• Potential to be the first and only systemic oral treatment indicated for 

active psoriatic arthritis (PsA) as well as mild-to-severe psoriasis (PsO)

• Long-term safety profile, with no required lab monitoring or prescreening

• Over 90% of commercially insured lives have biologic step-free coverage 

for Otezla® in both PsA and PsO

• More than 700,000 patients have been treated across over 40 countries

• Approved in China—anticipated launch in 2022

OTEZLA® IS WELL-POSITIONED FOR CONTINUED GROWTH
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TEZEPELUMAB
A FIRST-IN-CLASS INVESTIGATIONAL ANTI-TSLP 
MONOCLONAL ANTIBODY WITH DEMONSTRATED 
EFFICACY ACROSS A BROAD POPULATION OF PATIENTS 
WITH SEVERE UNCONTROLLED ASTHMA
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SIGNIFICANT UNMET MEDICAL NEEDS REMAINS IN TREATING 
SEVERE ASTHMA

EOS = eosinophils; 1. Llanos et al. J Asthma Allergy 2020; 13:77-87. 2. Lambrecht BN, Hammad H. Nat Immunol. 2015;16(1):45-56. 3. Tran TN, Zeiger RS, Peters SP, et.al. Ann Allergy Asthma Immunol. 2016;116(1):37-42. 4. Symptom 

burden of severe uncontrolled asthma and its impact on patient qualify of life and productivity loss - a NOVELTY analysis of baseline data.

of patients started on 
biologic therapy continue 
to experience ≥ 1 
exacerbations per year1

40%–60%

have multiple drivers 
of inflammation2,350%

have EOS < 300 in which 
current biologics have 
sub-optimal efficacy4

50%–60%
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• Patients with severe uncontrolled asthma experience 

significant symptoms that impact their quality-of-life

– Frequent exacerbations requiring systemic/oral corticosteroids1

– Serious exacerbations requiring 1.6M emergency room visits 

and 180K hospitalizations per year in the U.S.2

• Severe uncontrolled asthma accounts for 50% of 

asthma-related costs3

SIGNIFICANT UNMET NEED IN PATIENTS WITH SEVERE 
UNCONTROLLED ASTHMA 

1. American Lung Association. www.lung.org/lung-health-diseases/lung-disease-lookup/asthma/learn-about-asthma/what-is-asthma. Accessed February 3, 2021; 2. Most Recent National Asthma Data, Centers for Disease Control 

and Prevention. Available at: https://www.cdc.gov/asthma/most_recent_national_asthma_data.htm; accessed September 24, 2021; 3. Nunes C, et al. Asthma Res Pract. 2017;3:2-11.
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• Tezepelumab is the first human monoclonal antibody that 

specifically blocks TSLP, a key epithelial cytokine at the top 

of the inflammatory cascade

• In response to insults, the airway epithelium releases 

alarmins, including TSLP, which can play a key role in 

driving allergic, eosinophilic, and non-T2 inflammation1-4

• Asthma is an epithelial-driven disease: the airway 

epithelium is a key source of an overreactive immune 

response1-3

• The airway epithelium is the first point of contact for 

viruses, allergens, pollutants, and other environmental 

insults1-3

• This immune response can lead to increased inflammation, 

causing continued asthma symptoms and exacerbations1-6

TEZEPELUMAB: A DIFFERENTIATED, FIRST-IN-CLASS 
INVESTIGATIONAL THERAPY FOR SEVERE ASTHMA

TSLP = Thymic stromal lymphopoietin; 1. Gauvreau GM et al. Expert Opin Ther Targets. 2020;24:777–792. 2. Lambrecht BN, Hammad H. Immunity. 2019;50(4):975-991. 3. Lambrecht BN, Hammad H. Nat Immunol. 2015;16(1):45-56. 4. 

Brusselle G et al. Nat Med. 2013;19:977–979. 5. Brusselle G, Bracke K. Ann Am Thorac Soc. 2014;11(suppl 5):S322–S328. 6. Kaur D et al. Chest. 2012; 142(1):76-85. Tezepelumab is developed in collaboration with AstraZeneca.
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TEZEPELUMAB REDUCED EXACERBATIONS IRRESPECTIVE OF 
BASELINE EOSINOPHIL COUNTS AND ALLERGIC STATUS

Placebo

Tezepelumab 210 mg Q4W

*p<0.001 compared with placebo group; AAER = Annualized Asthma Exacerbation Rate
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TEZEPELUMAB SIGNIFICANTLY REDUCED EXACERBATIONS 
REQUIRING HOSPITALIZATIONS OR ER VISITS
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• First and only biologic to demonstrate significant and clinically 

meaningful reductions in exacerbations irrespective of: 

– Eosinophil counts

– Fractional exhaled nitric oxide levels

– Allergic status

• No clinically meaningful differences in safety results vs. placebo

• Potential first-line biologic in broad population

• U.S. asthma submission under priority review, with PDUFA date 

in Q1 2022

TEZEPELUMAB HAS THE POTENTIAL TO TRANSFORM CARE FOR 
PATIENTS WITH SEVERE ASTHMA
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APPROXIMATELY 1 MILLION PATIENTS WITH SEVERE 
ASTHMA MAY BE ELIGIBLE FOR TEZEPELUMAB IN THE U.S.

1. Symptom burden of severe uncontrolled asthma and its impact on patient qualify of life and productivity loss: a NOVELTY analysis of baseline data;

2. https://www.cdc.gov/asthma/most_recent_national_asthma_data.htm accessed September 24, 2021; 3. IQVIA Longitudinal Access and Adjudication Data. 

Potential eligible patient pool includes both 
low-EOS (< 300 cells/ul, 50-60% of 
population)1 and high-EOS patients

Asthma Prevalence2

25.9M

Severe Asthma Prevalence3

4.2M

Potential Tezepelumab-target3

~ 1M
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The combined expertise of Amgen and AstraZeneca will be used to 

maximize the potential of tezepelumab to serve asthma patients

TEZEPELUMAB LAUNCH WILL BENEFIT FROM AMGEN AND 
ASTRAZENECA’S SHARED CAPABILITIES  

• Commercialization of tezepelumab will reflect a “best of both” 

approach from Amgen and AstraZeneca

– 20 years of Amgen contracting and access in inflammation

– 50 years of AstraZeneca expertise in respiratory disease

– Broad patient-support programs

– Co-commercialization in U.S. and Canada, with coverage of both 

allergists and pulmonologists

– Fully staffed respiratory sales force across Amgen & AstraZeneca
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• Phase 3 study enrolling patients with chronic 

rhinosinusitis with nasal polyps

• Phase 2b study enrolling patients with chronic 

spontaneous urticaria

• Phase 2 study enrolling patients with COPD

EXPLORING TEZEPELUMAB IN MULTIPLE INDICATIONS BEYOND 
SEVERE ASTHMA

COPD = chronic obstructive pulmonary disease.
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AMG 714 / PRV-015
FIRST-IN-CLASS INVESTIGATIONAL ANTI IL-15 MONOCLONAL 
ANTIBODY FOR THE TREATMENT OF CELIAC DISEASE
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• Celiac disease is a serious autoimmune disease in genetically predisposed people 

where ingestion of gluten leads to small intestine damage

– Affects ~ 0.7% of adults worldwide—up to 30% of patients have nonresponsive celiac 

disease (NRCD)1,2

– There are no approved therapies for NRCD, and patients’ quality-of-life can be significantly 

impaired

• IL-15 is upregulated in celiac disease and triggers an anti-apoptotic pathway, 

leading to accumulation of inflammatory lymphocytes

• AMG 714 is a human monoclonal antibody that binds to IL-15 and may restore 

intestinal lymphocyte apoptosis and reduce lymphocyte accumulation in the gut

• AMG 714 was well tolerated in 6 prior clinical trials with ~ 300 patients

• Proof of concept demonstrated in Phase 2a studies with no dose-limiting toxicities

• Phase 2b study is currently enrolling patients with NRCD

AMG 714 / PRV-015 – NOVEL APPROACH TO TREATING 
CELIAC DISEASE

1. Singh, et al. Clin Gastroenterol Hepatol 2018 ; 2. Rubio-Tapia, et al. Am J Gastroenterol 2013; IL-15 = interleukin 15; QoL = quality-of-life.
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EFAVALEUKIN ALFA
A NOVEL IL-2 MUTEIN DESIGNED TO SELECTIVELY INCREASE 
REGULATORY T CELLS

ROZIBAFUSP ALFA
A FIRST-IN-CLASS MULTISPECIFIC BIOLOGIC THAT TARGETS 
BAFF AND ICOSL SIMULTANEOUSLY
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SYSTEMIC LUPUS ERYTHEMATOSUS IS AN AUTOIMMUNE DISEASE 
IN NEED OF NEW EFFECTIVE THERAPIES

Sources: Barr et al. Patterns of disease activity in SLE, Arth & Rheum. 1999.;2. Harrison’s Principles of Intern. Med. XII, p1922, 2009. Leerink Swann analysis, Adelphi 2015 SLE report.

• Diagnosed prevalence estimate for SLE is ~ 250K in the U.S., 

~ 500K in 7 major worldwide markets—expected to grow at 0.5% 

annually

• SLE is > 2X as prevalent in African Americans than other racial 

groups in the U.S. 

• Females account for ~ 90% of the diagnosed prevalent cases; 

~50% are of child-bearing age

• Fatigue and pain often result in missed work, job loss, and 

challenges with parenting and social relationships

• Only 2 therapies approved in the last 40 years
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EFAVALEUKIN ALFA
A NOVEL IL-2 MUTEIN DESIGNED TO SELECTIVELY INCREASE 
REGULATORY T CELLS
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• Regulatory T cells (Tregs) maintain balance in the immune system by negatively 

regulating other immune cells

• Treg impairment or deficiency has been reported in multiple human autoimmune conditions

• Phase 1a single ascending dose study in healthy volunteers demonstrated

– Dose-dependent increases of Tregs and minimal to no increases in NK cells and T effector cells (Teffs)

– Well tolerated

– Phase 1b safety and PK data to be presented in Q4 ’21

• Studies underway in the following indications

– Phase 2 for SLE in FDA’s Complex Innovative Trial Designs Pilot Program

– Phase 2 for ulcerative colitis

– Phase 1b for chronic graft vs. host disease

EFAVALEUKIN ALFA (AMG 592) IS AN IL-2 MUTEIN DESIGNED TO 
ADDRESS AUTOIMMUNE DISORDERS 

Normal Immune Homeostasis

Tregs Teffs

NK = natural killer 
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ROZIBAFUSP ALFA
A FIRST-IN-CLASS MULTISPECIFIC BIOLOGIC THAT TARGETS 
BAFF AND ICOSL SIMULTANEOUSLY
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• T cell ‒ B cell interactions are crucial in the production of autoreactive antibodies, a hallmark 

of autoimmune diseases such as SLE

• Interaction of inducible T cell co-stimulator (ICOS), with its sole ligand ICOSL, triggers key 

activities of T cells

• B-cell activating factor (BAFF) plays an important role in B-cell survival, maturation, and 

function

• Inhibition of both ICOSL and BAFF was more efficacious than single-target inhibition in 

preclinical models

• Rozibafusp alfa was successfully evaluated in Phase 1 clinical trials

– Demonstrated acceptable safety, tolerability, and PK profile

– Dose-dependent and reversible dual-target engagement (BAFF inhibition and high ICOSL receptor 

occupancy)

• Phase 2b study is enrolling patients with SLE

ROZIBAFUSP ALFA IS A FIRST-IN-CLASS, MULTISPECIFIC BIOLOGIC 
THAT TARGETS BAFF AND ICOSL SIMULTANEOUSLY

PK = pharmacokinetic.

Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 179 of 557 PageID #: 9096



48

Provided October 4, 2021, as part of an oral presentation and is qualified by 

such, contains forward-looking statements, actual results may vary 

materially; Amgen disclaims any duty to update.

AMGEN’S 20 YEARS OF LEADERSHIP IN INFLAMMATION

•

• AMG 451 / KHK4083

• AMG 714 / PRV-015 

• AMG 570 (Rozibafusp alfa)

• AMG 592 (Efavaleukin alfa)

• Biosimilar candidates to 

– STELARA®

– EYLEA®

– SOLIRIS®
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We see opportunity for meaningful portfolio growth from launches of 

additional biosimilars and expansion into new markets

• We commercialize biosimilars alongside our branded products, 

which creates a cost-effective selling model

• Successfully developed a $2 billion franchise

• EU leadership

• Broad portfolio that complements our branded products

• Sequential launch opportunities

• Large economic pool

SEVERAL INFLAMMATION BIOSIMILAR LAUNCHES TO 
GENERATE GROWTH
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BIOSIMILARS ARE ANNUALIZING AT $2 BILLION; FUTURE 
GROWTH TO BE DRIVEN BY SEQUENTIAL LAUNCHES

Our inflammation biosimilar candidates provide access to a market opportunity 

with ~ $40B of corresponding originator sales in 2020
*Approved in the U.S. as AMJEVITA™; MVASI® (bevacizumab-awwb) is a biosimilar to AVASTIN®, a registered trademark of Genentech, Inc.; KANJINTII® (trastuzumab-anns) is a biosimilar to HERCEPTIN®, a 

registered trademark of Genentech, Inc.;  RIABNI™ (rituximab-arrx) is a biosimilar to Rituxan, a registered trademark of Biogen, Inc.

Originator 

Product

2020 WW 

Originator Sales
Therapeutic Area Amgen Biosimilar Amgen Biosimilar Status

AVASTIN® ~$5B Hematology-Oncology MVASI® Launched in U.S. & EU

HERCEPTIN® ~$4B Hematology-Oncology KANJINTI® Launched in U.S. & EU

Rituxan® ~$5B Hematology-Oncology RIABNI™ Launched in U.S.

Remicade® ~$4B Inflammation AVSOLA™ Launched in U.S.

HUMIRA® ~$20B Inflammation AMGEVITA™* Launched in EU; 1/31/23 U.S. Launch

EYLEA® ~$8B Inflammation ABP 938 Phase 3

STELARA® ~$8B Inflammation ABP 654 Phase 3

SOLIRIS® ~$4B Hematology-Oncology ABP 959 Phase 3; 3/1/25 U.S. Launch

#9-11 ~$27B Undisclosed Undisclosed Process Development

Total ~$86B
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SEQUENTIAL LAUNCHES OF BIOSIMILARS WILL STRENGTHEN 
OUR INFLAMMATION PRESENCE WITH PATIENTS

Phase 3 data for 

biosimilar candidates 

to STELARA®, 

EYLEA®, & SOLIRIS®

2022

Anticipated

AMJEVITA™ U.S. launch 

(January 31, 2023)

2023

Phase 3 data will be followed by timely launches for our biosimilar candidates to 

STELARA®, EYLEA®, and SOLIRIS®

Anticipated U.S. launch 

of ABP 959, biosimilar 

candidate to SOLIRIS®

(March 1, 2025)

2025

Additional 

biosimilar  

candidates
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OUR BROAD INFLAMMATION PORTFOLIO BENEFITS FROM 
STRONG ACCESS CAPABILITIES 

Respiratory and Allergy DermatologyGastrointestinal Rheumatology

• Proven success in contracting over 20 years

– Enbrel®: > 85% first-line coverage

– Otezla®: > 90% first-line coverage

• Digital capabilities leveraged through the pandemic to address patients, healthcare 

providers, and payors

• Leading inflammation market-access account team

– Amgen ranked #4 in 2021 Managed Care Account Management Performance survey

• Expanding capability through new Otezla® patient-access programs, upcoming 

tezepelumab launch, and biosimilars experience
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• Amgen is well-positioned to build on our ~20 years of leadership in inflammation

• We have near-term launch opportunities for multiple innovative molecules

– Mild-to-moderate indication would allow Otezla® to treat patients across psoriasis continuum

– Tezepelumab launch will leverage Amgen’s and AstraZeneca’s experience in inflammation

• We have a robust, innovative pipeline addressing areas of unmet need

– Additional potential indications for tezepelumab and Otezla®

– AMG 451 Phase 3 atopic dermatitis program anticipated to begin in H1 2022 

– Mid-stage pipeline of first-in-class programs in celiac disease (AMG 714/PRV-015), SLE 

(efavaleukin alfa, rozibafusp alfa), and UC (efavaleukin alfa)

• Biosimilars represent a meaningful growth opportunity

– Phase 3 data for biosimilar candidates to STELARA®, EYLEA®, and SOLIRIS® expected in 

2022

WE EXPECT INFLAMMATION TO BE A MEANINGFUL 
GROWTH DRIVER

UC = ulcerative colitis.
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AMG 451/KHK4083 PRESENTATION
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Efficacy and Safety Results of KHK4083/AMG 451 (Anti-OX40 mAb) 

in Subjects With Moderate to Severe Atopic Dermatitis: 

A Phase 2, Multicentre, Randomized, Double-blind, Parallel-Group, 

Placebo-Controlled Study

Emma Guttman-Yassky,1 Eric Simpson,2 Kristian Reich,3 Kenji Kabashima,4 Ken Igawa,5

Hidetoshi Takahashi,6 Keizo Matsuo,7 Yoshihiko Katahira,8 Kazutomo Toyofuku,9

Masatoshi Abe,10 Margrit Simon,11 Oliver Weirich,12 Tetsuya Suzuki,13 Shunichiro Orihara,13

Takeshi Matsui,13 Ehsanollah Esfandiari,14 Masutaka Furue15

1Icahn School of Medicine at Mount Sinai, New York, USA; 2Oregon Health & Science University, Portland, USA; 3Translational Research in 

Inflammatory Skin Diseases, Institute for Health Services Research in Dermatology and Nursing, University Medical Center Hamburg-Eppendorf, 

Hamburg, Germany; 4Kyoto University, Kyoto, Japan; 5Dokkyo Medical University Hospital, Tochigi, Japan; 6Takagi Dermatological Clinic, 

Hokkaido, Japan; 7Matsuo Clinic, Fukuoka, Japan; 8Katahira Dermatology Clinic, Kagoshima, Japan; 9Yamate Dermatological Clinic, Tokyo, Japan; 
10Sapporo Skin Clinic, Hokkaido, Japan; 11Interdisciplinary Study Association GmbH, Berlin, Germany; 12Rosenpark Research GmbH, Darmstadt, 

Germany; 13Kyowa Kirin Co., Ltd., Tokyo, Japan; 14Kyowa Kirin International Plc, London, UK; 15Kyushu University, Fukuoka, Japan
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▪ Research support, consulting or lecture fees on atopic dermatitis received from 

Regeneron, Sanofi, Pfizer, Galderma, Celgene, Leo Pharma, Janssen, Medimmune, 

Dermira, Anacor, AnaptysBio, Glenmark, Novartis, Abbvie, GSK, Sun Pharma, 

Mitsubishi Tanabe, Vitae, Almirall, Asana Biosciences, Amgen, Immune, Gilead, 

Concert, Kyowa Kirin, DS Biopharma, Ralexar, Eli Lilly, UCB, Escalier, Boehringer, 

Botanix, Incyte, Sienna, Innovaderm, Cara Therapeutics, Dermavant, Union 

Therapeutics, Kiniksa, Arena, FLX Bio, Target

▪ No patents, ownership, or financial gain achieved from any atopic dermatitis drug

Speaker Disclosures
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▪ Activation of Th2 and other T-cell subsets is central in atopic 

dermatitis (AD)

▪ The OX40–OX40L axis plays a critical role in long-lasting T-

cell responses

▪ OX40 is primarily expressed by activated T cells and binds OX40L 

on antigen-presenting cells (APCs), facilitating the effector function 

of T cells 

▪ KHK4083/AMG 451 is a fully human, anti-OX40, non-

fucosylated IgG1 monoclonal antibody with enhanced 

antibody-dependent cellular cytotoxicity (ADCC)1

▪ It inhibits and depletes activated T cells, inhibiting T-cell clonal 

expansion and memory T-cell formation2

Memory T cells

KHK4083

blocks OX40

T cell clonal 

expansion and 

memory T cell 

formation

KHK4083

induces 

immunological 

tolerance

KHK4083 has 

enhanced 

ADCC 

and depletes 

activated

T cells

1

2

Naïve T cells
TCR

MHC I

Activated APC

Primed T cell

KHK4083, mAb

Antagonistic

activity to OX40

CD28
B7

Effector

T cells

Activated T cells

Mechanism of action of KHK40832

CD28, cluster of differentiation 28; IgG, immunoglobulin G; MHC, major histocompatibility complex; mAb, monoclonal antibody;  TCR, T-cell receptor; 

Th2, T-helper 2; TNF, tumor necrosis factor 
1Nakagawa H et al. J Dermatol Sci. 2020; 99(2):82–89; 2Papp KA et al. J Eur Acad Dermatol Venereol. 2017, 31(8):1324–1332.

KHK4083/AMG 451 targets OX40 as a potential novel target for AD treatment
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Phase 2 Study Design (NCT03703102)

AD, atopic dermatitis; BSA, body surface area; EASI, Eczema Area and Severity Index; IGA, Investigator’s Global Assessment; IP, Investigational product; 

NRS, Numerical Rating Scale; Q2W, every 2 weeks; Q4W, every 4 weeks; SC, subcutaneous; W, Week

Patients receiving rescue treatment before W36 assessment discontinued the IP and underwent end-of-study assessment 5

Primary efficacy endpoint

▪ Percentage change in EASI 

score from baseline to Week 

16 

Secondary efficacy endpoints

▪ Reduction of ≥50%, ≥75%, 

and ≥90% in EASI score 

(EASI 50/75/90) from baseline

▪ Achievement of an IGA score 

of 0/1 and a reduction of ≥2 

points from baseline (IGA0/1)

▪ Achievement of a reduction of 

≥4 points in Pruritus-NRS 

score from baseline 

Safety evaluations

▪ Adverse events

Screening Treatment A 
(Up to Week 18)

Treatment B 
(Week 18-Week 36)

Follow-

up 

-1 week

W36

(End of Treatment)

W56

(End of Study)

Baseline visit/W0 W18-2 to -6 weeks

Emollient (twice daily)

Follow-up 

every 4 

weeks

Placebo KHK4083 600 mg SC Q2W

KHK4083 150 mg SC Q4W

KHK4083 300 mg SC Q2W

KHK4083 600 mg SC Q2W

KHK4083 600 mg SC Q4W

Adults with 

chronic AD

EASI ≥16; IGA ≥3; 

BSA ≥10%;

Inadequate 

response or 

intolerance to 

topical AD 

medications

Randomization 

(1:1:1:1:1)

Location: US, 

Japan, Germany, 

and Canada

W16 

(Last dose in Treatment A)

W34 (Last dose)
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*Data presented as mean ± SD, unless specified otherwise. Data presented from safety analysis set, which included patients who received at least 1 dose of KHK4083; 273 of the 274 randomized patients were included in the safety analysis set. 6

Baseline Demographics and Disease Characteristics (Safety Analysis Set)

Characteristics*

KHK4083

150 mg Q4W

N=54

KHK4083

600 mg Q4W

N=53

KHK4083

300 mg Q2W

N=55

KHK4083

600 mg Q2W

N=54

Placebo/

KHK4083

600 mg Q2W

N=57

Total

N=273

Age, years 37.4 ± 13.6 38.9 ± 14.6 37.5 ± 14.1 37.3 ± 16.3 38.7 ± 14.4 38.0 ± 14.5

Sex, male, n (%) 37 (68.5) 31 (58.5) 31 (56.4) 30 (55.6) 31 (54.4) 160 (58.6)

Race, n (%) Asian: Japanese 30 (55.6) 28 (52.8) 32 (58.2) 30 (55.6) 30 (52.6) 150 (54.9)

Asian: Other 6 (11.1) 4 (7.5) 5 (9.1) 3 (5.6) 7 (12.3) 25 (9.2)

Black or African American 3 (5.6) 1 (1.9) 2 (3.6) 1 (1.9) 6 (10.5) 13 (4.8)

White 14 (25.9) 20 (37.7) 16 (29.1) 20 (37.0) 14 (24.6) 84 (30.8)

Other 1 (1.9) 0 0 0 0 1 (0.4)

Body mass index at screening, kg/m2 24.99 ± 4.81 24.69 ± 5.69 26.69 ± 7.24 25.19 ± 6.49 24.26 ± 5.23 25.16 ± 5.97

Duration from diagnosis of AD to randomization, years 6.47 ± 6.59 8.40 ± 8.32 8.59 ± 9.58 6.42 ± 5.69 6.41 ± 5.98 7.26 ± 7.32

Severity of AD - IGA, n (%) 3 30 (55.6) 28 (52.8) 30 (54.5) 29 (53.7) 31 (54.4) 148 (54.2)

4 24 (44.4) 25 (47.2) 25 (45.5) 25 (46.3) 26 (45.6) 125 (45.8)

Pruritus-NRS score 7.8 ± 1.6 7.5 ± 2.3 7.5 ± 1.6 7.6 ± 1.9 7.2 ± 2.3 7.5 ± 2.0

EASI score 32.8 ± 13.1 32.5 ± 12.7 32.2 ± 13.4 31.1 ± 11.8 29.2 ± 13.3 31.5 ± 12.8

SCORAD score 68.75 ± 12.57 69.44 ± 13.64 68.52 ± 14.36 68.79 ± 14.36 66.35 ± 14.05 68.34 ± 13.76

Percent BSA 59.5 ± 23.7 59.1 ± 25.2 56.8 ± 21.8 55.3 ± 23.4 54.3 ± 23.5 56.9 ± 23.5

Previous use of biological products for treatment of AD, n (%) 7 (13.0) 5 (9.4) 8 (14.5) 8 (14.8) 9 (15.8) 37 (13.6)

AD, atopic dermatitis; BSA, body surface area; EASI, Eczema Area and Severity Index; IGA, Investigator’s Global Assessment; NRS, Numerical Rating Scale; SCORAD, Severity scoring of atopic dermatitis; 

Q2W, every 2 weeks; Q4W, every 4 weeks

All baseline parameters were generally well-balanced among the treatment groups
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Primary Endpoint: % Change in EASI Scores (Week 16) From Baseline
(Last observation carried forward, Full Analysis Set)

EASI, Eczema Area and Severity Index; LS, least square; Q2W, every 2 weeks; Q4W, every 4 weeks

**p<0.001 for difference versus placebo 7
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−15.01%
(−28.60, −1.43) 

All KHK4083-treated groups achieved the primary endpoint
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Proportion of Patients Who Achieved EASI-75 
(Non-responder Imputation, Full Analysis Set)

AD, atopic dermatitis; EASI, Eczema Area and Severity Index; Q2W, every 2 weeks; Q4W, every 4 weeks

Note: Patients in the placebo group were switched to KHK4083 600 mg Q2W after Treatment A period. These data are based on non-responder imputations and the patients who used rescue therapy 

(either topical or systemic) were treated as non-responders after the use of rescue therapy. 8

Proportions of EASI-75 responders at Week 16 were significantly higher in all KHK4083-treated cohorts versus placebo

**p<0.001 vs placebo, assessed at Week 16
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Week

Treatment period B

(All groups received KHK4083)

Treatment period A

(Placebo-controlled period)

1 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36

Week 

16

Week 

24

Week 

36

KHK4083

150 mg Q4W, %
44.2** 48.1 51.9

KHK4083

600 mg Q4W, %
40.4** 53.8 57.7

KHK4083

300 mg Q2W, %
53.8** 65.4 63.5

KHK4083

600 mg Q2W, %
38.9** 53.7 57.4

Placebo/KHK4083 

600 mg Q2W, %
10.5 19.3 35.1

KHK4083 150 mg Q4W KHK4083 600 mg Q4W KHK4083 300 mg Q2W KHK4083 600 mg Q2W Placebo/KHK4083 600 mg Q2W/
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Proportions of EASI-90 responders at Week 16 were significantly higher in most KHK4083-treated cohorts versus placebo

Proportion of Patients Who Achieved EASI-90 
(Non-responder Imputation, Full Analysis Set)

EASI, Eczema Area and Severity Index; Q2W, every 2 weeks; Q4W, every 4 weeks 

Note: Patients in the placebo group were switched to KHK4083 600 mg Q2W after Treatment A period. These data are based on non-responder imputations and the patients who used rescue therapy 

(either topical or systemic) were treated as non-responders after the use of rescue therapy. 9
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*p<0.05, **p<0.001 vs placebo, assessed at Week 16
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Treatment period A
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Week 

16

Week 
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Week 

36

KHK4083

150 mg Q4W, %
19.2* 26.9 34.6 

KHK4083

600 mg Q4W, %
11.5 26.9 36.5

KHK4083

300 mg Q2W, %
36.5** 50.0 53.8

KHK4083

600 mg Q2W, %
18.5* 29.6 38.9

Placebo/KHK4083 

600 mg Q2W, %
3.5 10.5 22.8

KHK4083 150 mg Q4W KHK4083 600 mg Q4W KHK4083 300 mg Q2W KHK4083 600 mg Q2W Placebo/KHK4083 600 mg Q2W/
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Proportions of Patients Who Achieved an IGA Score of 0/1 and a Reduction of ≥2 
Points from Baseline (Non-responder Imputation, Full Analysis Set)

IGA, Investigator’s General Assessment; Q2W, every 2 weeks; Q4W, every 4 weeks 

Note: Patients in the placebo group were switched to KHK4083 600 mg Q2W after Treatment A period. These data are based on non-responder imputations and the patients who used rescue therapy 

(either topical or systemic) were treated as non-responders after the use of rescue therapy. 10

In all KHK4083 groups, the proportion of subjects who achieved IGA score 0/1 gradually increased up to Week 36
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Proportions of Patients Who Achieved Reduction of ≥4 Points for Pruritus-NRS 
(Non-responder Imputation, Full Analysis Set)

NRS, Numerical Rating Scale; Q2W, every 2 weeks; Q4W, every 4 weeks

Note: Patients in the placebo group were switched to KHK4083 600 mg Q2W after Treatment A period. These data are based on non-responder imputations and the patients who used rescue therapy 

(either topical or systemic) were treated as non-responders after the use of rescue therapy. 11

Proportions of Pruritus-NRS responders at Week 16 were significantly higher in most KHK4083-treated groups versus placebo
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Durability of EASI-75 Response After Treatment Discontinuation 
in Subjects who achieved EASI-75 at Week 36

+: censored, EASI: Eczema Area and Severity Index, Q2W, every 2 weeks; Q4W, every 4 weeks

Note: Subjects in the placebo group were switched to KHK4083 600 mg Q2W after Treatment A period. The numbers below the figure represent the number of remaining subjects at each visit. 

Note: Relapse is the loss of EASI-75 after achieving EASI-75 at Week 36. 

Note: Censored cases are prohibited concomitant medications and/or therapies including rescue treatment started before the event confirmed, study completion without the event confirmed, and early termination of the study without the event confirmed. 12

EASI-75 response was durable even after discontinuation of KHK4083 at Week 36

100

80

60

40

20

0

0 2 4 6 8 10 12 14 16 18 20 22 24 26

P
ro

b
a
b

il
it

y
 o

f 
n

o
t 

h
a
v
in

g

re
la

p
s
e
 i
n

 E
A

S
I-

7
5
 (

%
)

27

30

33

31

20

26

29

30

27

18

26

29

29

27

18

22

27

25

25

16

19

27

25

25

16

17

26

25

21

13

17

26

24

21

13

15

26

22

21

13

15

24

21

20

13

13

22

18

19

11

9

16

13

17

7

0

0

2

1

0

0

0

1

0

0

0

0

0

0

0

KHK4083 150 mg Q4W

KHK4083 600 mg Q4W

KHK4083 300 mg Q2W

KHK4083 600 mg Q2W

Placebo/KHK4083 600 mg Q2W

Time (Weeks from Week 36)

Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 198 of 557 PageID #: 9115



TEAEs – Treatment A Period (Safety Analysis Set)

TEAE, treatment-emergent adverse event; Q2W, every 2 weeks; Q4W, every 4 weeks

Note: n=number of patients reporting at least 1 TEAE in that category except for all deaths. Data are presented as n (%). 

Data presented from safety analysis set, which included patients who received at least 1 dose of investigational product; 273 of the 274 randomized patients were included in the safety analysis set. 13

Category

KHK4083

150 mg Q4W

N=54

KHK4083

600 mg Q4W

N=53

KHK4083

300 mg Q2W

N=55

KHK4083

600 mg Q2W

N=54

KHK4083

Total

N=216

Placebo

N=57

Any TEAEs 37 (68.5) 45 (84.9) 47 (85.5) 46 (85.2) 175 (81.0) 41 (71.9)

Serious TEAEs 3 (5.6) 1 (1.9) 3 (5.5) 1 (1.9) 8 (3.7) 1 (1.8)

TEAEs leading to treatment 

discontinuation
5 (9.3) 3 (5.7) 7 (12.7) 4 (7.4) 19 (8.8) 12 (21.1)

All deaths 0 0 0 0 0 0

TEAEs with severity grade of ≥3 6 (11.1) 1 (1.9) 5 (9.1) 4 (7.4) 16 (7.4) 2 (3.5)

In Treatment A period, 81% TEAEs occurred in KHK4083 groups versus 72% in the placebo group
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TEAEs in >5% of Subjects in the Total KHK4083 Group by Preferred Term -
Treatment A Period (Safety Analysis Set)

PT, Preferred Term; TEAE, treatment-emergent adverse event; Q2W, every 2 weeks; Q4W, every 4 weeks

Note: Adverse events were coded using MedDRA version 23.0. Data are presented as n (%). 14

Preferred Term

KHK4083

150 mg Q4W

N=54

KHK4083

600 mg Q4W

N=53

KHK4083

300 mg Q2W

N=55

KHK4083

600 mg Q2W

N=54

KHK4083

Total

N=216

Placebo

N=57

Pyrexia 7 (13.0) 10 (18.9) 9 (16.4) 10 (18.5) 36 (16.7) 2 (3.5)

Nasopharyngitis 8 (14.8) 7 (13.2) 7 (12.7) 8 (14.8) 30 (13.9) 9 (15.8)

Dermatitis atopic 8 (14.8) 5 (9.4) 8 (14.5) 7 (13.0) 28 (13.0) 17 (29.8)

Chills 2 (3.7) 3 (5.7) 7 (12.7) 12 (22.2) 24 (11.1) 0

Headache 4 (7.4) 6 (11.3) 4 (7.3) 5 (9.3) 19 (8.8) 1 (1.8)

Aphthous ulcer 3 (5.6) 8 (15.1) 3 (5.5) 1 (1.9) 15 (6.9) 0

Nausea 3 (5.6) 2 (3.8) 1 (1.8) 7 (13.0) 13 (6.0) 1 (1.8)

▪ The most frequent TEAEs in KHK4083 groups were pyrexia, nasopharyngitis, worsening of AD, and chills

▪ Events of pyrexia and chills were mild to moderate in intensity and were mostly observed only after the first administration of 

KHK4083 and were not associated with any consequent treatment discontinuation

▪ No hypersensitivity reactions were observed
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Conclusions

15

▪ KHK4083/AMG 451 represents a novel mechanism of action and its use resulted in significant 

improvements in signs and symptoms of AD compared with placebo, across primary and 

secondary efficacy parameters at Week 16

▪ Importantly, KHK4083/AMG 451 demonstrated progressive improvement in efficacy parameters 

beyond Week 16

▪ KHK4083/AMG 451 demonstrated sustained efficacy for another 20 weeks after treatment 

discontinuation (until Week 56)

▪ KHK4083/AMG 451 was well-tolerated and did not show safety concerns

▪ KHK4083/AMG 451 may be a novel treatment option for patients with moderate-to-severe AD
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Presentation
Geoffrey Christopher Meacham
BofA Securities, Research Division

Welcome to the second day of the Bank of America Healthcare Conference. My name is Geoff Meacham.
I'm the senior biopharma analyst here. And we are thrilled to have with us on stage, Amgen. And
speaking on behalf of Amgen, we have Peter Griffith, CFO; and Rob Lenz, Senior Vice President, Global
Development. Welcome, guys.

Peter H. Griffith
Executive VP & CFO

Great to be here.

Rob Lenz
Senior Vice President of Global Development

Great to be here.

Peter H. Griffith
Executive VP & CFO

Thank you so much to Bank of America, BofA, for inviting us.

Geoffrey Christopher Meacham
BofA Securities, Research Division
Great to do the meeting in person, too, right?
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Question and Answer
Geoffrey Christopher Meacham
BofA Securities, Research Division

Let's talk a little bit about -- let's start off with just the lingering as we move from pandemic to endemic,
there's a lot of sort of questions on COVID. And you guys and a few other of the bigger biotechs or
pharmas, you still have a little bit of a residual effect from COVID on the business. So where are you with
respect to the return to normal flow of patient visits and drug volumes?

Peter H. Griffith
Executive VP & CFO

Well, again, thank you, Geoff, for having us here. And I might just interject a few comments, too, before
we start. And I think Rob might, too. But let me just say on return to normal. I was laughing with my
colleagues this morning. I don't mean to not take it seriously, but when 8 other people got on the elevator
on the first 5 floors, I realized the world is back to normal. There's no -- when you're on there with 8 of
your closest friends, you say, "You know what, the switch is switched." So thank you.

Well, look, we talk about it as a continuing cumulative effect of COVID. I think our colleagues in the
industry do, too. January and February, we certainly saw some lingering effects of Omicron there. We'll
see what other surges come, variants of concern. Through the rest of the year, we watch that closely. But
at the end of the day, in cardiology, for example, that feels like it came back a little bit faster. Oncology
came back during last year and through the current phase, I would say some of the inflam category,
probably a little bit slower than the other 2.

But look, we're making our way through it. We've learned how to deal with it in 2.5 years. At Amgen,
we're always thinking about the patients. We want to be resilient and work our way through that. So that's
really important to us.

I think -- so just pause for a minute. Maybe look at the first quarter and just say we were on track to
deliver. 6% on revenue, up 15% on EPS, good execution. So we had the surge of Omicron, but we worked
our way through that.

And we also talked about in the first quarter, now we've got -- in addition to COVID, we've got foreign
exchange headwinds for most companies. Last on my check, the euro was, I think, hanging around 105,
106, down a bit there. So we've got -- we've indicated $400 million of headwinds to revenue this year
now, up from a couple of hundred million. Certainly, we've also increased our other income and expense
guidance to $1.6 billion to $1.8 billion of net expense from our previous range just on kind of rising
interest rates to go along with strengthening the dollar and certainly our share of BeiGene's results, which
we recorded in the equity method.

So there's a lot of different dynamics around COVID, and we're watching it. We'll continue to execute
through it. I think Rob could speak a little bit to COVID and how we're working our way through the
development side. He's -- and being a head of global development, he's done a great job on that for us,
making sure we continue trials and make our way through that, too.

So Rob, maybe I'll...

Rob Lenz
Senior Vice President of Global Development

Sure. Well, I thought maybe it'd be helpful just to give a quick overview of the key assets within the
clinical development pipeline and maybe just highlight those in particular that have what we think are
particularly important, either study starts or data readouts, which I think will help be the foundation for
some other questions.
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So focusing on inflammation first. We're continuing to pretty aggressively pursue life cycle development of
TEZSPIRE. We now have 4 additional indications beyond the severe asthma indication. In addition, within
severe asthma, we just announced we're kicking off 2 additional studies in that space.

Moving into the pipeline, our OX40 program, that's our AMG 451 for moderate to severe atopic dermatitis,
progressing well. It's a comprehensive program called ROCKET, and we're on track to initiate that
comprehensive Phase III program this summer.

And then in oncology, with LUMAKRAS recently announced -- or presented data, 2-year data at the AACR
conference on these refractory non-small cell patients who after 2 years on LUMAKRAS were experiencing.
About 1/3 of them are still alive. So continue to bolster our confidence in that product.

In terms of sort of additional key data readouts this year with LUMAKRAS is notably the Phase III
confirmatory versus docetaxel in non-small cell lung cancer, additional to dose comparison study as well.
And then we actually just submitted some data that will be presented late summer. We anticipated a
medical conference for our combination cohorts for PD-L1 or PD-1 combo as well as SHIP2.

And then in the pipeline, in terms of oncology, bemarituzumab, that's our FGFR2b monoclonal antibody for
gastric cancer in that Phase III program in first-line gastric cancer is underway. And then we're also just
kicked off a signal-seeking study in squamous non-small cell lung cancer for bemarituzumab as well.

And then across our BiTE or bispecific portfolio, we're actually seeing a number of molecules with some
pretty compelling data in the solid cancer space. I'll mention Tarlatamab or AMG 757, this is being --
this is our DLL3 antibody for small cell lung cancer based on the Phase I data that we saw there, quite
compelling. We advanced into potentially registration-enabling study in third-line small cell. And then
we're doing -- initiating the combo combination work that would support advancing that molecule into
earlier line, including frontline studies in small cell lung cancer.

We have 3 assets targeting metastatic prostate cancer, looking at 2 different targets, including AMG 340.
This is our low affinity, BiTE that's targeting PSMA, that's progressing well through dose escalation, as is
AMG 509, which targets a novel target called STEAP 1, also in dose escalation. We shared some pretty
encouraging data at the business update in February there and hope to progress that to expansion cohort
soon.

And then in -- just pivoting to general medicine. Quickly, we shared recently the top line results of the
long-term safety of Repatha. This is -- where importantly, we demonstrated there were no new safety
signals in patients who received the drug up to 8.5 years. So tremendous safety data set there. In
addition, a large majority of those patients were able to achieve their LDL targets, less than 40 mg per
deciliter. So I look forward to sharing more of that data.

And then I'll just mention Olpasiran, that's our first siRNA program, targeting Lp(a). That Phase IIb is
going to be reading out the first half of this year, and we're planning very much for success with that
program and an ability to pivot quickly into Phase II should those data read out as we hope them to.

And then I'll just end maybe with the biosimilars, we have 3 biosimilar programs that have Phase III
readouts this year, one for EYLEA, one for SOLIRIS and one for Stelara, and we just recently announced
positive results for the Stelara Phase III. So I think on the whole, we feel like we're pretty well positioned
to be advancing the pipeline, delivering novel innovative therapies for patients and hopefully, shareholder
return in the near and long term.

Geoffrey Christopher Meacham
BofA Securities, Research Division

Perfect. Thank you, Rob. Yes. So well, let's kick off the pipeline sort of question with LUMAKRAS. And so
the launch has gone well so far, but maybe just help us with your comfort level or your confidence in G12C
testing overall. Is that still a gating factor to rolling a patient on? What's the awareness that will look like
for that? And then beyond that combination is the next sort of leg up, are you guys thinking more beyond
PD-1 combinations? There is there a potential for other targeted therapy combinations looking to long and
other tumor types.
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Rob Lenz
Senior Vice President of Global Development

Yes. So I can start off. Peter, do you want to start off with the financials? I'll let you cover the financials.
So yes, I mean, I think there's some foundational aspects on the LUMAKRAS launch that we're very
comfortable with, and Peter can certainly address the financials.

One is we have now approvals in almost 40 jurisdictions and countries around the world. Within the U.S.,
we have very broad coverage, greater than 90% coverage. And the testing rate, specifically that you
mentioned, is greater than 80%. So those are, we think, are sort of important or foundational. And we
have a broad prescriber base, over 1,500 unique prescribers. So those all, we think, bode well for the
program, specifically around the G12C testing that you mentioned. So greater -- 80%, that's great.

The key is now to enable the physicians who are the prescribers who are literally sitting in the office
when that patient progresses from frontline in the second line, that they have immediate access within
the EHR, within the health care system to that testing data. And that's an opportunity that we see for
improvements. Our medical and commercial teams are squarely focused on helping enabling that literally
on an institution by institution.

So Peter, I don't know if you want to add in any of the...

Peter H. Griffith
Executive VP & CFO

I would just add in, like we were very pleased with $62 million in product sales in the first quarter. It's on
track to where we want it to be. I think Rob's point about making sure when they get to second line, they
see the report on the mutation. That will be helpful, and commercial is very focused on that. We want to
make sure as many patients as can get to LUMAKRAS get there. It's just a fabulous treatment for patients,
and so we're doing everything we can, and the financials will take care of themselves on that. We're very
confident in that.

Geoffrey Christopher Meacham
BofA Securities, Research Division

And other nuances between different geographies that you see as you roll it out in testing rates and
patient sort of capture?

Rob Lenz
Senior Vice President of Global Development

I can speak to the epidemiology at least. So we see about non-small cell lung cancer being 12% and 13%
of patients have G12C, harbor that mutation. And that's very similar in Europe in terms of the overall
epidemiology which represents a meaningful opportunity, we think, in Europe as well. When you look into
the Asia population, it's less. It's around 3% to 4%. So we think that's still an important contributor, but
not on the same sort of scale as the U.S. and Europe.

Geoffrey Christopher Meacham
BofA Securities, Research Division

But there's not a barrier, for example, in Europe, to G12C testing per se?

Rob Lenz
Senior Vice President of Global Development

Not the -- no, not that we've heard of. Still early days, but not that we've heard of.

Geoffrey Christopher Meacham
BofA Securities, Research Division

And then the combination, there's a lot of excitement on the potential for PD-1 combinations, but there's
a lot of other targeted therapies. And so I know you guys did the CodeBreaKer study, where you looked at
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a bunch of different tumor types. Is there sort of a basket trial down the road that you could do looking at
other targeted therapy like RAS or other 2, 3 drug combos that LUMAKRAS could be a part of that?

Rob Lenz
Senior Vice President of Global Development

Yes, yes. So the combination approach is really part of what I think is a broader strategy, and that's how
do we develop the data to advance LUMAKRAS into earlier lines of therapy across different indications to
start on non-small cell, and so there's sort of a multipronged approach that we're taking there.

One is the combination. Another is to look at where the highest unmet need is, where the patient -- what's
the patient population, that really is sort of what I'll call sub-optimally treated today. And that is, in the
non-small cell space, is really in the patients who have no PD-L1, what we call no PD-L1 expression, right?
And that represents about 1/3 of the total non-small cell patient population. So there's an opportunity
there that has compelled us to initiate quite a while back a monotherapy study looking at those patients
that are not expressing PD-L1 or who also have another co-mutation that we know is generally more
refractory to available therapy. So in that case, it's STK11. That trial is ongoing.

It also creates opportunities for combinations outside of PD-1 like chemotherapy. So we have a
chemotherapy combination cohort ongoing. We're encouraged by the data that we've seen there that
might represent an opportunity to go into, again, that PD-L1 low or negative.

And then in terms of the combination, we actually have -- we're taking a science-based approach but
will ultimately be driven by the clinical data, and so that's why we've taken such a broad approach. We
actually have over 10 combination cohorts that are underway, of which the PD-1 -- PD-L1 is one of those
cohorts as is the SHIP2 and a number of others. So that's -- we've taken this multipronged approach,
trying to get into that earlier line of therapy.

Geoffrey Christopher Meacham
BofA Securities, Research Division

Makes sense. Well, let's talk about TEZSPIRE. You mentioned the investments you're making there, but
maybe take a step back. And with the asthma market, there -- a lot of these inflammation markets, right,
are intensely competitive. Just give us maybe some anecdotes of the early part of the launch, so far this
year, the level of awareness of the drug and just kind of the marketing, blocking and tackling as it stands
now.

Peter H. Griffith
Executive VP & CFO

Well, let me just jump in. First quarter, we had $7 million of product sales. We disclosed the number. We
wanted to make sure people understood we're making good progress. We are extremely excited about
this. It's a great opportunity for us.

And let me let Rob get into kind of the eosinophilic levels and how the pulmonologists and the allergists
are dealing with it both in the same way but slightly differently since the pulms don't tend to want to test
quite as much or don't test quite as much as the allergists do. They find this to be a wonderful therapy, I
think, at least as we understand it, to prescribe for any of their patients with severe asthma, which is such
a difficult situation for -- many of us have relatives or colleagues or friends with this. I mean this is a very
serious situation, emergency room visits and so forth. So it's a great medicine for that.

And then over on the allergist side, they're doing more testing, but I think as Rob will explain. And as I
said in my words, those eosinophilic levels can go up and down and vary during the person's life. So it's
a wonderful therapy for that, at least certainly to get them on as quickly as possible. So Rob, I'll throw it
over to you.

Rob Lenz
Senior Vice President of Global Development
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Yes. I mean it's obviously early days in the launch, but I'd say there's some early indicators that give
us some high degree of encouragement. One is this idea of awareness, so the unaided awareness since
launch has increased to greater than 65%. So clearly, physicians are becoming more comfortable and
aware of the product.

And when we've talked with a number of them, I'd say uniformly, the message there is they're very
encouraged with the broad profile that it brings, right? And then the allergists and the pulmonologists sort
of remind us that it's actually often the case that there aren't these sort of clear distinctions of patient is
either allergic or eosinophilic or nonallergic, that actually there is a large portion of patients that manifest
both of those as drivers of their disease.

And even if you take a given patient at a given time who may look eosinophilic or predominantly
eosinophilic and then test them again in 6 months, they may not, right? So these patients ebb and flow.
So the idea of having a single solution that's targeting the broader population and then importantly that
same patient over the course of time is something that they've found very compelling and to not have to
sort of chase the biomarker has been a recurring theme that we've heard there. So encouraged by what
we're hearing from those physicians.

Geoffrey Christopher Meacham
BofA Securities, Research Division

Perfect. Okay. There's a lot to cover, so let me just go sort of product by product. So Otezla, very
impactful to the P&L. The contribution is pretty meaningful. I think the -- like a lot of inflammation
products, there was a bit of a COVID sensitivity to it. But now we're like you said, Peter, just getting close
to back to normal.

But I think investors have been asking a lot on the competitive landscape with respect to sort of the TYK2
threat. So I wanted to kind of get your perspective as we get close to ducravacitinib launching, what is
your confidence level and Otezla, what investments are you making commercially to try to continue to
grow that brand?

Peter H. Griffith
Executive VP & CFO

That's a great question, Geoff. Thank you. Now Otezla is a strong part of our priority growth brands. 7%
volume growth in the first quarter we'll continue to push really hard on volume growth. We felt January
and February were probably modest to moderately affected by the variant to some -- to a degree, but now
we're feeling like we're seeing some demand trends that are stronger in Otezla. We continue to be very
optimistic about Otezla and its new indication, mild to moderate broadly across psoriasis, and we think
that's going to be very helpful.

So in the first quarter, we also took advantage of being stronger on the co-pay. You'll see pricing was down
a little bit, patient assistance programs. We want to make sure we're very well positioned and establish
ourselves in a strong way in that space, as you say, as the competition begins to come in.

We're fully expecting, although it's hard to know what the label will be on the competition, but we just
assume it's going to be a good label. And we've always planned with Otezla to be going up against a good
label on that. We think we've got a great systemic product, no lab monitoring, very safe. I think we're up
around 700,000 patients or so now that have been through Otezla. So we're very optimistic and looking
forward to continuing to push really hard on it. So it's right up there in terms of our priorities and our
growth brands with Repatha and Prolia and EVENITY. And so we're excited about it, and we're optimistic
for the rest of the year.

Subject to surges of the -- of COVID and variants of concern, we'll just see what happens, but we're
certainly working very hard. And we're expecting the competition to be stiff, but we've always expected
that since -- when we announced this opportunity and this transaction in August of 2019.

Rob Lenz
Senior Vice President of Global Development

Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 213 of 557 PageID #: 9130



AMGEN INC. COMPANY CONFERENCE PRESENTATION |  MAY 11, 2022

Copyright © 2022 S&P Global Market Intelligence, a division of S&P Global Inc. All Rights reserved.

spglobal.com/marketintelligence 10

I'd just add, Peter. Late last year, we expanded the label into the mild to moderate patient population,
which will, of course, be unique across the systemic therapies. And Peter mentioned safety and physicians'
sort of comfort level with safety. Physicians are always thoughtful around safety across all diseases,
but I think it's particularly true when you think about some of the dermatologic diseases like psoriasis.
And when you start to move into a more mild patient population or mild even to moderate, one could
argue that will become even more important. So that's where we think Otezla is well established and well
positioned in terms of the overall risk benefit in the broad patient population.

Geoffrey Christopher Meacham
BofA Securities, Research Division

Makes sense. Okay. That's helpful. So biosimilars, you guys have had a growth franchise for several years.
And coming up, you have biosimilar HUMIRA for next year, and that could be a pretty high-impact product,
but there are a number of biosimilars launching. So maybe help us with how your -- you want to maximize
that initial period looking to next year. And do you agree that, that could be one of the bigger assets over
time in your biosimilar portfolio?

Peter H. Griffith
Executive VP & CFO

Well, thank you for that question. As we indicated at Business Review Day, we think AMJEVITA, our
biosimilar at HUMIRA is going to be a really important part of an inflection on growth for us beginning on
January 31, 2023. So the company is pulling all the stops, and we'll be fully prepared to be ready to go on
January 31, 2023.

First and foremost, at Amgen, it's always for the patients but also we think it's a great opportunity for a
thoughtful deployment of capital. We are very excited in commercial. We're going to be ready to go. It's --
look, it's an opportunity for us. We have a 5-month head start, just to be clear. The next competitor will be
in July of 2023.

Our history with patient experience, our history with devices, our history with supply chain stability and
strength, Amgen is every patient, every time for 40 years, and we just haven't missed on delivering
medicine to patients, our reputation in biologicals for all those years. So we feel really confident that we're
going to be able to establish ourselves in a very strong position there. And so we intend on, as we do at
Amgen, competing intensely and winning, and we're looking forward to that.

Geoffrey Christopher Meacham
BofA Securities, Research Division

To some degree, though, you have to tread lightly with respect to the pricing equation, the indirect effect
right on ENBREL.

Peter H. Griffith
Executive VP & CFO

We do -- what I would like to point out on ENBREL is we now have a nice portfolio, a very, we think,
constructive portfolio of inflam between ENBREL and Otezla and TEZSPIRE that Rob was just articulating,
the great strengths of and then now down in AMJEVITA. And that actually, Geoff, thank you. You bring
up a point that I meant to make as I was articulating that. We go to market with our biosimilars in the
commercial therapeutic area, which I think is different than with a lot of companies. We find that to be
efficient. We find it to be effective. And we think that's a key to our success with biosimilars. We think it
will be a key to our success with AMJEVITA, having it tucked in there with the other inflam drugs.

Geoffrey Christopher Meacham
BofA Securities, Research Division

Right. Perfect. Let's talk a little bit about external BD. It's a question that comes up a time especially
given the current environment. So Amgen, when you did the Micromet deal, it brought you a platform of
bispecifics that allowed multiple assets, multiple drugs for a lot of different indications. Is there -- as you
look across the landscape, is there a technology that you feel could also serve that role, for example, gene
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therapy, cell therapy, editing, things of that nature that could scale into multiple indications? Or is Amgen
thinking about BD more just at a higher level of what sort of P&L impact it could have in several years? So
is it sort of technology-based? Or is it sort of high level? You're probably going to say both.

Peter H. Griffith
Executive VP & CFO

I'm going to say E, all of the above. So at Amgen, we've got a long history using strategic business
development, all types of transactions, all stages of development, different modalities. So let's go back. I
think history is always a great indicator of the future.

Go back to last year, 7 strategic transactions. We start with an acquisition of Rodeo early in the year,
a preclinical inflammation asset, delighted with that. We go to Five Prime, which is an acquisition of a
derisked wonderful drug, Bema, addressing gastric cancer now in Phase III. Then we go to Kyowa Kirin, a
licensing transaction. Derisked asset, very excited about AMG 451. If you want the new name of it, Rob is
going to pronounce that. I am not going to do it.

Rob Lenz
Senior Vice President of Global Development

Rocatinlimab.

Peter H. Griffith
Executive VP & CFO

Rocatinlimab.

Rob Lenz
Senior Vice President of Global Development

Just flows right out.

Peter H. Griffith
Executive VP & CFO

This flows right out. I call it roca. And so -- and then we went to Teneobio. And Teneobio, interestingly
enough, you talked about Micromet. Well, Teneobio gave us a multispecific kind of new platform that we
like that tucks right into the bispecific platform, and we thought it was a nice advance there. In addition to
the SMA molecule, it's AMG 340.

And then we go to 2 early-stage collaborations, computational biology and targeted protein degradation
with Generate Bio and with Arrakis. And then we had kind of the out-licensing and the investment in
Neumora with some of our neuro assets. So Geoff, we are all stages, all time lines. We have Amgen
Ventures, so we could certainly keep in touch with and in contact with different modalities, and we'll
continue to do that. We'll be thoughtful.

Last year, we spent over $3 billion on upfront payments in addition to thoughtfully executing about $5
billion of opportunistic share repurchases. So we're thoughtful about capital allocation. Strategic business
development is important. Acquiring the best innovation, whether internal and external, is #1 in our
capital allocation hierarchy, and it will continue to be there.

So a long answer to your question, but a really important question for us. All hands on deck. Rob in
Research and Development, Dave Reese worked closely with Murdo Gordon in commercial with Rachna
Khosla who took over business development from Dave Piacquad on January 1. He's doing a great job,
and we're a company fully committed to finding that best innovation internal or external.

Geoffrey Christopher Meacham
BofA Securities, Research Division
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And Rob, along those same lines, are there technologies that you feel like Amgen still needs to have
access to or could be more impactful going forward? Or is there enough sort of tools that you have at your
disposal per Peter's talk about all the deals that you've done.

Rob Lenz
Senior Vice President of Global Development

Well, it's been a great strategic set of investments to build out our platform capabilities, particularly in
the research side over the last year. I mean, it's really -- I think just a really nice cohesive strategy there.
That being said, we're always looking, right, to the outside to bring in external innovation, be it on a
molecule -- particular molecule that we think is going to address a meaningful unmet need or in a platform
that will be a capability build.

And so the ones that come up a lot, and I'm not surprised, I think you mentioned, Geoff, gene therapy,
RNA therapy. The one you didn't mention is antibody drug conjugate in the oncology space. These are
areas that there's a lot of investment. We're starting to see those move in a meaningful way. I'd say we're
constantly surveilling that landscape. And when we think the time is right from a scientific perspective to
jump in, we have that freedom -- the financial freedom that Peter gives us to be able to act on those. But
I'd say nothing immediate, but those are some areas that we're keeping a close eye on.

Geoffrey Christopher Meacham
BofA Securities, Research Division

Perfect. In addition to looking at sort of external opportunities, one of the things to -- that investors talk
about with respect to just overall growth is the whole BeiGene relationship and the Asian opportunity.
Where -- you think about the -- what are the challenges in some of those regions? And just give us sort of
a 30,000-foot view, Peter, about how you would sort of grade the access on the BeiGene collaboration thus
far. And looking forward, how much do you think you could really impact the P&L looking out 5-plus years?

Peter H. Griffith
Executive VP & CFO

Well, look, we're pleased with the collaboration. Let me start with what's in market right now. So they're
in market with BLINCYTO, XGEVA and KYPROLIS. And we're very pleased with the results on those 3. So
they're handling that on -- those in-market oncology products for us. At the same time, kind of thinking
about China broadly, we've still got our general medicine portfolio there. Repatha just got on the NRDL.

So we're excited about that. So that's going well. And so we're pleased in the relationship in that. We
continue to work on a collaboration on the oncology products with them as we articulate on a regular
basis, and so we're pleased with what's going forward. China is the second largest pharmaceutical market
in the world. We intend on continuing to be focused on it, but it's always helpful and constructive to have a
relationship with -- like that with somebody on the ground there with BeiGene and work our way through
it with them. So we're pleased where we sit with that.

We'll continue not just in China with BeiGene, but also things are going very well for us in Japan. We're
excited about that. So Asia Pacific will be, as we've indicated, a strong area of growth for us overall
through 2030 and really help lead us towards the company that, as we indicated at Business Review Day,
we increase outside the United States to 35% or more where we are today and continue to globalize.
We've got great medicines that treat large effect sizes and people with serious illnesses. So we want to
make sure we're getting them out across the world.

Geoffrey Christopher Meacham
BofA Securities, Research Division

Perfect. Okay. Well, with that, we're out of time. So guys, thank you very much to you.

Peter H. Griffith
Executive VP & CFO
Geoff, thank you and thank BofA Securities.
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Presentation
Salveen Jaswal Richter
Goldman Sachs Group, Inc., Research Division

Good morning. Thanks, everyone, for joining us. Really pleased to have the Amgen team with us. We have
Peter Griffith, CFO; and Dave Reese, Head of R&D. With that, earlier this year -- actually, I'm going to turn
it over to you, Peter, first to start with any opening comments.

Peter H. Griffith
Executive VP & CFO

Great. Thank you, Salveen. Good morning, everyone. And thank you, Goldman, for the 43rd Healthcare
Conference. That means I did my math. That means it must have started about when Gene Sykes
graduated from college. So I know he's not here, so I can get away with that.

So listen, at Amgen, we always begin with patience. Our mission at Amgen, we're a mission-driven
company, is to discover, develop, manufacture and distribute and deliver first-in-class and best-in-
class medicines to patients all over the world. And the first quarter was a great indicator that we're on
track to deliver against our long-term objectives and, more importantly, against that mission that we
communicated at the February business review meeting. We executed efficiently and delivered in the first
quarter. We delivered 6% revenue growth year-over-year, and 15% non-GAAP earnings per share growth
year-over-year.

Now let me give you a couple of factors underlying our long-term growth objectives. Before I do that, let
me remind you, at Amgen, we think about the current year and executing in 2022. We think about the
forward 12 quarters and how we're going to dynamically reallocate capital and meet our objectives for
our patient shareholders in that time period, and then we think about through 2030 and beyond, creating
value over the long term.

We've reaffirmed going to 2022 our revenue and non-GAAP EPS guidance ranges despite by headwinds.
We noted on the first quarter call that our guidance ranges included unfavorable foreign exchange impacts
of $400 million to revenue and about $0.35 to non-GAAP earnings per share. We also increased our full
year OI&E guidance to $1.6 billion to $1.8 billion of net expense from the previous $1.4 billion to $1.6
billion range. This reflects our share of the BeiGene result and also reflects rising interest rates, which we
may hear about more today from Chairman Powell, I think. We expect OI&E net expense of approximately
$400 million in the second quarter.

The second very important aspect of our journey towards meeting our objectives in 2030 is our strong
volume growth from our innovative brands, which will be the key. Repatha was up 49% in volume in the
first quarter. Prolia was up 10%. EVENITY, up 59% in volume. Otezla was up 7% in volume as well as we
had 11% volume growth across our 6 innovative oncology drugs.

We're pleased with the launches of LUMAKRAS in the second-line non-small cell lung cancer setting,
and with TEZSPIRE for severe asthma. Our 5 commercialized biosimilars are performing in line with our
expectations. As we've previously said, our biosimilars portfolio really will perform better and better when
we're the new -- first product in or we're into a new market. We're continuing to make progress on our
international growth strategy.

Let me remind you that in 2021, we exceeded $1 billion in revenue from the Asia Pacific region. We
had 15% ex U.S. volume growth in the first quarter and nearly 30% in the Asia Pacific region. As we
always do, we like to remind ourselves and all of you that we have a strong balance sheet. We generate
significant cash flow and retain significant financial flexibility when we evaluate strategic business
developments. And we're committed to pursuing the best innovation available, whether it's internal or
whether it's externally generated.

And speaking of innovation, it's a good time to turn it over to my colleague, Dave Reese.
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David M. Reese
Executive Vice President of Research & Development

Thanks, Peter. Thanks, Salveen. It's great to see you and everyone in person this year back at the
beautiful setting.

A lot going on in the pipeline. Let me recount a few of the highlights here, and then I'm sure we'll return
to a lot of these themes in the course of the conversation. First, in our inflammation portfolio, TEZSPIRE
launch is going well. We've initiated 2 new studies in asthma, and we are exploring or about to initiate
trials in 4 additional indications, very nice progress there. We have made progress in the rocatinlimab, or
AMG 451 program. This targets OX40 for atopic dermatitis. I'm pleased to announce that we have initiated
enrollment in the first Phase III trial, what will be a suite of trials. That program is now up and running.

In General Medicine, some nice announcements recently. You have seen top line results from the Repatha
open-label extension study, several thousand patients studied for 5 years or more, up to 8.5 years,
demonstrating long-term safety, tolerability and efficacy for Repatha. We hope to share those results at
one of the major cardiology congresses later in the year. Likewise, we're looking forward to sharing results
from the Olpasiran program. This is a small interfering RNA that lowers LP(a) levels. We had top line
results from the Phase IIb study. I think exceptionally good results. I really like this molecule. It lowered.
Most doses studied levels of LP(a) by greater than 90% with what appears to be a clean safety profile. So
that program is moving along.

In oncology, also progress. At the AACR meeting, we presented a combined analysis from our Phase I and
Phase II data of LUMAKRAS monotherapy on lung cancer showing that roughly 1/3 of patients were alive
at 2 years. I think a very compelling result. We are on track for the confirmatory trial against docetaxel to
read out in the third quarter and remain on track to generate data from the dose comparison study in the
fourth quarter of this year.

I did want to take a minute and pause here because there's been an enormous amount of speculation
in the last few years about how potential putative differences in pharmacokinetics, physicochemical
properties, tissue penetration and the like would lead to clinical differentiation. We didn't think that would
be the case. And in the event the data that we're seeing emerge, I think, justifies our belief in LUMAKRAS,
both in terms of efficacy, particularly duration of response, where we look very strong, and a safety
profile, 21% Grade 3 or 4 treatment-related adverse events, less than half the rate recently reported in
the field. So I'm very, very confident in the clinical profile of this molecule.

Now there's a lot of interest in combination therapy. We'll come back to that as we've announced both
checkpoint inhibitor, PD-1 and SHIP2 combination data will be shared a little later this year. They've
been submitted to one of the major congresses. Beyond LUMAKRAS in the oncology portfolio, the
bemarituzumab program in gastric cancer is enrolling 2 Phase III trials now. We have a Phase Ib signal-
seeking study in squamous non-cell -- small cell lung cancer that is also up and running.

And then finally, in oncology in the bispecific portfolio, also forward momentum. Tarlatamab, or AMG
757, targeting DLL3 in small cell lung cancer, we continue to enroll, potentially registrational. Phase II
trial enrollment is actually quite brisk in that study. We are investigating now tarlatamab in the first-line
setting, and we are investigating it in neuroendocrine prostate cancer.

I had a chance to talk to a number of investigators at ASCO recently within the last couple of weeks. I
think a real wave of enthusiasm building behind that molecule, folks wanting more treatment slots for
their patients, proposing investigator-sponsored studies, the sorts of things you see when people really
get interested in the clinical profile.

In the prostate cancer portfolio, AMG 509 that targets STEAP1 continues to move along nicely. We
continue to see what I think are very nice clinical data there. That's a program to watch. And then as we
have discussed previously, we have 2 molecules targeting PSMA, AMG 160, AMG 340. Based on the data
we've seen across both of those programs, we have elected to prioritize AMG 340 and deprioritize AMG
160, and the AMG 340 program continues to move along briskly as well.

Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 223 of 557 PageID #: 9140



AMGEN INC. COMPANY CONFERENCE PRESENTATION |  JUN 15, 2022

Copyright © 2022 S&P Global Market Intelligence, a division of S&P Global Inc. All Rights reserved.

spglobal.com/marketintelligence 6

And then finally, as Peter mentioned, the biosimilars portfolio is doing well. We had recent Phase III top
line results of ABP 654, biosimilar to STELARA. Looked quite nice, and we're on track for the Phase III
programs for biosimilars to EYLEA and SOLIRIS, and we're on track to launch AMGEVITA in January of next
year. So a lot of, I think, very sort of crisp, top-notch execution across the portfolio right now.
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Question and Answer
Salveen Jaswal Richter
Goldman Sachs Group, Inc., Research Division

Perfect. Peter, maybe we'll start with you. You hosted a business review meeting earlier this year and
provided long-term guidance. When you looked at 2030 guidance, we got to about $38 billion in revenue
at the midpoint of our math. What gives you confidence in achieving that number? And with Repatha,
there were some questions as to what's embedded in your assumptions to get to that run rate that you
provided?

Peter H. Griffith
Executive VP & CFO

Salveen, it's a great question. We are -- we indicated we anticipate mid-single-digit growth through 2030.
And so with that, let's start with Repatha. Repatha we indicated will be a multibillion-dollar franchise.
We've seen actually strong volume growth this year, as I mentioned just a few moments ago. We see
in, for example, in the United States, by the end of the decade, about 50 million people with serious
cardiovascular disease, maybe about half of those would be pretty good candidates for Repatha. So a large
market there.

Think about China and think about the same opportunity there, by way of example. And we did just go
on NRDL over in China earlier this year. So we focus on that as a large part of the market. There's low
PCSK9 penetration. We think that's really important to keep in mind. Third, we anticipate now moving
from really a continuing focus on cardiologists down into the focus on the PCPs. And we think there's a
great opportunity there to do a great job and bring them over and more importantly, their patients. We
think that's really important.

We've got access at a point we think that's been unlocked. So we've got the fixed copay we've talked
about before, $50 or so under Medicare. We've got broad access, greater than 80% of the covered lives in
the United States at this point. And then in 2025, we expect data on our outcomes trial on VESALIUS. And
Dave could certainly give you some more details on that. But at least in my notes, I think that unlocks up
to even more than 750,000 potential new patients.

So Repatha is a key component. And 1 out of 3 people on the globe die because of a cardiovascular
problem. So we're going to continue to move very forward aggressively in that and allocate capital to
Repatha. It's on the top of our prioritized agenda. Biosimilars, we talked about that in 2021. You'll recall,
we had about $2.2 billion or so in biosimilar revenue. And we've indicated that we expect that to more
than double by 2030.

We're excited about the launch of AMGEVITA in the United States next January, January 31. We have
a 5-month head start on our competition, and we think that's going to be an important opportunity for
us in our biosimilar portfolio. We have 3 more coming after that through 2025. We've got biosimilars to
STELARA, to EYLEA and I think the other one is Rituxan, isn't it? And so -- and then we've got 3 more
after that. So we have 5 in the market, and we'll have 6 between now and 2030. And so we're really
looking forward to continuing to move that forward. We think that's really important.

We'll continue to have new launches. Dave will talk about that. I'm sure you're going to ask him some
questions about the great potential in our pipeline and what's coming along there. He just mentioned a
number of those, which make up new launches. We include those with TEZSPIRE and with LUMAKRAS
and so forth. And then finally, we wanted, during business review day, Salveen, to remind people that the
erosion curves on our biologics tend to be quite a bit slower than those, of course, on small molecules.

So when we look at those -- the larger molecules in the portfolio and the LOEs that come through the end
of the decade, we feel strongly that the erosion curves are just different and they take longer. And we
actually gave some examples going back to 2014 when we looked at our portfolio, about 40% of which at
the time came from large molecules that were going to be under LOE expiration in the coming years. And
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out of that 40% that we looked at in 2014, 10% of that -- 10 percentage points, so 25% of those are still
with us today generating significant important cash flow.

I think in the first quarter, cash flow from our established products was over $1 billion, generates great
cash flow for us to fund innovation, both internal and external. So as we make our way through to 2030,
that's the journey we see. We're executing hard on it, as I said, and we're excited to be able to deliver for
patients and for shareholders long-term growth.

Salveen Jaswal Richter
Goldman Sachs Group, Inc., Research Division

Could we -- or could you also speak to business development? You talked about external growth. Maybe
2 questions here. One, you're already 2.5x levered, would you go higher than that? And then two, what
is the urgency? If you look at your LOEs, they're more towards the back end of the second half of the
decade, so what is the urgency to do something today?

Peter H. Griffith
Executive VP & CFO

I'm glad you asked the question about business development because I forgot to remind all of us that
our plan is organic only that -- so we gave guidance on what we call our cards in hand. And so we feel
like we've got the assets. And if we execute on it, we execute on the pipeline, which we're feeling very
confident about, we get to 2030.

Now let's get to business development. So when you think about our capital structure, we like our efficient
capital structure. It's been fairly consistent the past number of years. I've indicated that I think it works
for us. It might go up a little bit, it might go down a little bit. But it provides us an efficient capital
structure. We want to yield kind of an optimal WACC, weighted average cost of capital. We don't want to
minimize WACC. We like our ratings. We have strong investment-grade ratings. We think that's important
for us.

We accessed the market -- in the last 2 years and 3 months, we accessed the market 4x for a total of $18
billion at very favorable rates. We were fortunate to get into the market at the right time. We think that's
important. So when we look at opportunities, Salveen, and how we would finance them, we'll continue to
go with an efficient capital structure. There have been times when Amgen levered up a little bit more. And
I think historically, if somebody wanted to look at that and kind of consider how that feels, that's about
what we -- those are probably a decent guide.

But on the other hand, in that instance, when we did lever up, there was a clear plan within 24 months
or so to get back down to where we were. We like that. We like to use our cash flow to kind of stay
where we're at, if in the event we did something like that. But then kind of more broadly on business
development and thinking about where we go on it. We haven't changed our methodology, our process.
We've got a very strong way we interrogate this with Dave in research and development, with Murdo in
Commercial, and with Rachna Khosla, who's taken over business development from Dave Piacquad on
January 1, strong team. We want to have a view on just about everything out there.

I'm sure we'll get a lot of questions on small and mid-caps and so forth. We work to interrogate everything
and look at it. That team looks at it. And we want to make sure we're the best buyer. We want to make
sure, number two, we always say we're prudent. We look at cash-on-cash returns, make sure they're
above our hurdle rate. Three, we feel really strongly about being in one of kind of our 3 discovery areas,
where we have research and where that kind of supplements what we acquire. And fourth, we think it's
important to acquire opportunities that we can, on a very timely basis, integrate into what we do.

We're agnostic on structure. Last year, we did any number of structures. Acquisitions, we did a licensing
with Kyowa Kirin. We did an out-licensing with [ Novero ] where we put some money into it. And then we
did some early stage investing in collaboration work with Generate Biosciences and Arrakis. So kind of a
-- I figured I'd give you a little longer drive, which in Los Angeles and traffic happens, through kind of how
we think about our capital structure and our business development opportunities.
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Salveen Jaswal Richter
Goldman Sachs Group, Inc., Research Division

Great. So Dave, you talked about LUMAKRAS and the data sets that have come out recently, and we're
going to see combo data in the second half of the year. How do you think about, I guess, when you look at
the profile of your drug, it seems like, and correct me if I'm wrong, but tolerability seems to be the focus
for doctors. So when you think about the combination approach here and you're doing combination and
sequencing, how do you think about getting that optimal profile? And what's your conviction that you can
get that over the goal line here?

David M. Reese
Executive Vice President of Research & Development

Yes. No, it's a great question and obviously, intense interest in the field in combinations. I'd start by
reminding everyone, we've got more than 10 combinations under investigation, all of which have biologic
and clinical rationale. I think those questions have to be answered empirically now in the clinic, and we're
moving along quite quickly to do that. The -- when we think about lung cancer, in particular, where there's
a lot of focus right now and how you might move into earlier lines of therapy. Historically, it's been hard
to combine small molecules with checkpoint inhibitors. In fact, most have washed out for one reason or
another.

As we mentioned, we'll present what we think is a comprehensive look at that question a little later in the
year. It's also important to think about that patient population, which is divided roughly 1/3, 1/3, 1/3 into
tumors that are negative for PD-L1 expression, low to intermediate for PD-L1 expression and then high
expressers. Because the clinical approach, I think, over time, and those that also have the G12C mutation,
may vary.

In the PD-L1 negative population, for example, we have interesting early data on chemotherapy-
LUMAKRAS combinations, and in fact, have had very good discussions with regulatory agencies, and we'll
be launching a Phase III trial in that population in combination with chemotherapy. We are defining the
checkpoint inhibitor approach. And like I said, we will present that a little later in the year. There are
multiple other combinations shipped to other small molecules, cytotoxic chemotherapy, not restricted to
lung cancer, but targeting, in particular, some of the GI malignancies. Colorectal cancer at the top of the
list, but pancreatic cancer and others where there is some frequency of G12C mutations.

Salveen Jaswal Richter
Goldman Sachs Group, Inc., Research Division

And there was -- I think, coming out of ASCO, there was a presentation looking at chemo in G12C
patients, KRAS patients. And so there's been some question as to how to think about the risk to the
confirmatory study. I guess, just posing that to you, how confident are you that, that confirmatory study...

David M. Reese
Executive Vice President of Research & Development

Yes. I mean the confirmatory study, to remind everyone, is a head-to-head trial against docetaxel in the
second-line setting. We're confident in that trial. It is powered on progression-free survival. That was after
extensive discussions with the FDA and regulatory authorities. So a 90% power to detect a meaningful
difference in progression-free survival. I think if we see something like the results we saw in the pivotal
trial, I'm quite confident there. I think the adverse event profile should be, if anything, better based on
everything we've seen.

We now have 6,500 patients treated with LUMAKRAS across the clinical development program, expanded
access programs around the world now and with commercial product. There are 3,000 patients in the
expanded access programs. We hope to share those data as well later in the year. But we're really seeing
an adverse event profile in the real world that mimics what we saw in the CodeBreaK 100 trial.

Salveen Jaswal Richter
Goldman Sachs Group, Inc., Research Division
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Is the impact on active brain metastases a key differentiating factor? I'm just curious. We've never seen
that data from your side.

David M. Reese
Executive Vice President of Research & Development

Sure. As I mentioned, a lot of putative differentiated factors have come and gone. I'm quite comfortable
with our profile. We're actively enrolling a trial with a decent sample size in patients with active brain
metastases. I fully expect that we will be very competitive in that domain as well. Everything we
understand about the biochemistry suggests that will be the case. We've got lots of anecdotal reports of
responses in the brain.

So I think one of the keys here is to be wary when you look at a handful of patients followed for a very
short period of time. And in general, our approach is to give you a more robust look at the data.

Salveen Jaswal Richter
Goldman Sachs Group, Inc., Research Division

Peter, can we talk about the biosimilar business here and your assumptions on durability and new entrants
from your portfolio? What is your strategy when you take into account? Or where is the upside when you
talk about doubling the revenue by the end of the decade, but why couldn't it be more?

Peter H. Griffith
Executive VP & CFO

Well, I like the premise of your question. But what I would say, Salveen, is the way we think about it
is where I started, which is you want to be first in the market if you can be and you want to enter new
markets. If you can do both at the same time, that's great.

So by way of example, when we think about the biosimilar market, take adalimumab with the largest
selling biosimilar in Europe on that. We have good experience there. We were first to market. We're
going to be first to market in the United States with that January 31 of next year. We think that's really
important as we think about it. So we are fully prepared as a company and very prioritized on achieving
that objective and making sure that it gets to as many patients as we can.

In response to your question on kind of a more overall basis, we think about the biosimilar portfolio,
as I said earlier, 5 in market, 6 coming, 3 we've talked about, 3 we haven't. And I think we've talked
about the 3 that haven't come here that they're on innovative molecules of tens of millions of -- tens of
billions of dollars. And so we think there's a very robust market for us to go at. We intend to go at it very
thoughtfully.

But we think the 11 create an analog to a super blockbuster. So some will stay with us longer. So the
erosion curve may be a little bit less steep and some may have a steeper erosion curve. But overall, we
expect those 11 to aggregate into a kind of a super blockbuster look. The margins we've indicated are not
dilutive to our overall corporate margins. And so we think there's really an opportunity to kind of shape
that together.

And so that's what excites us about the biosimilar market. And certainly, it addresses a need in the health
care system. And so we like to be there. Amgen has been working on biologics for decades. Probably
we'd like to think of ourselves as the leader in the world. We've got great patient experience. We've got a
supply chain that matches everyone in that, if not exceeds it. So there's certainly suppliers certainly. So
we've got all the key ingredients to build this great portfolio of biosimilars.

We've indicated we think it will be more than double what it was in 2021. And probably the one last point
I would make that we think has been a differentiating point and helps in our efficiency is we commercialize
these in the therapeutic area into which they fall. And so for us, that's worked out to be really helpful,
not just in terms of kind of addressing formulary desires and kind of demand there, but also in terms of
just efficiency and being able to get them out. And that's worked well. And so we look forward to having
biosimilars as a key component of this mid-single-digit growth on the way to 2030.
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Salveen Jaswal Richter
Goldman Sachs Group, Inc., Research Division

When we look at your portfolio of Otezla and TEZSPIRE and OX40 and other programs in the clinic, maybe
a twofold question here. One, how comfortable are you with the growth outlook for the commercial
assets? And then two, the science in terms of the competitive aspect and versus what's out there?

Peter H. Griffith
Executive VP & CFO

You want to start with the science?

David M. Reese
Executive Vice President of Research & Development

Sure. So TEZSPIRE, as I've said, I think is a great molecule. It's one I've been involved with since it went
into the clinic. We're seeing, I think, a very pleasing launch. We are seeing use by both allergists and
pulmonologists. And we're seeing use in both patients with low eosinophil counts where we thought might
be the initial headway, but actually in those with high eosinophils as well. There are 2.5 million people
around the world with severe asthma currently underserved, more than 1 million in the United States. So
we're very pleased with our partners, AstraZeneca, where we sit there.

And as I said, we've got a very robust life cycle plan in place in other indications where there is evidenced
biology behind the TSLP pathway being a potential initiating event. When we turn to the OX40 program.
Again, this is one I like quite a bit. Rocatinlimab, as I mentioned, the Phase III program is now launched,
enrolling patients. There will be roughly half a dozen studies as part of that program, which we're calling
ROCKET.

It will address a wide swath of patients with atopic dermatitis. Those who are biologics-naive or
experienced, those who are JAK inhibitors-naive or experienced, range of ages, range of ethnic
populations. If we step back, I sort of think about atopic dermatitis is taking an evolution. As we saw with
psoriasis, 25 years ago, there were no biologics for psoriasis. The TNF inhibitors are introduced. Now there
are multiple mechanisms of action, pathways in a very robust market. I think you're going to see the same
thing play out in atopic dermatitis, which is a more, in my view, more prevalent disease, and we currently
appreciate.

And as additional effective therapies become available, that patient pool will grow. And many of these
patients will cycle on therapy. So we like rocatinlimab. It both inhibits signaling through the OX40 pathway
and reduces the number of pathogenically activated OX40-bearing T cells, which is a fundamental driver of
the pathogenesis of the disease. And we're looking forward to pushing that Phase III program along.

Peter H. Griffith
Executive VP & CFO

Maybe just a quick add on Otezla. Otezla is a really important medicine. We received that mild to
moderate indication, very important label for patients, in December. And so we see that as a really
important component of our inflammation growth through most of the decade. We've indicated, kind of
on average, low double digit growth through its expiry in 2028. And so we think it's a great medicine.
It's -- as we way, it's kind of a post-topical, prebiologic medicine. Dermatologists find it very attractive to
prescribe. The awareness is very high of it.

And we're working very hard, very focused on Otezla to keep the volume up and continue to make sure
it's getting out to as many patients as possible. And we've conceded some price on that to move it in
the first quarter, just to make sure it's getting out there and the new indication is taking hold, and we'll
continue to work on that. But we feel strongly that it's going to be a very, very attractive component of
our inflammation immunology portfolio through its expiry in '28.

Salveen Jaswal Richter
Goldman Sachs Group, Inc., Research Division
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Dave, lastly, what are you most excited about in the pipeline?

David M. Reese
Executive Vice President of Research & Development

I've mentioned a lot of the molecules, I would probably come back to tarlatamab as well, one that gets
maybe a little less attention than it ought to. This is again the program targeting DLL3 in small cell lung
cancer. We should be presenting updated data from the Phase Ib dose escalation and dose expansion
study at a medical meeting in the coming months. That's worth paying attention to. I think additional
programs in the inflammation portfolio, AMG 570, which targets both T and B cell pathways in lupus
as well as AMG 592, an IL-2 mutein, also being investigated on lupus and ulcerative colitis are worth
watching. And then AMG 133 in obesity, dual mechanism of action. Very interesting early clinical data,
some of which I shared at our business review in February, that one's worth keeping an eye on as well.

Salveen Jaswal Richter
Goldman Sachs Group, Inc., Research Division

Great. Well, with that, thank you so much, Peter. Thank you, Dave.

Peter H. Griffith
Executive VP & CFO

Thank you, Salveen.

David M. Reese
Executive Vice President of Research & Development

Thank you.

Salveen Jaswal Richter
Goldman Sachs Group, Inc., Research Division

Thank you.

Peter H. Griffith
Executive VP & CFO
Nice to see you. Thank you.
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Provided November 3, 2022, as part of an oral presentation and is qualified 
by such, contains forward-looking statements, actual results may vary 
materially; Amgen disclaims any duty to update.

SAFE HARBOR STATEMENT
This presentation contains forward-looking statements that are based on management’s current expectations and beliefs and are subject to a number of risks, uncertainties and assumptions that could cause actual results to differ materially
from those described. All statements, other than statements of historical fact, are statements that could be deemed forward-looking statements, including any statements on the outcome, benefits and synergies of collaborations, or potential
collaborations, with any other company, (including BeiGene, Ltd., Kyowa-Kirin Co., Ltd., or any collaboration to manufacture therapeutic antibodies against COVID-19), the performance of Otezla® (apremilast) (including anticipated Otezla sales
growth and the timing of non-GAAP EPS accretion), the Five Prime Therapeutics, Inc. acquisition, the Teneobio, Inc. acquisition, or the ChemoCentryx, Inc. acquisition, as well as estimates of revenues, operating margins, capital expenditures,
cash, other financial metrics, expected legal, arbitration, political, regulatory or clinical results or practices, customer and prescriber patterns or practices, reimbursement activities and outcomes, effects of pandemics or other widespread
health problems such as the ongoing COVID-19 pandemic on our business, outcomes progress, and other such estimates and results. Forward-looking statements involve significant risks and uncertainties, including those discussed below
and more fully described in the Securities and Exchange Commission (SEC) reports filed by Amgen, including Amgen’s most recent annual report on Form 10-K and any subsequent periodic reports on Form 10-Q and current reports on Form 8-
K. Please refer to Amgen’s most recent Forms 10-K, 10-Q and 8-K for additional information on the uncertainties and risk factors related to our business. Unless otherwise noted, Amgen is providing this information as of November 3, 2022
and expressly disclaims any duty to update information contained in this presentation.

No forward-looking statement can be guaranteed and actual results may differ materially from those we project. Our results may be affected by our ability to successfully market both new and existing products domestically and internationally,
clinical and regulatory developments involving current and future products, sales growth of recently launched products, competition from other products including biosimilars, difficulties or delays in manufacturing our products and global
economic conditions. In addition, sales of our products are affected by pricing pressure, political and public scrutiny and reimbursement policies imposed by third-party payers, including governments, private insurance plans and managed
care providers and may be affected by regulatory, clinical and guideline developments and domestic and international trends toward managed care and healthcare cost containment. Furthermore, our research, testing, pricing, marketing and
other operations are subject to extensive regulation by domestic and foreign government regulatory authorities. We or others could identify safety, side effects or manufacturing problems with our products, including our devices, after they are
on the market. Our business may be impacted by government investigations, litigation and product liability claims. In addition, our business may be impacted by the adoption of new tax legislation or exposure to additional tax liabilities. If we fail
to meet the compliance obligations in the corporate integrity agreement between us and the U.S. government, we could become subject to significant sanctions. Further, while we routinely obtain patents for our products and technology, the
protection offered by our patents and patent applications may be challenged, invalidated or circumvented by our competitors, or we may fail to prevail in present and future intellectual property litigation. We perform a substantial amount of our
commercial manufacturing activities at a few key facilities, including in Puerto Rico, and also depend on third parties for a portion of our manufacturing activities, and limits on supply may constrain sales of certain of our current products and
product candidate development. An outbreak of disease or similar public health threat, such as COVID-19, and the public and governmental effort to mitigate against the spread of such disease, could have a significant adverse effect on the
supply of materials for our manufacturing activities, the distribution of our products, the commercialization of our product candidates, and our clinical trial operations, and any such events may have a material adverse effect on our product
development, product sales, business and results of operations. We rely on collaborations with third parties for the development of some of our product candidates and for the commercialization and sales of some of our commercial products.
In addition, we compete with other companies with respect to many of our marketed products as well as for the discovery and development of new products. Discovery or identification of new product candidates or development of new
indications for existing products cannot be guaranteed and movement from concept to product is uncertain; consequently, there can be no guarantee that any particular product candidate or development of a new indication for an existing
product will be successful and become a commercial product. Further, some raw materials, medical devices and component parts for our products are supplied by sole third-party suppliers. Certain of our distributors, customers and payers
have substantial purchasing leverage in their dealings with us. The discovery of significant problems with a product similar to one of our products that implicate an entire class of products could have a material adverse effect on sales of the
affected products and on our business and results of operations. Our efforts to collaborate with or acquire other companies, products or technology, and to integrate the operations of companies or to support the products or technology we
have acquired, may not be successful. A breakdown, cyberattack or information security breach of our information technology systems could compromise the confidentiality, integrity and availability of our systems and our data. Our stock
price is volatile and may be affected by a number of events. Our business and operations may be negatively affected by the failure, or perceived failure, of achieving our environmental, social and governance objectives. The effects of global
climate change and related natural disasters could negatively affect our business and operations. Global economic conditions may magnify certain risks that affect our business. Our business performance could affect or limit the ability of our
Board of Directors to declare a dividend or our ability to pay a dividend or repurchase our common stock. We may not be able to access the capital and credit markets on terms that are favorable to us, or at all.

The information relating to our Q3 results is expressly limited to information through September 30, 2022, and future results are subject to the effects of the ongoing COVID-19 pandemic on our business, including disruptions and effects on our
product sales, and extrapolation on such results should include the timing and effects of the COVID-19 pandemic discussed in our oral presentation and our Form 10-Q for the period ended September 30, 2022.

This presentation includes GAAP and non-GAAP financial measures. In accordance with the requirements of SEC Regulation G, reconciliations between these two measures, if these slides are in hard copy, accompany the hard copy
presentation or, if these slides are delivered electronically, are available on the Company's website at www.amgen.com within the Investors section.
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• Key products grew through volume
• Launch brands LUMAKRAS® and TEZSPIRE® are reaching more 

patients
• Invested in first-in-class pipeline opportunities and product 

launches, while delivering robust operating margins
• Completed acquisition of ChemoCentryx, adding recently launched 

TAVNEOS® to our innovative product portfolio
• Strong balance sheet and significant cash flow generation provides 

flexibility for investment in external innovation

WE DELIVERED ANOTHER STRONG QUARTER IN Q3
Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 236 of 557 PageID #: 9153



Q3 ’22 BUSINESS RESULTS AND OUTLOOK

Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 237 of 557 PageID #: 9154



6
Provided November 3, 2022, as part of an oral presentation and is qualified 
by such, contains forward-looking statements, actual results may vary 
materially; Amgen disclaims any duty to update.

$ Millions, Except Non-GAAP EPS

All income statement items for Q3 ’22 and/or Q3 ’21, except revenue and average shares, are non-GAAP financial measures—if this slide is in hard copy, see reconciliations accompanying the presentation, or if this slide is delivered electronically, see 
reconciliations available at: www.amgen.com within the Investors section. Beginning January 1, 2022, the Company's non-GAAP financial measures no longer exclude adjustments for upfront license fees, development milestones and IPR&D expenses 
of pre-approval programs related to licensing, collaboration and asset acquisition transactions. For purposes of comparability, the non-GAAP financial results for the third quarter of 2021 have been updated to reflect this change.

Item Q3 ’22 Q3 ’21 B/(W) %
Revenue $6,652 $6,706 (1%)

Product Sales 6,237 6,320 (1%)
Other Revenues 415 386 8%

Non-GAAP Operating Expenses 3,375 3,654 8%
Cost of Sales % of product sales 1,003 16.1% 997 15.8% (1%)
R&D % of product sales 1,096 17.6% 1,397 22.1% 22%
SG&A % of product sales 1,276 20.5% 1,260 19.9% (1%)
IPR&D % of product sales — —% — —% NM

Non-GAAP Operating Income % of product sales 3,277 52.5% 3,052 48.3% 7%
Other Income/(Expense) (371) (370) —%

Non-GAAP Net Income $2,530 $2,324 9%
Non-GAAP EPS $4.70 $4.08 15%

Average Shares (millions) 538 570 6%
Non-GAAP Tax Rate 12.9% 13.3% 0.4 pts.

Q3 2022 FINANCIAL RESULTS

NM – Not meaningful
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$ Billions, Except Dividends Paid Per Share
Cash Flow Data Q3 ’22 Q3 ’21
Capital Expenditures $0.2 $0.2

Free Cash Flow* 2.8 2.2

Share Repurchases — 1.1

YoY Dividend Increase 10% 10%

Dividends Paid Per Share $1.94 $1.76

Balance Sheet Data 9/30/22 12/31/21
Cash and Investments $11.5 $8.0

Debt Outstanding 38.7 33.3

*Non-GAAP financial measure—if this slide is in hard copy, see reconciliations accompanying the presentation, or if this slide is delivered electronically, see 
reconciliations available at: www.amgen.com within the Investors section.

STRONG BALANCE SHEET WITH FREE CASH FLOW OF 
$2.8B IN Q3 2022
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*Non-GAAP financial measure—if this slide is in hard copy, see reconciliations accompanying the presentation, or if this slide is delivered electronically, or amounts 
pertain to previously issued financial guidance, see reconciliations available at: www.amgen.com within the Investors section.

2022 GUIDANCE

Guidance Comments

Revenue $26.0B–$26.3B Revised from
$25.5B–$26.4B

Non-GAAP EPS* $17.25–$17.85 Revised from
$17.00–$18.00

Non-GAAP Tax Rate* 13.5%–14.5% Revised from 
14.0%–15.0%

Capital Expenditures ~$950M Unchanged
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$ Millions, Net Sales Q3 ’22 Q3 ’21 YoY 
U.S. ROW Total Total Total

Prolia® 590 272 862 803 7%
EVENITY® 136 65 201 149 35%
Repatha® 142 167 309 272 14%
Aimovig® 103 4 107 79 35%
TEZSPIRE® 55 — 55 — NM
Otezla® 529 98 627 609 3%
Enbrel® 1,086 20 1,106 1,289 (14%)
AMGEVITA™ — 117 117 111 5%
LUMAKRAS®/LUMYKRAS™ 61 14 75 36 *
KYPROLIS® 217 101 318 293 9%
XGEVA® 363 132 495 517 (4%)
Vectibix® 106 141 247 200 24%
Nplate® 162 126 288 273 5%
BLINCYTO® 84 58 142 125 14%
MVASI® 139 70 209 274 (24%)
KANJINTI® 58 14 72 116 (38%)
Neulasta® 205 42 247 415 (40%)
NEUPOGEN® 21 14 35 52 (33%)
EPOGEN® 136 — 136 138 (1%)
Aranesp® 128 230 358 396 (10%)
Parsabiv® 61 39 100 61 64%
Sensipar®/Mimpara™ 4 13 17 19 (11%)
Other products** 80 34 114 93 23%
Total Product Sales $4,466 $1,771 $6,237 $6,320 (1%)
Total Revenue $6,652 $6,706 (1%)

*Change in excess of 100%
**Other products include Corlanor®, AVSOLA®, RIABNI® and IMLYGIC®, as well as sales by GENSENTA and Bergamo subsidiaries.
NM – Not meaningful

Q3 ’22 GLOBAL COMMERCIAL UPDATE
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$ Millions, Net Sales Q3 ’22 Highlights

• 8% volume growth was offset primarily 
by 5% lower net selling price and 2% 
negative impact from foreign exchange

• Record quarterly sales of 11 products

• Delivered double-digit volume growth 
for a number of products, including 
LUMAKRAS®/LUMYKRAS™, Repatha®, 
EVENITY®, Parsabiv®, and Vectibix®

Q3 ’22 YoY QoQ
Total Change (1%) (1%)

Units 8% 1%
Inventory (1%) (1%)

Note: Inventory represents wholesaler and, based on prescription data for Otezla® and Enbrel®, end-user inventories

ROW
U.S.

Q3 ’22 PRODUCT SALES DECREASED 1%, WITH VOLUME 
GROWTH OF 8%
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Q3 ’22 YoY QoQ
Total Change 7% (7%)

Units 8% (5%)
Inventory (1%) (1%)

$ Millions, Net Sales Q3 ’22 Highlights

• YoY sales increased 7%, driven by 8% 
volume growth ROW

U.S.

PROLIA® VOLUME GREW 8% YOY

Note: Inventory represents wholesaler inventories
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Q3 ’22 Highlights
Q3 ’22 YoY QoQ

Total Change 35% 5%
Units 39% 3%

Inventory (1%) 0%

$ Millions, Net Sales

Note: Inventory represents wholesaler inventories
EVENITY® is developed and commercialized in collaboration with UCB globally, as well as our collaboration partner Astellas in Japan

• YoY sales increased 35%, driven by 
volume growth

• U.S. volumes grew 45% and ex-U.S. 
volumes grew 30% 

ROW
U.S.

EVENITY® HAD RECORD QUARTERLY SALES IN Q3
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Q3 ’22 Highlights

*Net selling price represents the impact of list price changes as well as contracting and access changes
Note: Inventory represents wholesaler inventories

• YoY sales increased 14%, driven by 52% 
volume growth, partially offset by lower 
net selling price*

• U.S. sales grew 2%, driven by 32% 
volume growth, partially offset by lower 
net selling price* resulting from higher 
rebates to support and expand access 
for patients 

• Ex-U.S. sales grew 26%

Q3 ’22 YoY QoQ
Total Change 14% (5%)

Units 52% 5%
Inventory (2%) (1%)

$ Millions, Net Sales

ROW
U.S.

REPATHA® VOLUME GREW 52% YOY
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Q3 ’22 Highlights$ Millions, Net Sales

• YoY sales increased 35%, driven by 
favorable changes to estimated sales 
deductions and higher net selling price,* 
partially offset by a 7% decline in volume

Q3 ’22 YoY QoQ
Total Change 35% 16%

Units (7%) 6%
Inventory 1% 2%U.S.

AIMOVIG® DELIVERED 35% YOY SALES GROWTH

ROW

4
4

3
2

*Net selling price represents the impact of list price changes as well as contracting and access changes
Note: Inventory represents wholesaler inventories

2
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Q3 ’22 Highlights

• Continued strong adoption in the U.S. 
by both allergists and pulmonologists

• Healthcare providers acknowledge the 
unique, differentiated profile of 
TEZSPIRE® and its broad potential to 
treat 2.5 million patients worldwide 
with severe asthma who are 
uncontrolled, without any phenotypic 
and biomarker limitation

STRONG LAUNCH OF TEZSPIRE® CONTINUED IN Q3

Note: Inventory represents wholesaler inventories
TEZSPIRE® is developed in collaboration with AstraZeneca

Q3 ’22 QoQ
Total Change 90%

Units 75%
Inventory 5%U.S.
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$ Millions, Net Sales Q3 ’22 Highlights

• YoY sales increased 3%, driven by 9% 
volume growth, partially offset by lower 
inventory levels and unfavorable foreign 
exchange impact

ROW
U.S.

OTEZLA® VOLUME GREW 9% YOY

Q3 ’22 YoY QoQ
Total Change 3% 6%

Units 9% 0%
Inventory (3%) 1%

Note: Inventory represents wholesaler inventories
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$ Millions, Net Sales Q3 ’22 Highlights
Q3 ’22 YoY QoQ

Total Change (14%) 5%
Units (3%) (2%)

Inventory (2%) (1%)

• YoY sales decreased 14%, driven by lower 
net selling price*, 5% unfavorable changes 
to estimated sales deductions, and 3% 
volume decline

• 5% unfavorable impact of changes to 
estimated sales deductions results from 
$114 million favorable adjustment in Q3 
’21, more than offsetting $47 million 
favorable adjustment in Q3 ’22 

• Continued YoY net selling price* decline is 
expected, driven by increased competition

ROW
U.S.

ENBREL®’S RECORD OF SAFETY AND EFFICACY
CONTINUED TO SUPPORT DEMAND 

26
26

19
15 20

*Net selling price represents the impact of list price changes as well as contracting and access changes
Note: Inventory represents wholesaler inventories
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Q3 ’22 Highlights
Q3 ’22 YoY QoQ

Total Change 5% 1%
Units 27% 9%

Inventory 0% 0%

$ Millions, Net Sales

• YoY sales increased 5%, driven by 27% 
volume growth, partially offset by  
foreign exchange impact and lower net 
selling price* resulting from increased 
competition

ROW (ex U.S.)

AMGEVITA™ REMAINED THE MOST PRESCRIBED 
ADALIMUMAB BIOSIMILAR IN EUROPE

*Net selling price represents the impact of list price changes as well as contracting and access changes
Note: Inventory represents wholesaler inventories
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Q3 ’22 Highlights
• QoQ sales declined 3%, driven by lower 

net selling price due to an unfavorable 
price adjustment resulting from a 
reimbursement approval in Germany, 
partially offset by 15% volume growth

• In the U.S., LUMAKRAS® has been 
prescribed to over 3,700 patients by over 
2,200 physicians 

• Ex-U.S., LUMYKRASTM has been approved 
in over 45 countries; we are actively  
launching in 30 markets and pursuing 
reimbursement in the remaining countries

LUMAKRAS®/LUMYKRAS™ NOW APPROVED IN 
OVER 45 COUNTRIES

Q3 ’22 QoQ
Total Change (3%)

Units 15%
Inventory 1%

ROW
U.S.

Note: Inventory represents wholesaler inventories
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$ Millions, Net Sales Q3 ’22 Highlights

• YoY sales increased 9%, driven by 11% 
volume growth

Q3 ’22 YoY QoQ
Total Change 9% 0%

Units 11% 0%
Inventory (1%) (2%)

ROW

KYPROLIS® HAD RECORD QUARTERLY SALES IN Q3

U.S.

Note: Inventory represents wholesaler inventories
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$ Millions, Net Sales
Q3 ’22 YoY QoQ

Total Change (4%) (7%)
Units (3%) (2%)

Inventory (2%) (3%)

Q3 ’22 Highlights

• YoY sales decreased 4%, driven by a 
3% decline in volume, lower inventory 
levels, and unfavorable foreign 
exchange impact, partially offset by 
higher net selling price*

ROW

XGEVA® SALES DECREASED 4% IN Q3

U.S.

*Net selling price represents the impact of list price changes as well as contracting and access changes
Note: Inventory represents wholesaler inventories
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$ Millions, Net Sales Q3 ’22 Highlights
Q3 ’22 YoY QoQ

Total Change 24% 19%
Units 21% 17%

Inventory 1% 1%

• YoY sales increased 24%, driven by 
volume growth that benefited from the 
timing of shipments to Takeda, our 
partner in Japan

ROW
U.S.

VECTIBIX® HAD RECORD QUARTERLY SALES IN Q3

Note: Inventory represents wholesaler inventories
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$ Millions, Net Sales Q3 ’22 Highlights
Q3 ’22 YoY QoQ

Total Change 5% 1%
Units 12% 6%

Inventory (1%) (1%)

• YoY sales increased 5%, primarily 
driven by 12% volume growth, partially 
offset by unfavorable changes to 
estimated sales deductions

• Volume growth benefited from 
increased shipments to Kyowa Kirin 
Co., Ltd., our partner in Japan

ROW
U.S.

NPLATE® HAD RECORD QUARTERLY SALES IN Q3

Note: Inventory represents wholesaler inventories
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$ Millions, Net Sales Q3 ’22 Highlights
Q3 ’22 YoY QoQ

Total Change 14% 2%
Units 18% 1%

Inventory (1%) 0%

• YoY sales increased 14%, driven by 
volume growth

• Only approved bispecific T-cell 
engager (BiTE®) immunotherapy

ROW
U.S.

BLINCYTO® HAD RECORD QUARTERLY SALES IN Q3

Note: Inventory represents wholesaler inventories
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Q3 ’22 Highlights
Q3 ’22 YoY QoQ

Total Change (24%) (14%)
Units 3% (4%)

Inventory (2%) (1%)

$ Millions, Net Sales

• YoY sales decreased 24%, primarily 
driven by lower net selling price* 

• Continued net selling price* erosion and 
declining volume expected from
increased competition and continued 
Average Selling Price (ASP) erosion

ROW
U.S.

MVASI® SALES DECREASED 24% YOY

*Net selling price represents the impact of list price changes as well as contracting and access changes
Note: Inventory represents wholesaler inventories
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Q3 ’22 Highlights
Q3 ’22 YoY QoQ

Total Change (38%) (15%)
Units (11%) (3%)

Inventory (1%) 0%

$ Millions, Net Sales

• YoY sales decreased 38%, primarily 
driven by declines in net selling price* 
and volume, partially offset by favorable 
changes to estimated sales deductions

• Continued net selling price* erosion and  
volume declines expected from
increased competition and continued 
Average Selling Price (ASP) erosion

ROW
U.S.

KANJINTI® SALES DECREASED 38% YOY

*Net selling price represents the impact of list price changes as well as contracting and access changes
Note: Inventory represents wholesaler inventories
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$ Millions, Net Sales Q3 ’22 Highlights
• Includes Neulasta®, NEUPOGEN®, 

EPOGEN®, Aranesp®, Parsabiv®, and 
Sensipar®/Mimpara™

• YoY sales decreased 17%, primarily 
driven by lower net selling price* and 
inventory levels

• In the aggregate, expect the YoY net 
selling price* and volume erosion for this 
portfolio of products to continue

Q3 ’22 YoY QoQ
Total Change (17%) (7%)

Units (2%) (1%)
Inventory (2%) (2%)

ROW
U.S.

ESTABLISHED PRODUCTS GENERATED $893M OF Q3 SALES 
AND CONTINUED TO DELIVER STRONG CASH FLOWS

*Net selling price represents the impact of list price changes as well as contracting and access changes
Note: Inventory represents wholesaler inventories
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General Medicine
• Repatha® – monoclonal antibody targeting PCSK9

– An abstract based on data from the Repatha® FOURIER and FOURIER-OLE studies highlighting the association between the 
significant and sustained achievement of low and very low LDL-C levels and lower rates of major cardiovascular events has 
been accepted as a late-breaking abstract at AHA in November.

• Olpasiran (AMG 890) – Lipoprotein(a) siRNA molecule
– An abstract based on the end-of-treatment analysis data from a Phase 2 study of olpasiran, a small interfering RNA molecule 

that reduces Lp(a) synthesis in the liver in subjects with elevated Lp(a) has been accepted as a late-breaking clinical trial 
presentation at AHA in November.

• AMG 133 – multispecific GIPR inhibitor and GLP-1 receptor agonist
– A Phase 1 study of AMG 133 has completed enrollment.
– Data from the single and multiple-dose cohorts of this Phase 1 study will be presented at the 20th World Congress on Insulin 

Resistance, Diabetes, and Cardiovascular Disease (WCIRDC) Hybrid Conference in December. 

• Webcast call Monday, November. 7, 2022
– The Company will host a call where David M. Reese, members of Amgen's R&D team, and a clinical investigator, will discuss 

Olpasiran Phase 2 data, Repatha FOURIER and FOURIER-open label extension studies, and will provide an update on AMG 133.

Q3 ’22 EARNINGS CALL—R&D UPDATE

PCSK9 = proprotein convertase subtilisin/kexin type 9; OLE = open-label extension; LDL-C = low-density lipoprotein cholesterol; AHA = American Heart Association Scientific 
Sessions; siRNA = small interfering ribonucleic acid; Lp(a)= Lipoprotein(a); GIPR= Gastric Inhibitory Polypeptide Receptor; GLP-1= Glucagon-like peptide-1.

Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 262 of 557 PageID #: 9179



31
Provided November 3, 2022, as part of an oral presentation and is qualified 
by such, contains forward-looking statements, actual results may vary 
materially; Amgen disclaims any duty to update.

Q3 ’22 EARNINGS CALL—R&D UPDATE
Inflammation
• Otezla® (apremilast)

– In September, results were presented from:
– The Phase 3 SPROUT study, evaluating Otezla® in pediatric patients (ages 6 through 17) with 

moderate to severe plaque psoriasis. Otezla® treatment resulted in significant improvements in 
measures of disease severity at week 16 compared with placebo.

– The Phase 3 DISCREET study, evaluating Otezla® in adult patients with moderate to severe 
genital psoriasis. Otezla® treatment showed a clinically meaningful and statistically significant 
improvement in genital psoriasis, including improvements in skin clearance, itch, and quality of 
life at week 16 compared with placebo. 

– In both studies, safety findings were consistent with the known profile of Otezla®; no new signals 
were identified. 

– Based on these results, discussions with the FDA are ongoing for DISCREET to add clinical data to 
Otezla® U.S. prescribing information. Discussions with regulatory authorities globally for SPROUT are 
forthcoming.
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TSLP = thymic stromal lymphopoietin.
TEZSPIRE® is being developed in collaboration with AstraZeneca.

Q3 ’22 EARNINGS CALL—R&D UPDATE
Inflammation (continued)

• TEZSPIRE® (Tezepelumab-ekko) – monoclonal antibody targeting TSLP
– In September, TEZSPIRE® was approved

– in the European Union as an add-on maintenance treatment in adults and 
adolescents 12 years and older with severe asthma who are inadequately controlled 
despite high-dose inhaled corticosteroids plus another medicinal product for 
maintenance treatment.

– by the Japanese Ministry of Health, Labour, and Welfare for the treatment of 
bronchial asthma in patients with severe or refractory disease in whom asthma 
symptoms cannot be controlled with mid- or high-dose inhaled corticosteroids and 
other long-term maintenance therapies.

– Regulatory reviews continue in other jurisdictions.
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Q3 ’22 EARNINGS CALL—R&D UPDATE
Inflammation (continued)

• TEZSPIRE® (tezepelumab-ekko) – monoclonal antibody targeting TSLP
– In severe asthma, the PASSAGE Phase 4 real-world effectiveness study, the WAYFINDER 

Phase 3b study, and the SUNRISE Phase 3 study are enrolling patients.  
– A Phase 3 study continues to enroll patients with chronic rhinosinusitis with nasal polyps.
– Planning is underway for a Phase 3 study in patients with eosinophilic esophagitis.
– A Phase 2b study in patients with chronic spontaneous urticaria is fully enrolled, with data 

readout anticipated in H1-2023.
– A Phase 2 study continues to enroll patients with chronic obstructive pulmonary disease.

TSLP = thymic stromal lymphopoietin.
TEZSPIRE® is being developed in collaboration with AstraZeneca.
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Rocatinlimab is being developed in collaboration with Kyowa Kirin.

Q3 ’22 EARNINGS CALL—R&D UPDATE
Inflammation (continued)

• Rocatinlimab (AMG 451 / KHK4083) – monoclonal antibody targeting OX40
– In September, data were presented 

– from a Phase 2 study of rocatinlimab, which demonstrated improvement in head 
and neck atopic dermatitis in patients with moderate to severe disease. 

– demonstrating that rocatinlimab provides durable normalization of atopic dermatitis 
inflammation-related gene expression in skin biopsies from atopic dermatitis 
patients.

– The ROCKET Phase 3 program evaluating rocatinlimab in patients with moderate to 
severe atopic dermatitis was initiated in June. Following additional discussions with 
regulators and our partner, we are amending the studies to further improve patient 
convenience and investigate a range of doses. Amendments are not related to safety or 
efficacy issues.
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ICOSL = inducible T-cell costimulatory ligand; BAFF = B-cell activating factor; SLE = systemic lupus erythematosus; IL-2 = interleukin-2; IL-15 = interleukin-15.
Ordesekimab is being developed in collaboration with Provention Bio.

Q3 ’22 EARNINGS CALL—R&D UPDATE
Inflammation (continued)

• Rozibafusp alfa (AMG 570) – antibody-peptide conjugate that blocks ICOSL and BAFF 
– A Phase 2b study continues to enroll patients with SLE.

• Efavaleukin alfa (AMG 592) – IL-2 mutein Fc fusion protein
– A Phase 2b study continues to enroll patients with SLE.
– A Phase 2b study continues to enroll patients with ulcerative colitis.

• Ordesekimab (AMG 714 / PRV-015) – monoclonal antibody targeting IL-15
– A Phase 2b study continues to enroll patients with nonresponsive celiac disease. 
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Oncology/Hematology
• LUMAKRAS®/LUMYKRAS™ (sotorasib)

– In August, data were presented demonstrating that:
– in a mostly pretreated advanced NSCLC population, lead-in cohorts treated with 

LUMAKRAS® followed by a combination of LUMAKRAS® and immunotherapy 
demonstrated durable clinical activity with lower rates of grade 3-4 TRAEs compared to 
concurrently treated cohorts. Dose expansion is ongoing in treatment-naïve patients 
using lower-dose LUMAKRAS® lead-in followed by combination of LUMAKRAS® with 
pembrolizumab.

– LUMAKRAS® given in combination with SHP2 inhibitor RMC-4630 demonstrated 
promising clinical activity in patients with KRAS G12C-mutated NSCLC, most notably in 
KRAS G12C inhibitor-naïve patients.

NSCLC = non-small cell lung cancer; TRAE = treatment-related adverse event; SHP2 = Src homology region 2-containing protein tyrosine phosphatase 2; KRAS = Kirsten Rat Sarcoma. 

Q3 ’22 EARNINGS CALL—R&D UPDATE
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Oncology/Hematology (continued)

• LUMAKRAS®/LUMYKRAS™ (sotorasib)
– In September, data were presented demonstrating that

– in the global Phase 3 CodeBreaK 200 trial, LUMAKRAS® treatment led to increased PFS (primary 
endpoint) and a significantly higher ORR (key secondary endpoint) in patients with KRAS G12C-
mutated NSCLC compared with intravenous chemotherapy docetaxel. Patient-reported outcomes (a 
key secondary endpoint) also favored LUMAKRAS® versus docetaxel.

– in the Phase 1b CodeBreaK 101 study, LUMAKRAS® combined with Vectibix® demonstrated 
encouraging efficacy and safety in patients with chemo-refractory metastatic CRC. This combination 
delivered a 30% ORR with a median PFS of 5.7 months. With a median follow up of 8.8 months, 
median OS was not yet reached. A Phase 3 trial continues to enroll using this combination.

– The Company is planning to initiate a Phase 3 study of LUMAKRAS® plus chemotherapy in 
first-line KRAS G12C mutant and PD-L1 negative advanced/metastatic NSCLC.

PFS = progression-free survival; ORR = Objective response rate; KRAS = Kirsten Rat Sarcoma; NSCLC = non-small cell lung cancer; CRC = colorectal cancer; OS = overall 
survival; PD-L1 = programmed death-ligand 1.
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Oncology/Hematology (continued)

• BLINCYTO® – BiTE® molecule targeting CD19
– ECOG-ACRIN Cancer Research Group announced that an NCI-sponsored, registration enabling BLINCYTO®

randomized controlled trial (E1910) in adults with newly diagnosed Philadelphia chromosome negative B-ALL, 
met the primary endpoint of statistically significant improvement in OS at a predefined interim analysis. This 
study investigated the addition of BLINCYTO® to SOC chemotherapy. Data were submitted to a medical 
congress taking place later this year and will be submitted to regulatory authorities in due course.

• Vectibix® – monoclonal antibody targeting EGFR
– ASCO guidelines in the U.S. and ESMO guidelines in Europe were updated to indicate anti-EGFR monoclonal 

antibodies are preferred treatment over bevacizumab in patients with RAS wild type (RAS/BRAF wild type by 
ESMO) metastatic CRC and left-sided tumors. These updates were based on the Vectibix® PARADIGM study that 
was presented at ASCO, where data demonstrated that the mFOLFOX6 + Vectibix® combination provides a 
statistically significant improvement in OS over the mFOLFOX6 + bevacizumab combination as first-line 
treatment for metastatic CRC patients with a left-sided primary tumor and in the overall population.

CD19 = cluster of differentiation 19; ECOG = Eastern Cooperative Oncology Group; ACRIN = American College of Radiology Imaging Network; NCI = National Cancer Institute; 
OS = overall survival; SOC = standard of care; B-ALL= B-cell acute lymphoblastic leukemia; EGFR = epidermal growth factor receptor; ASCO = American Society of Clinical 
Oncology; ESMO = European Society for Medical Oncology; CRC = colorectal cancer; mFOLFOX6 = Levofolinic acid, 5-Fluorouracil [5-FU] and oxaliplatin.
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Oncology/Hematology (continued)

• Bemarituzumab – monoclonal antibody targeting FGFR2b
• FORTITUDE-101, a Phase 3 study of bemarituzumab plus chemotherapy, versus placebo plus chemotherapy 

in first-line gastric cancer with FGFR2b overexpression continues to enroll patients. 
• FORTITUDE-102, a Phase 1b/3 study of bemarituzumab plus chemotherapy and nivolumab versus 

chemotherapy and nivolumab in first-line gastric cancer with FGFR2b overexpression is enrolling patients in 
the Phase 3 portion of the study. 

• FORTITUDE-103, a Phase 1b study of bemarituzumab plus oral chemotherapy regimens in first-line gastric 
cancer is enrolling patients.

• FORTITUDE-201, a Phase 1b study of bemarituzumab monotherapy and in combination with SOC therapy 
continues to enroll patients with squamous NSCLC with FGFR2b overexpression. 

• FORTITUDE-301, a Phase 1b/2 basket study evaluating the safety and efficacy of bemarituzumab 
monotherapy in solid tumors with FGFR2b overexpression is enrolling patients. 

FGFR2b = fibroblast growth factor receptor 2b; SOC = standard of care; NSCLC = non-small cell lung cancer. 
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Oncology/Hematology (continued)

• Tarlatamab (AMG 757) – HLE BiTE® molecule targeting DLL3
– In August, Phase 1 data from DeLLphi-300 were presented demonstrating that in heavily pretreated 

patients with SCLC, tarlatamab delivered a confirmed ORR of 23%, a median duration of response of 13.0 
months and a median OS of 13.2 months. DeLLphi-301, a potentially registrational Phase 2 study of 
tarlatamab, continues to enroll patients in this setting. 

– DeLLphi-300, a Phase 1 study of tarlatamab, continues to enroll patients with relapsed/refractory SCLC. 
– DeLLphi-302, a Phase 1b study of tarlatamab in combination with AMG 404, an anti-PD1 monoclonal 

antibody, continues to enroll patients with second-line or later SCLC.  
– DeLLphi-303, a Phase 1b study of tarlatamab in combination with SOC in first-line SCLC, is enrolling 

patients.  
– DeLLpro-300, a Phase 1b study of tarlatamab, continues to enroll patients with de novo or treatment-

emergent neuroendocrine prostate cancer.

HLE = half-life extended; BiTE® = bispecific T-cell engager; DLL3 = delta-like ligand 3; SCLC = small cell lung cancer; ORR = objective response rate; OS = overall survival;  
PD-1 = programmed cell death protein 1; SOC = standard of care.
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Oncology/Hematology (continued)

• AMG 509 – bispecific molecule targeting STEAP1
– A Phase 1 dose-escalation study continues to enroll patients with mCRPC.

• AMG 340  – lower T-cell affinity BiTE® molecule targeting PSMA
– A Phase 1 dose-escalation study continues to enroll patients with mCRPC.

• AMG 193 – small molecule MTA cooperative PRMT5 molecular glue
– A Phase 1/1b/2 study continues to enroll patients with advanced MTAP-null solid tumors.

STEAP1 = Six-transmembrane epithelial antigen of prostate 1; mCRPC = metastatic castrate-resistant prostate cancer; BiTE® = bispecific T-cell engager; PSMA = prostate-
specific membrane antigen; MTA = methylthioadenosine; PRMT5= protein arginine methyltransferase 5; MTAP = methylthioadenosine phosphorylase.
AMG 509 is being developed in collaboration with Xencor.
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Biosimilars
• In August, the Company announced positive top-line results from the DAHLIA study, a randomized, 

double-blind, active-controlled, two-period crossover Phase 3 study evaluating the efficacy and safety of 
ABP 959, a biosimilar candidate to SOLIRIS® (eculizumab), compared with SOLIRIS® in adult patients with 
PNH.

• The primary analysis of a randomized, double-blind, active controlled, Phase 3 study evaluating the 
efficacy and safety of ABP 938, an investigational biosimilar to EYLEA® (aflibercept) compared with 
EYLEA® met its primary endpoint in subjects with neovascular age-related macular degeneration; final 
analysis is expected in 2023.

• A Phase 3 study evaluating the efficacy and safety of ABP 654 compared to STELARA® (ustekinumab) in 
adult patients with moderate to severe plaque psoriasis has completed, and these data were submitted to 
the FDA to support U.S. approval.

• A Phase 3 study to support an interchangeability designation in the U.S. for ABP 654 is ongoing.
• A Phase 3 study to support an interchangeability designation in the U.S. for AMJEVITA™ (adalimumab-

atto) is ongoing.

PNH = paroxysmal nocturnal hemoglobinuria; STELARA® is a registered trademark of Janssen Pharmaceutica NV; EYLEA® is a registered trademark of Regeneron 
Pharmaceuticals, Inc.; SOLIRIS® is a registered trademark of Alexion Pharmaceuticals, Inc.
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Amgen Inc.
Consolidated Statements of Income - GAAP
(In millions, except per - share data)
(Unaudited)

Three months ended
September 30,

Nine months ended
September 30,

2022 2021 2022 2021

Revenues:
Product sales $ 6,237 $ 6,320 $ 18,249 $ 18,026
Other revenues 415 386 1,235 1,107

Total revenues 6,652 6,706 19,484 19,133

Operating expenses:
Cost of sales 1,588 1,609 4,659 4,736
Research and development 1,112 1,422 3,110 3,471
Acquired in-process research and development — — — 1,505

Selling, general and administrative 1,287 1,305 3,842 3,943
Other 5 (8) 537 143

Total operating expenses 3,992 4,328 12,148 13,798

Operating income 2,660 2,378 7,336 5,335

Other income (expense):
Interest expense, net (368) (296) (991) (862)
Other income (expense), net 100 73 (747) 97

Income before income taxes 2,392 2,155 5,598 4,570

Provision for income taxes 249 271 662 576

Net income $ 2,143 $ 1,884 $ 4,936 $ 3,994

Earnings per share:
Basic $ 4.01 $ 3.32 $ 9.16 $ 6.98
Diluted $ 3.98 $ 3.31 $ 9.11 $ 6.93

Shares used in calculation of earnings per share:
Basic 535 567 539 572
Diluted 538 570 542 576
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Amgen Inc.
Consolidated Balance Sheets - GAAP
(In millions) September 30, December 31,

2022 2021

(Unaudited)
Assets
Current assets:

Cash, cash equivalents and marketable securities $ 11,478 $ 8,037

Trade receivables, net 5,326 4,895

Inventories 4,757 4,086

Other current assets 2,501 2,367

Total current assets 24,062 19,385

Property, plant and equipment, net 5,188 5,184

Intangible assets, net 13,266 15,182

Goodwill 14,845 14,890

Other noncurrent assets 6,339 6,524

Total assets $ 63,700 $ 61,165

Liabilities and Stockholders' Equity

Current liabilities:
Accounts payable and accrued liabilities $ 12,788 $ 12,097

Current portion of long-term debt 1,543 87

Total current liabilities 14,331 12,184

Long-term debt 37,161 33,222

Long-term tax liabilities 5,680 6,594

Other noncurrent liabilities 2,875 2,465

Total stockholders’ equity 3,653 6,700

Total liabilities and stockholders’ equity $ 63,700 $ 61,165

Shares outstanding 534 558
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Amgen Inc.
GAAP to Non-GAAP Reconciliations
(Dollars In millions)
(Unaudited)
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Amgen Inc.
GAAP to Non-GAAP Reconciliations
(In millions, except per-share data)
(Unaudited)
(Continued from previous slide)

Three months ended
September 30, 2022

Three months ended
September 30, 2021

GAAP Non-GAAP GAAP Non-GAAP
Net income $ 2,143 $ 2,530 $ 1,884 $ 2,324

Weighted-average shares for diluted EPS 538 538 570 570

Diluted EPS $ 3.98 $ 4.70 $ 3.31 $ 4.08

Nine months ended
September 30, 2022

Nine months ended
September 30, 2021

GAAP Non-GAAP GAAP Non-GAAP
Net income $ 4,936 $ 7,368 $ 3,994 $ 5,491

Weighted-average shares for diluted EPS 542 542 576 576

Diluted EPS $ 9.11 $ 13.59 $ 6.93 $ 9.53

The following table presents the computations for GAAP and non-GAAP diluted earnings per share:

a. The adjustments related primarily to noncash amortization of intangible assets from business acquisitions.
b. For the three months ended September 30, 2022, the adjustments related primarily to an impairment-related charge associated with an intangible asset acquired in a business combination. For the nine months ended September 

30, 2022, the adjustments related primarily to cumulative foreign currency translation adjustments from a nonstrategic divestiture. For the three and nine months ended September 30, 2021, the adjustments related primarily to 
the change in fair values of contingent consideration liabilities.

c. The tax effect of the adjustments between our GAAP and non-GAAP results takes into account the tax treatment and related tax rate(s) that apply to each adjustment in the applicable tax jurisdiction(s). Generally, this results in a 
tax impact at the U.S. marginal tax rate for certain adjustments, including the majority of amortization of intangible assets, whereas the tax impact of other adjustments, including restructuring initiatives, depends on whether the 
amounts are deductible in the respective tax jurisdictions and the applicable tax rate(s) in those jurisdictions. Due to these factors, the effective tax rate for the adjustments to our GAAP income before income taxes, for the three 
and nine months ended September 30, 2022, were 23.7% and 17.8%, respectively, compared to 11.0% and 23.5% for the corresponding period of the prior year.

d. The adjustments related to certain acquisition items, prior period and other items excluded from GAAP earnings.
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Amgen Inc.
Reconciliations of Cash Flows
(In millions)
(Unaudited)

Three months ended
September 30,

Nine months ended
September 30,

2022 2021 2022 2021

Net cash provided by operating activities $ 2,978 $ 2,418 $ 7,072 $ 6,453

Net cash (used in) provided by investing activities (267) 73 (2,571) 963

Net cash used in financing activities 1,588 2,848 (2,988) (1,713)

(Decrease) increase in cash and cash equivalents 4,299 5,339 1,513 5,703

Cash and cash equivalents at beginning of period 5,203 6,630 7,989 6,266

Cash and cash equivalents at end of period $ 9,502 $ 11,969 $ 9,502 $ 11,969

Three months ended
September 30,

Nine months ended
September 30,

2022 2021 2022 2021

Net cash provided by operating activities $ 2,978 $ 2,418 $ 7,072 $ 6,453

Capital expenditures (160) (242) (596) (593)

Free cash flow $ 2,818 $ 2,176 $ 6,476 $ 5,860

Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 281 of 557 PageID #: 9198



50
Provided November 3, 2022, as part of an oral presentation and is qualified 
by such, contains forward-looking statements, actual results may vary 
materially; Amgen disclaims any duty to update.

Amgen Inc.
Reconciliations of Total Revenues Adjusted for Foreign Currency Impact
(In millions)
(Unaudited)
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Amgen Inc.
Reconciliation of GAAP EPS Guidance to Non-GAAP
EPS Guidance for the Year Ending December 31, 2022
(Unaudited)

GAAP diluted EPS guidance $ 11.46 — $ 12.17

Known adjustments to arrive at non-GAAP*:
Acquisition-related expenses (a) 4.08 — 4.19

Loss on divestiture (b) 1.04

Net losses from equity investments 0.58

Other (0.02)

Non-GAAP diluted EPS guidance $ 17.25 — $ 17.85

GAAP tax rate guidance 11.0 % — 12.5 %
Tax rate of known adjustments discussed above 2.0% — 2.5%

Non-GAAP tax rate guidance 13.5 % — 14.5 %

Reconciliation of GAAP Tax Rate Guidance to Non-GAAP
Tax Rate Guidance for the Year Ending December 31, 2022
(Unaudited)

* The known adjustments are presented net of their related tax impact, which amount to approximately $1.29 - $1.30 per share.

(a) The adjustments relate primarily to noncash amortization of intangible assets acquired in business acquisitions.
(b) The adjustment primarily relates to a cumulative foreign currency translation adjustment from a nonstrategic divestiture.

Our GAAP diluted EPS guidance does not include the effect of GAAP adjustments triggered by events that may occur subsequent to this press release such
as acquisitions, divestitures, asset impairments, litigation, changes in fair value of our contingent consideration obligations and changes in fair value of our
equity investments. The GAAP adjustments from the acquisition of ChemoCentryx, Inc. are included in the GAAP diluted EPS guidance.
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From: Morin, Mike (DC) <Michael.Morin@lw.com>  
Sent: Friday, November 11, 2022 3:19 PM 
To: Gutman, Siegmund Y. <sgutman@proskauer.com> 
Subject: RE: Stelara Biosimilar Matter 

Dear Sige, 

Thanks for participating in the call yesterday.  As we discussed, we’re requesting certain information from Amgen in 
order to make sure that the proceedings going forward are as streamlined, focused, and efficient as possible, and so that 
we do not end up wasting the parties’ or the court’s time with unnecessary motions practice.  We’d be amenable to 
entering into an NDA if it would be helpful, provided that we can share at least the basic information (confidentially) 
with our client.  

Here is the information we are initially most interested in: 

• When did Amgen file its aBLA?  Has the FDA accepted its application and, if so, when?
• Does Amgen intend to participate in the patent dance?
• Will Amgen provide its aBLA?
• Will Amgen provide other information about its manufacturing processes or injection device(s)?
• Will Amgen voluntarily agree to stay off the market until expiration of U.S. Patent No. 6,902,734 on September

25, 2023?
• Will Amgen agree to skinny label removing UC from the label until there is a judicial decision on U.S. Patent No.

10,961,307?

Given that Amgen has already given its 180 day notice, we’d ask that you respond to these requests asap, and no later 
than next Tuesday, November 15.  We look forward to your response, and in working with you cooperatively to make 
this matter proceed as efficiently and cooperatively as reasonably possible. 

Mike 

From: Gutman, Siegmund Y. <sgutman@proskauer.com> 
Date: Wednesday, Nov 09, 2022 at 1:32 PM 
To: Morin, Mike (DC) <Michael.Morin@lw.com> 
Subject: RE: Stelara Biosimilar Matter 

Hi Mike: 

I’m happy to talk.  Let me know if you  have availability for a call tomorrow between 9:30am-11am PT or between 2-3pm 
PT. 

Thanks, 
Sige 

Siegmund Gutman 
Partner 
Chair, Life Sciences Litigation 

Proskauer 
2029 Century Park East 
Suite 2400 
Los Angeles, CA 90067-3010 
d 310.284.4533 
f  310.557.2193  
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sgutman@proskauer.com 

greenspaces 
Please consider the environment before printing this email.

From: Michael.Morin@lw.com <Michael.Morin@lw.com>  
Sent: Tuesday, November 8, 2022 1:20 PM 
To: Gutman, Siegmund Y. <sgutman@proskauer.com> 
Subject: Stelara Biosimilar Matter 

This email originated from outside the Firm. 

Hi Sige, 

Following up on the voicemail I left yesterday.  As mentioned, we represent J&J on Stelara matters, and I wanted to 
discuss your letter of yesterday regarding Amgen’s Notice of Commercial Marketing and next steps.  Please let me know 
when you might be available to talk. 

Best, 

Mike 

Michael A. Morin 

LATHAM & WATKINS LLP 
555 Eleventh Street, NW | Suite 1000 | Washington, D.C. 20004-1304 
D: +1.202.637.2298 | M: +1.202.253.8351 

_________________________________ 

This email may contain material that is confidential, privileged and/or attorney work product for the sole use of 
the intended recipient.  Any review, disclosure, reliance or distribution by others or forwarding without express 
permission is strictly prohibited.  If you are not the intended recipient, please contact the sender and delete all 
copies including any attachments. 

Latham & Watkins LLP or any of its affiliates may monitor electronic communications sent or received by our 
networks in order to protect our business and verify compliance with our policies and relevant legal 
requirements. Any personal information contained or referred to within this electronic communication will be 
processed in accordance with the firm's privacy notices and Global Privacy Standards available at www.lw.com. 

******************************************************************************************
************************************************************ 
This message and its attachments are sent from a law firm and may contain information that is confidential and 
protected by privilege from disclosure. 
If you are not the intended recipient, you are prohibited from printing, copying, forwarding or saving them. 
Please delete the message and attachments without printing, copying, forwarding or saving them, and notify the 
sender immediately. 
******************************************************************************************
************************************************************  
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BIOSIMILAR BIOLOGICAL PRODUCT 1 

REAUTHORIZATION PERFORMANCE GOALS 2 

AND PROCEDURES FISCAL YEARS 2023 3 

THROUGH 2027 4 

I. ENSURING THE EFFECTIVENESS OF THE BIOSIMILAR BIOLOGICAL 5 
PRODUCT REVIEW PROGRAM 6 

A. Review Performance Goals 7 

B. Program for Enhanced Review Transparency and Communication for Original 351(k) 8 
BLAs 9 

C. Guidance 10 

D. Review of Proprietary Names to Reduce Medication Errors 11 

E. Major Dispute Resolution 12 

F. Clinical Holds 13 

G. Special Protocol Question Assessment and Agreement 14 

H. Meeting Management Goals 15 

II. ENHANCING BIOSIMILAR AND INTERCHANGEABLE BIOLOGICAL 16 
PRODUCT DEVELOPMENT AND REGULATORY SCIENCE 17 
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BIOSIMILAR BIOLOGICAL PRODUCT 
AUTHORIZATION PERFORMANCE GOALS AND 
PROCEDURES FOR FISCAL YEARS 2023 
THROUGH 2027 

This document contains the performance goals and procedures for the Biosimilar User Fee Act 
(BsUFA) reauthorization for fiscal years (FYs) 2023-2027, known as BsUFA III.  It is commonly 
referred to as the “goals letter” or “commitment letter.”  The goals letter represents the product of 
FDA’s discussions with the regulated industry and public stakeholders, as mandated by Congress.  
The performance and procedural goals and other commitments specified in this letter apply to 
aspects of the biosimilar biological product review program that are important for facilitating 
timely access to safe and effective biosimilar medicines for patients.  FDA is committed to meeting 
the performance goals specified in this letter, enhancing management of BsUFA resources, and 
ensuring BsUFA user fee resources are administered, allocated, and reported in an efficient and 
transparent manner. 

Under BsUFA III, FDA is committed to ensuring effective scientific coordination and review 
consistency, as well as efficient governance and operations across the biosimilar biological product 
review program.  

FDA and the regulated industry will periodically and regularly assess the progress of the biosimilar 
biological product review program throughout BsUFA III. This will allow FDA and the regulated 
industry to identify emerging challenges and develop strategies to address these challenges to 
ensure the efficiency and effectiveness of the biosimilar biological product review program.   
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I. ENSURING THE EFFECTIVENESS OF THE BIOSIMILAR BIOLOGICAL 
PRODUCT REVIEW PROGRAM 

A. REVIEW PERFORMANCE GOALS 

1. Original and Resubmitted Biosimilar Biological Product Applications  

a. Review and act on 90 percent of original biosimilar biological product 
application submissions within 10 months of the 60 day filing date. 

b. Review and act on 90 percent of resubmitted original biosimilar biological 
product applications within 6 months of receipt.  

2. Original and Resubmitted Supplemental Biosimilar Biological Product 
Applications  

a. Review and act on the following supplements within 3 months of receipt: 

i. Category A: Supplements seeking to update the labeling for a licensed 
biosimilar or interchangeable product with regards to safety 
information that has been updated in the reference product labeling 
and is applicable to one or more indications for which the biosimilar or 
interchangeable product is licensed. 

b. Review and act on the following supplements within 4 months of receipt: 

i. Category B: Supplements seeking licensure for an additional 
indication for a licensed biosimilar or interchangeable product when 
the submission does not include new data sets (other than analytical in 
vitro data obtained by use of physical, chemical and/or biological 
function assays, if needed to support the scientific justification for 
extrapolation), provided that:   

1) The supplement does not seek a new route of administration, 
dosage form, dosage strength, formulation or presentation; and   

2) If the supplement is subject to section 505B(a) of the Federal Food, 
Drug, and Cosmetic Act (FD&C Act), the supplement contains an 
up-to-date agreed initial pediatric study plan (iPSP).  

ii. Category C: Supplements seeking to remove an approved indication 
for a licensed biosimilar or interchangeable product.    

c. Review and act on the following supplements within 6 months of receipt: 

i. Category D: Supplements seeking licensure for an additional 
indication for a licensed biosimilar or interchangeable product when 
the submission: 
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1) Contains new data sets (other than efficacy data, data to support a 
supplement seeking an initial determination of interchangeability, 
or only analytical in vitro data obtained by use of physical, 
chemical and/or biological function assays); or 

2) Does not contain new data sets (other than analytical in vitro data 
obtained by use of physical, chemical and/or biological function 
assays) but is subject to section 505B(a) of the FD&C Act, and the 
supplement does not contain an up-to-date agreed iPSP. 

d. Review and act on the following supplements within 10 months of receipt for 
the original submissions, and within 6 months of receipt for resubmissions: 

i. Category E: Supplements seeking licensure for an additional 
indication for a licensed biosimilar or interchangeable product and 
containing efficacy data sets.  

ii. Category F: Supplements seeking an initial determination of 
interchangeability.  

e. FDA will issue a letter to the applicant for 90% of original Category A 
through D supplements within 60 calendar days of receipt. The letter will 
acknowledge receipt of the submission and provide the date for FDA to take 
action on the supplement. 

i. Applicants may include in their cover letter a request that FDA not 
approve the supplement before a certain date, as long as that date is not 
later than the BsUFA goal date. 

f. A filing letter will be issued to the applicant for 90% of original Category E 
and F supplements within 74 calendar days of receipt. Consistent with the 
underlying principles articulated in the Good Review Management Principles 
and Practices (GRMP) guidance, the letter will acknowledge receipt of the 
submission and inform the applicant of the planned review timeline and 
whether substantive review issues were identified.  If no substantive review 
issues were identified during the filing review, FDA will so notify the 
applicant. 

3. Original Manufacturing Supplements 

a. Review and act on 90 percent of manufacturing supplements requiring prior 
approval within 4 months of receipt.  

b. Review and act on 90 percent of all other manufacturing supplements within 6 
months of receipt. 

4. Goals Summary Tables 
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Table 1: Original and Resubmitted Applications and Category A- F 
Supplements 

Original Biosimilar Biological Product 
Application Submissions 

90% in 10 months of the 60 day filing date 

Resubmitted Original Biosimilar 
Biological Product Applications 

90% in 6 months of the receipt date 

Category A Supplements  

• (original and resubmitted) 

• FY 2023: 70% in 3 months of the receipt date 

• FY 2024: 80% in 3 months of the receipt date 

• FY 2025: 90% in 3 months of the receipt date 

• FY 2026: 90% in 3 months of the receipt date   

• FY 2027: 90% in 3 months of the receipt date 

Category B and C Supplements 

• (original and resubmitted) 

• FY 2023: 70% in 4 months of the receipt date 

• FY 2024: 80% in 4 months of the receipt date 

• FY 2025: 90% in 4 months of the receipt date 

• FY 2026: 90% in 4 months of the receipt date   

• FY 2027: 90% in 4 months of the receipt date 

Category D Supplements  

• (original and resubmitted) 

• FY 2023: 70% in 6 months of the receipt date 

• FY 2024: 80% in 6 months of the receipt date 

• FY 2025: 90% in 6 months of the receipt date 

• FY 2026: 90% in 6 months of the receipt date   

• FY 2027: 90% in 6 months of the receipt date 

Original Category E and F Supplements  90% in 10 months of the receipt date 
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Table 2: Manufacturing Supplements 

 PRIOR APPROVAL ALL OTHER 

Manufacturing 
Supplements 

90% in 4 months of the 
receipt date 

90% in 6 months of the 
receipt date 

5. Review Performance Goal Extensions 

a. Major Amendments 

i. A major amendment to an original application, supplement with clinical 
data, or resubmission of any of these applications, submitted at any time 
during the review cycle, may extend the goal date by three months.  

ii. A major amendment may include, for example, a major new clinical 
study report; major re-analysis of previously submitted study(ies); 
submission of a risk evaluation and mitigation strategy (REMS) with 
elements to assure safe use (ETASU) not included in the original 
application; or significant amendment to a previously submitted REMS 
with ETASU.  Generally, changes to REMS that do not include ETASU 
and minor changes to REMS with ETASU will not be considered major 
amendments. 

iii. A major amendment to a manufacturing supplement submitted at any 
time during the review cycle may extend the goal date by two months.  

iv. Only one extension can be given per review cycle. 

v. Consistent with the underlying principles articulated in the Good 
Review Management Principles and Practices (GRMP) guidance, 
FDA’s decision to extend the review clock should, except in rare 
circumstances, be limited to occasions where review of the new 
information could address outstanding deficiencies in the application 
and lead to approval in the current review cycle. 

b. Inspection of Facilities Not Adequately Identified in an Original Application 
or Supplement 

Resubmitted Category E and F 
Supplements  

90% in 6 months of the receipt date 
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i. All original applications and supplements are expected to include a 
comprehensive and readily located list of all manufacturing facilities 
included or referenced in the application or supplement.  This list 
provides FDA with information needed to schedule inspections of 
manufacturing facilities that may be necessary before approval of the 
original application or supplement.   

ii. If, during FDA’s review of an original application or supplement, the 
Agency identifies a manufacturing facility that was not included in the 
comprehensive and readily located list, the goal date may be extended. 

1) If FDA identifies the need to inspect a manufacturing facility that 
is not included as part of the comprehensive and readily located list 
in an original application or supplement with clinical data, the goal 
date may be extended by three months.   

2) If FDA identifies the need to inspect a manufacturing facility that 
is not included as part of the comprehensive and readily located list 
in a manufacturing supplement, the goal date may be extended by 
two months.  

B. PROGRAM FOR ENHANCED REVIEW TRANSPARENCY AND 
COMMUNICATION FOR ORIGINAL 351(k) BLAs 

To promote transparency and communication between the FDA review team and the 
applicant, FDA will apply the following model (“the Program”) to the review of all 
original Biologics License Applications (BLAs) submitted under section 351(k) of the 
Public Health Service Act (“351(k) BLAs”), including applications that are 
resubmitted following a Refuse-to-File decision, received from October 1, 2022, 
through September 30, 2027.1 The goal of the Program is to promote the efficiency 
and effectiveness of the first cycle review process and minimize the number of review 
cycles necessary for approval, ensuring that patients have timely access to safe, 
effective, and high quality biosimilar and interchangeable biological products.     

The standard approach for the review of original 351(k) BLAs is described in this 
section.  However, the FDA review team and the applicant may discuss and reach 
mutual agreement on an alternative approach to the timing and nature of interactions 
and information exchange between the applicant and FDA, i.e., a Formal 
Communication Plan for the review of the original 351(k) BLA.  The Formal 
Communication Plan may include elements of the standard approach (e.g., a mid-
cycle communication or a late-cycle meeting) as well as other interactions that 

 
1 The “Program for Enhanced Review Transparency and Communication for Original 351(k) BLAs” 
(referred to as “the Program” and described in this goals letter) is distinct from the statutory term, 
“biosimilar biological product development program,” which is defined in section 744G of the Federal 
Food, Drug, and Cosmetic (FD&C Act) as “the program under [the statutory BsUFA fee provisions] for 
expediting the process for the review of submissions in connection with biosimilar biological product 
development.” Section 744G(6) of the FD&C Act. 
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sometimes occur during the review process (e.g., a meeting during the filing period to 
discuss the application, i.e., an “application orientation meeting”).  If appropriate, the 
Formal Communication Plan should specify those elements of the Program that FDA 
and the sponsor agree are unnecessary for the application under review.  If the review 
team and the applicant anticipate developing a Formal Communication Plan, the 
elements of the plan should be discussed and agreed to at the pre-submission meeting 
(see Section I.B.1) and reflected in the meeting minutes.  The Formal Communication 
Plan may be reviewed and amended at any time based on the progress of the review 
and the mutual agreement of the review team and the applicant.  For example, the 
review team and the applicant may mutually agree at any time to cancel future 
specified interactions in the Program (e.g., the late-cycle meeting) that become 
unnecessary (e.g., because previous communications between the review team and 
the applicant are sufficient).  Any amendments made to the Formal Communication 
Plan should be consistent with the goal of an efficient and timely first cycle review 
process and not impede the review team’s ability to conduct its review.   

The remainder of this Section I.B. describes the parameters that will apply to FDA’s 
review of applications in the Program. 

1. Pre-submission meeting:  The applicant is strongly encouraged to discuss the 
planned content of the application with the appropriate FDA review division at a 
BPD Type 4 (pre-351(k) BLA) meeting.  This meeting will be attended by the 
FDA review team, including appropriate senior FDA staff. 

a. The BPD Type 4 (pre-351(k) BLA) meeting should be held sufficiently in 
advance of the planned submission of the application to allow for meaningful 
response to FDA feedback and should generally occur not less than 2 months 
prior to the planned submission of the application. 

b. In addition to FDA’s preliminary responses to the applicant’s questions, other 
potential discussion topics include preliminary discussions regarding the 
approach to developing the content for REMS, where applicable, patient 
labeling (e.g., Medication Guide and Instructions For Use) and, where 
applicable, the development of a Formal Communication Plan.  These 
discussions will be summarized at the conclusion of the meeting and reflected 
in the FDA meeting minutes.  

The FDA and the applicant will agree on the content of a complete application 
for the proposed indication(s) at the pre-submission meeting.  The FDA and 
the applicant may also reach agreement on submission of a limited number of 
application components not later than 30 calendar days after the submission of 
the original application.  These submissions must be of a type that would not 
be expected to materially impact the ability of the review team to begin its 
review.  These agreements will be summarized at the conclusion of the 
meeting and reflected in the FDA meeting minutes. 
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i. Examples of application components that may be appropriate for 
delayed submission include; stability updates, the final audited report 
of a preclinical study (e.g., toxicology) where the final draft report is 
submitted with the original application, or a limited amount of the data 
from an assessment of a single transition from the reference product to 
the proposed biosimilar biological product, where applicable.   

ii. Major components of the application (e.g., the complete analytical 
similarity assessment, the complete study report of a comparative 
clinical study or the full study report of necessary immunogenicity 
data) are expected to be submitted with the original application and are 
not subject to agreement for late submission.   

2. Original application submission: Applications are expected to be complete, as 
agreed between the FDA review team and the applicant at the BPD Type 4 (pre-
351(k) BLA) meeting, at the time of original submission of the application.  If the 
applicant does not have a BPD Type 4 (pre-351(k) BLA) meeting with FDA, and 
no agreement exists between FDA and the applicant on the contents of a complete 
application or delayed submission of certain components of the application, the 
applicant’s submission is expected to be complete at the time of original 
submission.  

a. All applications are expected to include a comprehensive and readily located 
list of all clinical sites and manufacturing facilities included or referenced in 
the application. 

b. Any components of the application that FDA agreed at the pre-submission 
meeting could be submitted after the original application are expected to be 
received not later than 30 calendar days after receipt of the original 
application. 

c. Incomplete applications, including applications with components that are not 
received within 30 calendar days after receipt of the original submission, will 
be subject to a Refuse-to-File decision.   

d. The following parameters will apply to applications that are subject to a 
Refuse-to-File decision and are subsequently filed over protest:  

i. The original submission of the application will be subject to the review 
performance goal as described in Section I.A.1.a. 

ii. The application will not be eligible for the other parameters of the 
Program (e.g., mid-cycle communication, late-cycle meeting). 

iii. FDA generally will not review amendments to the application during 
any review cycle.  FDA also generally will not issue information 
requests to the applicant during the agency’s review. 
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iv. The resubmission goal described in Section I.A.1.b will not apply to any 
resubmission of the application following an FDA complete response 
action.   Any such resubmission will be reviewed as available resources 
permit. 

e. Since applications are expected to be complete at the time of submission, 
unsolicited amendments are expected to be rare and not to contain major new 
information or analyses.  Review of unsolicited amendments, including those 
submitted in response to an FDA communication of deficiencies, will be 
handled in accordance with the GRMP guidance.  This guidance includes the 
underlying principle that FDA will consider the most efficient path toward 
completion of a comprehensive review that addresses application deficiencies 
and leads toward a first cycle approval when possible. 

3. Day 74 Letter:  FDA will follow existing procedures regarding identification and 
communication of substantive review issues identified during the initial filing 
review to the applicant in the “Day 74 letter.”  If no substantive review issues 
were identified during the filing review, FDA will so notify the applicant.  FDA’s 
filing review represents a preliminary review of the application and is not 
indicative of deficiencies that may be identified later in the review cycle. 

For applications subject to the Program, the timeline for this communication will 
be within 74 calendar days from the date of FDA receipt of the original 
submission.   The planned timeline for review of the application included in the 
Day 74 letter for applications in the Program will include:  

a. the planned date for the internal mid-cycle review meeting, 

b. preliminary plans on whether to hold an Advisory Committee (AC) meeting to 
discuss the application, 

c. a target date for communication of feedback from the review division to the 
applicant regarding proposed labeling and any postmarket requirements or 
postmarket commitments the Agency will be requesting. 

4. Review performance goals:  For original 351(k) BLA submissions that are filed 
by FDA under the Program, the BsUFA review clock will begin at the conclusion 
of the 60 calendar day filing review period that begins on the date of FDA receipt 
of the original submission.  The review performance goals for these applications 
are as follows: 

a. Review and act on 90 percent of original 351(k) BLA submissions within 10 
months of the 60 day filing date. 

5. Mid-Cycle Communication:  The FDA Regulatory Project Manager (RPM), and 
other appropriate members of the FDA review team (e.g., Cross Discipline Team 
Leader (CDTL)), will call the applicant, generally within 2 weeks following the 
Agency’s internal mid-cycle review meeting, to provide the applicant with an 
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update on the status of the review of their application.  An agenda will be sent to 
the applicant prior to the mid-cycle communication.  Scheduling of the internal 
mid-cycle review meeting will be handled in accordance with the GRMP 
guidance.  The RPM will coordinate the specific date and time of the telephone 
call with the applicant.   

The update should include any significant issues identified by the review team to 
date, any information requests, and information regarding major concerns with the 
following: 

a. The analytical similarity data, including the potential relevance of any issues 
(e.g. data analysis issues or potential clinical impact of observed analytical 
differences), intended to support a demonstration that the proposed biosimilar 
biological product is highly similar to the reference product. 

b. The data intended to support a demonstration of no clinically meaningful 
differences, including discussion of any immunogenicity issues. 

c. The data intended to support a demonstration of interchangeability.   

d. CMC issues. 

In addition, the update should include preliminary review team thinking regarding 
the content of the proposed REMS, where applicable, proposed date(s) for the 
late-cycle meeting, updates regarding plans for the AC meeting (if an AC meeting 
is anticipated), and other projected milestone dates for the remainder of the 
review cycle. 

6. Late-Cycle and Advisory Committee Meetings:  A meeting will be held 
between the FDA review team and the applicant to discuss the status of the review 
of the application late in the review cycle. Late-cycle meetings will generally be 
face-to-face meetings; however, the meeting may be held by teleconference if 
FDA and the applicant agree.  Since the application is expected to be complete at 
the time of submission, FDA intends to complete primary and secondary reviews 
of the application in advance of the planned late-cycle meeting.   

a. FDA representatives at the late-cycle meeting are expected to include the 
signatory authority for the application, review team members from appropriate 
disciplines, and appropriate team leaders and/or supervisors from disciplines 
for which substantive issues have been identified in the review to date. 

b. For applications that will be discussed at an Advisory Committee (AC) 
meeting, the following parameters apply: 

i. FDA intends to convene AC meetings no later than 2 months prior to 
the BsUFA goal date. The late-cycle meeting will occur not less than 12 
calendar days before the date of the AC meeting.   
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ii. FDA intends to provide final questions for the AC to the sponsor and 
the AC not less than 2 calendar days before the AC meeting.   

iii. Following an AC meeting, FDA and the applicant may agree on the 
need to discuss feedback from the committee for the purpose of 
facilitating the remainder of the review.  Such a meeting will generally 
be held by teleconference without a commitment for formal meeting 
minutes issued by the agency. 

c. For applications that will not be discussed at an AC meeting, the late-cycle 
meeting will generally occur not later than 3 months prior to the BsUFA goal 
date. 

d. Late-Cycle Meeting Background Packages:  The Agency background package 
for the late-cycle meeting will be sent to the applicant not less than 10 
calendar days before the late-cycle meeting.  The package will consist of any 
discipline review (DR) letters issues to date, a brief memorandum from the 
review team outlining substantive application issues (e.g., deficiencies 
identified by primary and secondary reviews), the Agency’s background 
package for the AC meeting (incorporated by reference if previously sent to 
the applicant), potential questions and/or points for discussion for the AC 
meeting (if planned) and the current assessment of the content of proposed 
REMS or other risk management actions, where applicable.   

e. Late-Cycle Meeting Discussion Topics:  Potential topics for discussion at the 
late-cycle meeting include:  

i. major deficiencies identified to date;  

ii. analytical similarity data, including the potential relevance of any issues 
(e.g. data analysis issues or potential clinical impact of observed 
analytical differences), intended to support a demonstration that the 
proposed biosimilar biological product is highly similar to the reference 
product; 

iii. data intended to support a demonstration of no clinically meaningful 
differences, including discussion of any immunogenicity issues; 

iv. data intended to support a demonstration of interchangeability;  

v. CMC issues; 

vi. inspectional findings identified to date;  

vii. issues to be discussed at the AC meeting (if planned);  

viii. current assessment of the content of proposed REMS or other risk 
management actions, where applicable;  
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ix. information requests from the review team to the applicant; and 
additional data or analyses the applicant may wish to submit.   

With regard to submission of additional data or analyses, the FDA review 
team and the applicant will discuss whether such data will be reviewed by the 
Agency in the current review cycle and, if so, whether the submission will be 
considered a major amendment and trigger an extension of the BsUFA goal 
date. 

7. Inspections:  FDA’s goal is to complete all GCP, GLP, and GMP inspections for 
applications in the Program within 10 months of the date of original receipt of the 
application.  This will allow 2 months at the end of the review cycle to attempt to 
address any deficiencies identified by the inspections.  

C. GUIDANCE  

FDA and industry share a commitment to ensuring an efficient and effective review 
process for all applications subject to the BsUFA program.   

In light of the new, expedited timelines for supplements, FDA will issue guidance 
and/or a MAPP on classifying supplements to a licensed 351(k) BLA for purposes of 
determining review timelines.  FDA will publish a draft guidance for public comment 
and/or a MAPP no later than the end of FY 2023.  FDA will work toward the goal of 
publishing a revised draft or final guidance within 18 months after the close of the 
public comment period.  

D. REVIEW OF PROPRIETARY NAMES TO REDUCE MEDICATION 
ERRORS 

To enhance patient safety, FDA is committed to various measures to reduce 
medication errors related to look-alike and sound-alike proprietary names and such 
factors as unclear label abbreviations, acronyms, dose designations, and error prone 
label and packaging design.  The following performance goals apply to FDA’s review 
of biosimilar biological product proprietary names during the biosimilar biological 
product development (BPD) phase and during FDA’s review of a marketing 
application: 

1. Proprietary Name Review Performance Goals During The BPD Phase 

a. Review 90% of proprietary name submissions filed within 180 days of receipt.  
Notify sponsor of tentative acceptance or non-acceptance. 

b. If the proprietary name is found to be unacceptable, the sponsor can request 
reconsideration by submitting a written rebuttal with supporting data or 
request a meeting within 60 days to discuss the initial decision (meeting 
package required). 
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c. If the proprietary name is found to be unacceptable, the above review 
performance goals also would apply to the written request for reconsideration 
with supporting data or the submission of a new proprietary name. 

d.  A complete submission is required to begin the review clock. 

2. Proprietary Name Review Performance Goals During Application Review 

a. Review 90% of biosimilar biological product proprietary name submissions 
filed within 90 days of receipt.  Notify sponsor of tentative acceptance/non-
acceptance. 

b. A supplemental review will be done meeting the above review performance 
goals if the proprietary name has been submitted previously (during the BPD 
phase) and has received tentative acceptance. 

c. If the proprietary name is found to be unacceptable, the sponsor can request 
reconsideration by submitting a written rebuttal with supporting data or 
request a meeting within 60 days to discuss the initial decision (meeting 
package required). 

d. If the proprietary name is found to be unacceptable, the above review 
performance goals apply to the written request for reconsideration with 
supporting data or the submission of a new proprietary name. 

e. A complete submission is required to begin the review clock. 

E. MAJOR DISPUTE RESOLUTION 

1. Procedure: For procedural or scientific matters involving the review of 
biosimilar biological product applications and supplements (as defined in BsUFA) 
that cannot be resolved at the signatory authority level (including a request for 
reconsideration by the signatory authority after reviewing any materials that are 
planned to be forwarded with an appeal to the next level), the response to appeals 
of decisions will occur within 30 calendar days of the Center’s receipt of the 
written appeal. 

2. Performance goal: 90% of such responses are provided within 30 calendar days 
of the Center’s receipt of the written appeal. 

3. Conditions: 

a. Sponsors should first try to resolve the procedural or scientific issue at the 
signatory authority level.  If it cannot be resolved at that level, it should be 
appealed to the next higher organizational level (with a copy to the signatory 
authority) and then, if necessary, to the next higher organizational level. 
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b. Responses should be either verbal (followed by a written confirmation within 
14 calendar days of the verbal notification) or written and should ordinarily be 
to either grant or deny the appeal. 

c. If the decision is to deny the appeal, the response should include reasons for 
the denial and any actions the sponsor might take to persuade the Agency to 
reverse its decision. 

d. In some cases, further data or further input from others might be needed to 
reach a decision on the appeal.  In these cases, the “response” should be the 
plan for obtaining that information (e.g., requesting further information from 
the sponsor, scheduling a meeting with the sponsor, scheduling the issue for 
discussion at the next scheduled available advisory committee). 

e. In these cases, once the required information is received by the Agency 
(including any advice from an advisory committee), the person to whom the 
appeal was made, again has 30 calendar days from the receipt of the required 
information in which to either deny or grant the appeal. 

f. Again, if the decision is to deny the appeal, the response should include the 
reasons for the denial and any actions the sponsor might take to persuade the 
Agency to reverse its decision. 

g. Note: If the Agency decides to present the issue to an advisory committee and 
there are not 30 days before the next scheduled advisory committee, the issue 
will be presented at the following scheduled committee meeting to allow 
conformance with advisory committee administrative procedures. 

F. CLINICAL HOLDS 

1. Procedure: The Center should respond to a sponsor’s complete response to a 
clinical hold within 30 days of the Agency’s receipt of the submission of such 
sponsor response. 

2. Performance goal: 90% of such responses are provided within 30 calendar days 
of the Agency’s receipt of the sponsor’s response. 

G. SPECIAL PROTOCOL QUESTION ASSESSMENT AND AGREEMENT 

1. Procedure: Upon specific request by a sponsor (including specific questions that 
the sponsor desires to be answered), the Agency will evaluate certain protocols 
and related issues to assess whether the design is adequate to meet scientific and 
regulatory requirements identified by the sponsor. 

a. The sponsor should submit a limited number of specific questions about the 
protocol design and scientific and regulatory requirements for which the 
sponsor seeks agreement (e.g., are the clinical endpoints adequate to assess 
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whether there are clinically meaningful differences between the proposed 
biosimilar biological product and the reference product). 

b. Within 45 days of Agency receipt of the protocol and specific questions, the 
Agency will provide a written response to the sponsor that includes a succinct 
assessment of the protocol and answers to the questions posed by the sponsor. 
If the Agency does not agree that the protocol design, execution plans, and 
data analyses are adequate to achieve the goals of the sponsor, the reasons for 
the disagreement will be explained in the response. 

c. Protocols that qualify for this program include any necessary clinical study or 
studies to prove biosimilarity and/or interchangeability (e.g., protocols for 
pharmacokinetics and pharmacodynamics studies, protocols for comparative 
clinical studies that will form the primary basis for demonstrating that there 
are no clinically meaningful differences between the proposed biosimilar 
biological product and the reference product, and protocols for clinical studies 
intended to support a demonstration of interchangeability).  For such protocols 
to qualify for this comprehensive protocol assessment, the sponsor must have 
had a BPD Type 2b or 3 Meeting, as defined in section I.I, below, with the 
review division so that the division is aware of the developmental context in 
which the protocol is being reviewed and the questions being answered. 

d. If a protocol is reviewed under the process outlined above, and agreement 
with the Agency is reached on design, execution, and analyses, and if the 
results of the trial conducted under the protocol substantiate the hypothesis of 
the protocol, the Agency agrees that the data from the protocol can be used as 
part of the primary basis for approval of the product.  The fundamental 
agreement here is that having agreed to the design, execution, and analyses 
proposed in protocols reviewed under this process, the Agency will not later 
alter its perspective on the issues of design, execution, or analyses unless 
public health concerns unrecognized at the time of protocol assessment under 
this process are evident. 

2. Performance goal: 90% of special protocols assessments and agreement requests 
completed and returned to sponsor within 45 days.    

3. Reporting: The Agency will track and report the number of original special 
protocol assessments and resubmissions per original special protocol assessment. 

H. MEETING MANAGEMENT GOALS 

Formal BsUFA meetings between sponsors and FDA consist of Biosimilar Initial 
Advisory and BPD Type 1-4 meetings.  These meetings are further described below.    

• A Biosimilar Initial Advisory Meeting is an initial assessment limited to a general 
discussion regarding whether licensure under section 351(k) of the Public Health 
Service Act may be feasible for a particular product, and, if so, general advice on 
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the expected content of the development program.  Such term does not include 
any meeting that involves substantive review of summary data or full study 
reports.  Only one BIA meeting may be granted per program. While preliminary 
comparative analytical data from at least one lot of the proposed biosimilar or 
interchangeable product compared to the U.S.-licensed reference product is not 
required for the meeting request, sufficient information should be provided with 
the meeting request to enable FDA to make such a preliminary determination 
related to potential licensure under section 351(k) and to provide meaningful 
advice.  This should include, as appropriate:  

• Identification of reference product.  

• The indications intended to be sought for licensure.  

• A comparative analytical similarity plan, including preliminary 
identification of the Critical Quality Attributes and planned 
characterization methods.  

• If a sponsor seeks to utilize a non-US-licensed comparator during 
development, the proposed bridging strategy for US-licensed reference 
product and that comparator should be provided.  

• A conceptual plan for non-clinical studies or rationale and justification of 
why such studies may not needed.  

• A conceptual description of the planned clinical pharmacokinetics and/or 
pharmacodynamic study(ies), including proposed endpoints.  

• If the sponsor plans to conduct a comparative clinical safety and efficacy 
study, a conceptual plan should be provided. This would include the 
patient population and proposed endpoints.  

• Any guidance already received from other health authorities on product 
development.  

• Identification to the FDA of the regulatory status in other jurisdictions. 

• A BPD Type 1 Meeting is a meeting which is necessary for an otherwise stalled 
drug development program to proceed (e.g. meeting to discuss clinical holds, 
dispute resolution meeting), a special protocol assessment meeting, or a meeting 
to address an important safety issue. 

• A BPD Type 2a Meeting is a meeting focused on a narrow set of issues (e.g., 
often one, but not more than two issues and associated questions), requiring input 
from no more than 3 disciplines or review divisions. In order to request a Type 2a 
meeting, sponsors must first have had a BIA or other BPD meeting with the 
Agency. Requests could include: 
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• Defined CMC post-approval commitments (e.g., related to analytical 
methods) discussing the approach in advance of conducting the study to 
ensure the approach is in line with the Agency’s expectations. 

• Immunogenicity testing strategy following prior FDA 
recommendations/feedback. 

• Feedback on revised study design when revisions are based on prior FDA 
feedback. 

• A BPD Type 2b Meeting is a meeting to discuss a specific issue (e.g., proposed 
study design or endpoints) or questions where FDA will provide advice regarding 
an ongoing biosimilar biological product development program.  This meeting 
may include substantive review of summary data, but does not include review of 
full study reports. 

• A BPD Type 3 Meeting is an in depth data review and advice meeting regarding 
an ongoing biosimilar biological product development program.  This meeting 
includes substantive review of full study reports, FDA advice regarding the 
similarity between the proposed biosimilar biological product and the reference 
product, and FDA advice regarding additional studies, including design and 
analysis.  

• A BPD Type 4 Meeting is a pre-submission meeting to discuss the format and 
content of a complete application for an original biosimilar biological product 
application under the Program or supplement submitted under 351(k) of the PHS 
Act.  The purpose of this meeting is to discuss the format and content of the 
planned submission and other items, including identification of those studies that 
the sponsor is relying on to support a demonstration of biosimilarity or 
interchangeability, discussion of any potential review issues identified based on 
the information provided, identification of the status of ongoing or needed studies 
to adequately to address the Pediatric Research Equity Act (PREA), acquainting 
FDA reviewers with the general information to be submitted in the marketing 
application (including technical information), and discussion of the best approach 
to the presentation and formatting of data in the marketing application. 

1. Response to Meeting Requests 

a. Procedure: FDA will notify the sponsor in writing of the date, time, and place 
for the meeting, as well as expected Center participants following receipt of a 
formal meeting request and background package.  Table 1 below indicates the 
timeframes for FDA’s response to a meeting request. 
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Table 1: 

 

 

i. For Biosimilar Initial Advisory and BPD Type 2a or 2b meetings, the 
sponsor may request a written response to its questions, rather than a 
face-to-face meeting2 or teleconference.  If a written response is 
deemed appropriate, FDA will notify the sponsor of the date it intends 
to send the written response. This date will be consistent with the 
timeframes specified in Table 2 below for the specific meeting type. 

ii. For the BPD Type 2a meeting, while the sponsor may request a face-
to-face meeting, the Agency may determine that a written response to 
the sponsor’s questions would be the most appropriate means for 
providing feedback and advice to the sponsor.  When it is determined 
that the meeting request can be appropriately addressed through a 
written response, FDA will notify the sponsor of the date it intends to 
send the written response in the Agency’s response to the meeting 
request.  This date will be consistent with the timeframe for a Type 2a 
meeting.  If the sponsor believes a face-to-face Type 2a meeting is 
valuable and warranted, then the sponsor may provide a rationale in a 
follow-up correspondence explaining why a face-to-face meeting is 
valuable and warranted, and FDA will reconsider this request.  If FDA 
agrees to grant the face-to-face format, the Agency will strive to 
schedule the meeting to occur within 60 days of FDA’s receipt of the 
meeting request. 

b. Performance Goal: FDA will respond to meeting requests and provide 
notification within the response times noted in Table 1 for 90 percent of each 
meeting type. 

 

 
2 A “face-to-face” meeting includes both in-person meetings and virtual meetings on IT platforms that 
allow for both audio and visual communication. 

Meeting Type Response Time (calendar days) 

Biosimilar Initial Advisory 21 

BPD Type 1 14 

BPD Type 2a, 2b, 3 and 4 21 
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2. Scheduling Meetings 

a. Procedure: FDA will schedule the meeting on the next available date at which 
all applicable Center personnel are available to attend, consistent with the 
component’s other business; however, the meeting should be scheduled 
consistent with the type of meeting requested in Table 2.  Table 2 below 
indicates the timeframes for FDA to schedule the meeting following receipt of 
a formal meeting request and background package, or in the case of a written 
response for Biosimilar Initial Advisory and BPD Type 2a and 2b meetings, 
the timeframes for the Agency to send the written response.  If the requested 
date for any meeting type is greater than the specified timeframe, the meeting 
date should be within 14 calendar days of the requested date. 

Table 2: 

Meeting Type Meeting Scheduling or Written Response Time  

Biosimilar Initial 
Advisory 

75 calendar days from receipt of meeting request and 
background package 

BPD Type 2a 
60 calendar days from receipt of meeting request and 

background package 

BPD Type 2b 
90 calendar days from receipt of meeting request and 

background package 

 Meeting Scheduling Time 

BPD Type 1 
30 calendar days from receipt of meeting request and 

background package 

BPD Type 3 
120 calendar days from receipt of meeting request and 

background package 

BPD Type 4 60 calendar days from receipt of meeting request*  

*Note the background package for BPD Type 4 meetings must be received 
no later than 14 calendar days after FDA receipt of the meeting request. 
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b. Performance goal:   

Table 3: 

Meeting Type Goal 

BPD Type 2a 

FY 2023: 50% of meetings are held or written 
responses are sent within the timeframe 

FY 2024: 60% of meetings are held or written 
responses are sent within the timeframe 

FY 2025:  70% of meetings are held or written 
responses are sent within the timeframe 

FY 2026: 80% of meetings are held or written 
responses are sent within the timeframe 

FY 2027:  90% of meetings are held or written 
responses are sent within the timeframe 

Biosimilar Initial 
Advisory and BPD 

Type 2b 

90% of meetings are held or written responses are 
sent within the timeframe 

BPD Type 1, 3, and 4 
90% of meetings are held within the timeframe for 

each meeting type 

 

3. Preliminary Responses   

a. Procedure: The Agency will send preliminary responses to the sponsor’s 
questions contained in the background package no later than five calendar 
days before the face-to-face or teleconference meeting date for BPD Type 2b 
and Type 3 meetings. 
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b. Performance goal:  

Table 4: 

 

 

 

 

 

4. Meeting Minutes 

a. Procedure: The Agency will prepare minutes which will be available to the 
sponsor 30 calendar days after the meeting. The minutes will clearly outline 
the important agreements, disagreements, issues for further discussion, and 
action items from the meeting in bulleted form and need not be in great detail.  
Meeting minutes are not necessary if the Agency transmits a written response 
for Biosimilar Initial Advisory, BPD Type 2a, or 2b meetings.   

b. Performance Goal: 90% of minutes are issued within 30 calendar days of the 
date of the meeting. 

5. Conditions:  For a meeting to qualify for these performance goals: 

a. A written request and supporting documentation (i.e., the background 
package) must be submitted to the appropriate review division or office.  The 
background package must be submitted at the same time as the written request 
for Biosimilar Initial Advisory, BPD Type 1, 2a, 2b and 3 meetings.  For BPD 
Type 4 meetings, the background package must be received no later than 14 
calendar days after FDA receipt of the written request.  

b. The request must provide: 

i. A brief statement of the purpose of the meeting, the sponsor’s proposal 
for the type of meeting, and the sponsor’s proposal for a face-to-face 
meeting, teleconference, or for a written response (Biosimilar Initial 
Advisory and BPD Type 2a and 2b meetings only);  

ii. A listing of the specific objectives/outcomes the sponsor expects from 
the meeting; 

iii. A proposed agenda, including estimated times needed for each agenda 
item; 

Meeting Type  

BPD Types 2b and 
3 

90% of preliminary responses to questions are issued by 
FDA no later than five calendar days before the meeting 

date 
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iv. A list of questions, grouped by discipline (For each question there 
should be a brief explanation of the context and purpose of the 
question); 

v. A listing of planned external attendees; and 

vi. A listing of requested participants/disciplines representative(s) from the 
Center with an explanation for the request as appropriate. 

vii. Suggested dates and times (e.g., morning or afternoon) for the meeting 
that are within or beyond the appropriate time frame of the meeting type 
being requested. 

c. The Agency concurs that the meeting will serve a useful purpose (i.e., it is not 
premature or clearly unnecessary).  However, requests for BPD Type 2b, 3, 
and 4 Meetings will be honored except in the most unusual circumstances. 

The Center may determine that a different type of meeting (i.e., Biosimilar 
Initial Advisory, or BPD Type 1-4) is more appropriate and it may grant a 
meeting of a different type than requested, which may require the payment of a 
biosimilar biological product development fee as described in section 744H of 
the Federal Food, Drug, and Cosmetic Act before the meeting will be provided.  
If a biosimilar biological product development fee is required under section 
744H, and the sponsor does not pay the fee within the time frame required under 
section 744H, the meeting will be cancelled.  If the sponsor pays the biosimilar 
biological product development fee after the meeting has been cancelled due to 
non-payment, the time frame described in section I.I.1.a will be calculated from 
the date on which FDA received the payment, not the date on which the sponsor 
originally submitted the meeting request. 

Sponsors are encouraged to consult available FDA guidance to obtain further 
information on recommended meeting procedures. 

6. Guidance, Clarity, and Transparency   

a. Guidance: By September 30, 2023, FDA will issue a revised draft of the 
existing draft guidance on “Formal Meetings Between the FDA and Sponsors 
or Applicants of BsUFA Products” with information pertaining to BIA, Type 
2a, and Type 4 meetings, as well as the follow-up opportunity described 
below.  In addition, FDA will update relevant MAPPs and SOPPs.   

b. Follow-up opportunity: For all meeting types, to ensure the sponsor’s 
understanding of FDA feedback from meeting discussions or a WRO, 
sponsors may submit clarifying questions to the agency. Only questions of a 
clarifying nature will be permitted, i.e., to confirm something in minutes or a 
WRO issued by FDA, rather than raising new issues or new proposals. FDA 
will develop criteria and parameters for permissible requests, and FDA may 
exercise discretion about whether requests are in-scope. The clarifying 
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questions should be sent in writing as a “Request for Clarification” to the 
FDA within 20 calendar days following receipt of meeting minutes or a WRO. 
For questions that meet the criteria, FDA will issue a response in writing 
within 20 calendar days of receipt of the clarifying questions. FDA’s response 
will reference the original meeting minutes or WRO. 

c. Transparency: On or before March 31st, 2025, FDA will publish on its public 
webpage certain metrics regarding the new Type 2a meeting and sponsor 
requests for face-to-face meetings for year 1 and year 2 of BsUFA III. 

 

II. ENHANCING BIOSIMILAR AND INTERCHANGEABLE BIOLOGICAL 
PRODUCT DEVELOPMENT AND REGULATORY SCIENCE  

To facilitate the timely development of biosimilar and interchangeable biological 
products and their availability to patients, FDA will focus on enhancing communications 
during application review, including inspection communications, and advancing the 
development of combination and interchangeable products. FDA will also pilot a 
regulatory science program focused on enhancing regulatory decision-making and 
facilitating science-based recommendations in areas foundational to biosimilar and 
interchangeable biological development.   

A. PROMOTING BEST PRACTICES IN COMMUNICATION BETWEEN FDA 
AND SPONSORS DURING APPLICATION REVIEW  

The utilization of best practices in communication during application review are the 
responsibility of both industry and FDA. Efforts from both industry and FDA are 
needed in order to continue advancement, improvement, and updating of best 
practices.  

To continue to enhance communication with sponsors during biosimilar application 
review in BsUFA III, FDA will update relevant guidances, MAPPs and SOPPs, as 
appropriate, on or before December 31st, 2023 regarding best practices in 
communication.  FDA will utilize input from the BsUFA II final assessment of the 
Program, FDA experiences, and discussion from a meeting with industry on best 
practices in FY 2022 to update the above documents, as appropriate. 

B. INSPECTIONS AND ALTERNATIVE TOOLS TO EVALUATE FACILITIES 

1. Enhancing Inspection Communication for Applications, not Including 
Supplements 

FDA and industry believe enhanced communication between review teams and 
industry on certain pre-license inspections can facilitate an efficient application 
review process.   

Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 313 of 557 PageID #: 9230



 
 

 26 

When FDA determines for an application, not including supplements, that it is 
necessary to conduct a pre-license inspection at a time when the product identified 
in the application is being manufactured, FDA’s goal is to communicate its intent 
to inspect a manufacturing facility at least 60 days in advance of the pre-license 
inspection and no later than mid-cycle. FDA reserves the right to conduct 
manufacturing facility inspections at any time during the review cycle, whether or 
not FDA has communicated to the facility the intent to inspect. 

2. Alternative Tools to Assess Manufacturing Facilities Named in Pending 
Applications 

During the COVID-19 public health emergency, the FDA expanded its use of 
alternate tools for assessing facilities named in applications, including exercising 
its authority to request records and other information in advance of or in lieu of an 
inspection, granted per section 704(a)(4) of the Federal Food, Drug, and Cosmetic 
Act (FD&C Act) (21 U.S.C. 374(a)). Where appropriate, the Agency also 
increased the use of information, including inspection reports, shared by trusted 
foreign regulatory partners through mutual recognition agreements and other 
confidentiality agreements. As FDA continues to gain experience and lessons 
learned from the use of these tools, FDA will communicate its thinking on the use 
of such methods beyond the pandemic.   

On or before September 30, 2023, FDA will issue draft guidance on the use of 
alternative tools to assess manufacturing facilities named in pending applications 
(e.g., requesting existing inspection reports from other trusted foreign regulatory 
partners through mutual recognition and confidentiality agreements, requesting 
information from applicants, requesting records and other information directly 
from facilities and other inspected entities, and, as appropriate, utilizing new or 
existing technology platforms to assess manufacturing facilities). The guidance 
will incorporate best practices, including those in existing published documents, 
from the use of such tools during the COVID-19 pandemic. FDA will work 
towards the goal of publishing final guidance within 18 months after the close of 
the public comment period on the draft guidance. If, after receiving comments on 
the draft guidance, FDA determines that the guidance requires substantive 
changes on which further public comments are warranted, FDA will issue a 
revised draft guidance within those 18 months instead. It then will work towards 
publishing a final guidance within 18 months after the close of the public 
comment period on the revised draft guidance. 

C. ADVANCING THE DEVELOPMENT OF BIOSIMILAR BIOLOGICAL-
DEVICE COMBINATION PRODUCTS REGULATED BY CDER AND CBER  

1. Use-Related Risk Analysis (URRA) 

Sponsors employ URRA to identify the need for risk mitigation strategies and to 
design a human factors (HF) validation study. Based on a URRA, a sponsor may 
propose that a HF validation study is not needed to be submitted to support the 
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safe and effective use of a biosimilar biologic-device combination product. FDA 
will establish the following procedures for review of URRAs for combination 
products: 

 The sponsor should submit a request for review of their URRA to their IND. 
The submission should include specific questions, justification that a HF 
validation study is not needed to be submitted including any supporting 
information, and scientific and regulatory requirements for which the sponsor 
seeks agreement. 

 Within 60 days of Agency receipt of the URRA and specific questions, the 
Agency will provide a written response to the sponsor that includes a succinct 
assessment of the URRA and answers to the questions posed by the sponsor. 
If the Agency does not agree that either the URRA or the sponsor’s 
justification are adequate to support the absence of a HF validation study, the 
reasons for the disagreement will be explained in the response. 

 URRA submission: performance goals for FDA will be phased in, starting FY 
2024 as follows: 

i. By FY 2024, review and notify sponsor of agreement or non-
agreement with comments for 50% of filed submissions, within 60 
days of receipt of submission. 

ii. By FY 2025, review and notify sponsor of agreement or non-
agreement with comments for 70% of filed submissions, within 60 
days of receipt of submission. 

iii. By FY 2026, review and notify sponsor of agreement or non-
agreement with comments for 90% of filed submissions, within 60 
days of receipt of submission. 

iv. By FY 2027, review and notify sponsor of agreement or non-
agreement with comments for 90% of filed submissions, within 60 
days of receipt of submission.  

 On or before the end of FY 2024, FDA will publish new draft or revised 
guidance for review staff and industry describing considerations related to 
biosimilar biologic-device combination products on the topics noted below. 

Guidance will convey FDA’s current thinking regarding how a URRA along 
with other information can be used to inform when the results from an HF 
validation study may need to be submitted to a marketing application. The 
guidance will provide a comprehensive, systematic and stepwise approach 
with examples, when applicable, to illustrate how to make this determination. 
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 Sponsors may still elect to submit a URRA with a HF validation protocol and 
will only be subject to timelines in Section II.C.2., For Human Factor 
Validation Study Protocols.  

2. Human Factor Validation Study Protocols 

Human factors studies are conducted to evaluate the user interface of a biosimilar 
biologic-device combination product to eliminate or mitigate use-related hazards 
that may affect the safe and effective use of the combination product. Over the 
past decade, more combination products have been developed to deliver 
therapeutics via different routes of administration (e.g., parenteral, inhalation) 
with complex engineering designs. HF validation protocols are reviewed during 
the IND stage with the goal towards developing a final finished combination 
product that supports the marketing application. To achieve this objective, FDA 
will establish the following procedures for review of HF validation study 
protocols: 

 The sponsor should submit a human factors protocol to the IND with specific 
questions, including scientific and regulatory requirements for which the 
sponsor seeks agreement (e.g., are the study participant groups appropriate to 
represent intended users, is the study endpoint adequate, are the critical tasks 
that should be evaluated appropriately identified).  

 Within 60 days of Agency receipt of the protocol and specific questions, the 
Agency will provide a written response to the sponsor that includes a succinct 
assessment of the protocol and answers to the questions posed by the sponsor. 
If the Agency does not agree that the protocol design, execution plans, and 
data analyses are adequate to achieve the goals of the sponsor, the reasons for 
the disagreement will be explained in the response.  

Performance goals for FDA will be as follows:  

 Beginning in FY 2023, review and provide sponsor with written comments for 
90% of human factors validation protocol submissions within 60 days of 
receipt of protocol submission.  

D. ADVANCING DEVELOPMENT OF INTERCHANGEABLE BIOSIMILAR 
BIOLOGICAL PRODUCTS  

FDA is committed to a focused effort to further advance the development of safe and 
effective interchangeable biosimilar biological products. The effort will address 
current needs, prospectively identify future needs and incorporate the following 
components: 

1. Research: FDA will leverage the BsUFA III Regulatory Science Program to 
advance product development, assist regulatory decision-making, and support 
guidance development for interchangeable biosimilar products.  
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2. Foundational guidance development: FDA will develop foundational guidances 
for the development of interchangeable biosimilar biological products: 

a. On or before September 30, 2025, FDA will publish a draft guidance 
describing considerations for developing presentations, container closure 
systems and device constituent parts for proposed interchangeable biosimilar 
biological products. FDA will work towards the goal of publishing final 
guidance within 18 months after the close of the public comment period on 
the draft guidance. If, after receiving comments on the draft guidance, FDA 
determines that the guidance requires substantive changes on which further 
public comments are warranted, FDA will issue a revised draft guidance 
within those 18 months instead. It will then work towards publishing a final 
guidance within 18 months after the close of the public comment period on 
the revised draft guidance. 

b. On or before September 30, 2023, FDA will publish draft guidance on 
labeling for interchangeable biosimilar biological products. FDA will work 
towards the goal of publishing final guidance within 18 months after the close 
of the public comment period on the draft guidance. If, after receiving 
comments on the draft guidance, FDA determines that the guidance requires 
substantive changes on which further public comments are warranted, FDA 
will issue a revised draft guidance within those 18 months instead. It will then 
work towards publishing a final guidance within 18 months after the close of 
the public comment period on the revised draft guidance. 

c. On or before September 30, 2024, FDA will publish a draft guidance on 
promotional labeling and advertising considerations for interchangeable 
biosimilar biological products. FDA will work towards the goal of publishing 
final guidance within 18 months after the close of the public comment period 
on the draft guidance. If, after receiving comments on the draft guidance, 
FDA determines that the guidance requires substantive changes on which 
further public comments are warranted, FDA will issue a revised draft 
guidance within those 18 months instead. It will then work towards publishing 
a final guidance within 18 months after the close of the public comment 
period on the revised draft guidance. 

d. On or before September 30, 2024, FDA will publish a draft guidance on the 
nature and type of information, for different reporting categories, a sponsor 
should provide to support post-approval manufacturing changes to approved 
biosimilar and interchangeable biosimilar biological products. FDA will work 
towards the goal of publishing final guidance within 18 months after the close 
of the public comment period on the draft guidance. If, after receiving 
comments on the draft guidance, FDA determines that the guidance requires 
substantive changes on which further public comments are warranted, FDA 
will issue a revised draft guidance within those 18 months instead. It then will 
work towards publishing a final guidance within 18 months after the close of 
the public comment period on the revised draft guidance. 
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3. Stakeholder Engagement: FDA will hold a scientific workshop on the 
development of interchangeable products to help identify future needs (e.g., 
guidance, research) on or before October 31, 2025. Within 12 months following 
the public workshop, FDA will issue a draft strategy document for public 
comment that outlines the specific actions the agency will take to facilitate the 
development of interchangeable biosimilar biological products. The strategy 
document may identify activities and deliverables including updating or creating 
new procedures, MAPPs, SOPPs, guidances, and other changes to FDA’s 
scientific and other programs related to the topics discussed in the workshop. The 
strategy document will also include proposed timeframes for the specific actions 
outlined in the document. FDA will consider public input and will publish a final 
strategy document within 9 months after the close of the public comment period 
on the draft strategy document.  

E. REGULATORY SCIENCE TO ENHANCE THE DEVELOPMENT OF 
BIOSIMILAR AND INTERCHANGEABLE BIOLOGICAL PRODUCTS 

FDA is committed to enhancing regulatory decision-making and facilitating science-
based recommendations in areas foundational to biosimilar development. Starting in 
FY 2023, FDA will pilot a regulatory science program broadly applicable to 
facilitating biosimilar and interchangeable biological product development. Project 
goals should not be specific to a product or product class3. The pilot program will 
focus on two demonstration projects: (1) advancing the development of 
interchangeable products, and (2) improving the efficiency of biosimilar product 
development. 

1. Advancing Development of Interchangeable Products 

This demonstration project will be focused on progressing research to advance the 
development of interchangeable products. Specifically, this demonstration project 
will: 

a. Investigate and evaluate the data and information (including Real World 
Evidence) needed to meet the safety standards for determining 
interchangeability under section 351(k)(4) of the PHS Act, including:  

i. Investigate and evaluate informative, scientifically appropriate 
methodologies to assess the potential impact of differences between 
proposed interchangeable biosimilar and reference product 
presentations and container closure systems. 

ii. Investigate and evaluate informative, scientifically appropriate 
methodologies to predict immunogenicity by advancing the knowledge 
of analytical (including physical, chemical and biological function 

 
3 See Guidance for Industry: Questions and Answers on Biosimilar Development and the BPCI Act, 
December 2018 Biosimilars, Revision 1, Q&A  II.2. 
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assays), pharmacological and clinical correlations as relates to 
interchangeability. 

2. Improving the Efficiency of Biosimilar Product Development 

This demonstration project will be focused on progressing research to advance the 
efficiency of biosimilar product development, enhance regulatory decision-
making based on the latest scientific knowledge, and advance the use of 
innovative scientific methodologies and experience with biosimilars. Specifically, 
this demonstration project will: 

a. Review and evaluate opportunities for streamlining and targeting biosimilar 
product development in consideration of scientific advancements in analytical 
(including physical, chemical and biological function assays), and 
pharmacological assessments and experience with prior biosimilar product 
development and marketed biosimilar products. 

b. Investigate and evaluate informative, scientifically appropriate methodologies 
to predict immunogenicity by advancing the knowledge of analytical 
(including physical, chemical and biological function assays), 
pharmacological and clinical correlations as it relates to biosimilarity. 

3. Stakeholder Engagement: On or before October 31, 2025, FDA will hold a 
public meeting to review the progress of the demonstration projects and solicit 
input on future priorities. An interim report will be posted on FDA’s website in 
advance of the public meeting. On or before September 30, 2027, a final summary 
report of outcomes from the pilot program will be posted on FDA’s website. 

4. Deliverables: Within 12 months of the completion of the demonstration projects, 
FDA will use the learnings from the demonstration projects to publish a 
comprehensive strategy document outlining specific actions the agency will take 
to facilitate the development of biosimilar and interchangeable biological 
products. The comprehensive strategy document may include updating or creating 
new procedures, MAPPs, SOPPs, and guidances and will also include proposed 
timeframes for the specific actions outlined in the document. The comprehensive 
strategy document will be distinct from the final summary report of the pilot 
program. 

 

III. CONTINUED ENHANCEMENT OF USER FEE RESOURCE MANAGEMENT  

FDA is committed to ensuring the sustainability of BsUFA program resources and to 
enhancing the operational agility of the BsUFA program. FDA will build on the financial 
enhancements included in BsUFA II and continue activities in BsUFA III to ensure 
optimal use of user fee resources and the alignment of staff to workload through the 
continued maturation and assessment of the Agency’s resource capacity planning 
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capability. FDA will also continue activities to promote transparency of the use of 
financial resources in support of the BsUFA program.     

A. RESOURCE CAPACITY PLANNING  

FDA will continue activities to mature the Agency’s resource capacity planning 
function, including utilization of modernized time reporting, to support enhanced 
management of BsUFA resources in BsUFA III and help ensure alignment of user fee 
resources to staff workload.  

1. Resource Capacity Planning Implementation 

a. On or before the end of the 2nd quarter of FY 2023, FDA will publish an 
implementation plan that will describe how resource capacity planning and 
time reporting will continue to be implemented during BsUFA III. This 
implementation plan will address topics relevant to the maturation of resource 
capacity planning, including, but not limited to, detailing FDA’s approach to:  

 The continued implementation of the Agency’s resource capacity 
planning capability, including: 

1) The continual improvement of the Capacity Planning Adjustment 
(CPA); and 

2) The continual improvement of time reporting and its utilization in 
the CPA. 

 The integration of resource capacity planning analyses in the Agency’s 
resource and operational decision-making processes.  

b. FDA will provide annual updates on the FDA website on the Agency’s 
progress relative to activities detailed in this implementation plan on or before 
the end of the 2nd quarter of each subsequent fiscal year.   

c. FDA will document in the annual BsUFA Financial Report how the CPA fee 
revenues are being utilized.  

2. Resource Capacity Planning Assessment 

On or before the end of FY 2025, an independent contractor will complete and 
publish an evaluation of the resource capacity planning capability. This will 
include an assessment of the following topics: 

 The ability of the CPA to forecast resource needs for the BsUFA program, 
including an assessment of the scope of the workload drivers in the CPA and 
their ability to represent the overall workload of the BsUFA program;  
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 Opportunities for the enhancement of time reporting toward informing 
resource needs; and 

 The integration and utilization of resource capacity planning information 
within resource and operational decision-making processes of the BsUFA 
program. 

The contractor will provide options and recommendations in the evaluation 
regarding the continued enhancement of the above topics as warranted. The 
evaluation findings and any related recommendations will be discussed at the FY 
2026 BsUFA 5-year financial plan public meeting. After review of the findings 
and recommendations of the evaluation, FDA will, as appropriate, continue 
improving the resource capacity planning capability and the CPA. 

B. FINANCIAL TRANSPARENCY 

1. FDA will publish a BsUFA 5-year financial plan on or before the end of the 2nd 
quarter of FY 2023. The plan shall recognize that the retention of the strategic 
hiring and retention adjustment required by section 744H(b)(1)(C) of the FD&C 
Act is subject to renegotiation under a subsequent reauthorization of BsUFA. 
FDA will publish updates to the 5-year plan on or before the end of the 2nd 
quarter of each subsequent fiscal year. The annual updates will include the 
following topics: 

a. The changes in the personnel compensation and benefit costs for the process 
for the review of biosimilar biological product applications that exceed the 
amounts provided by the personnel compensation and benefit costs portion of 
the inflation adjustment; and 

b. FDA’s plan for managing costs related to strategic hiring and retention after 
the adjustment required by section 744H(b)(1)(C) of the FD&C Act expires at 
the end of fiscal year 2027, given this adjustment is not intended to be 
reauthorized in a subsequent reauthorization of BsUFA. 

2. FDA will convene a public meeting on or before the end of the 3rd quarter of each 
fiscal year to discuss the BsUFA 5-year financial plan and the Agency’s progress 
in implementing resource capacity planning, including the continual improvement 
of the CPA and time reporting, and the integration of resource capacity planning 
in resource and operational decision-making processes. 

C. MANAGEMENT OF CARRYOVER BALANCE  

FDA is committed to reducing the carryover balance to no greater than 21 weeks of 
the target revenue by the end of FY 2025.   

In the annual updates to the BsUFA five-year financial plan, FDA will provide 
updates on its progress towards implementing its plan to reduce the carryover balance 
as outlined in the FY 2022 BsUFA financial report and the five-year financial plan.  
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IV. IMPROVING FDA HIRING AND RETENTION OF REVIEW STAFF  

Enhancements to the biosimilar biological product review program require that FDA hire 
and retain sufficient numbers and types of technical and scientific experts to efficiently 
conduct reviews of 351(k) applications. During BsUFA III, the FDA will commit to do 
the following:  

A. SET CLEAR GOALS FOR BIOSIMILAR BIOLOGICAL PRODUCT 
REVIEW PROGRAM HIRING 

1. The BsUFA III agreement provides FDA additional user fee funding to hire 
additional staff for the biosimilar biological product review program in BsUFA 
III. FDA will set clear goals to hire the new staff outlined in Table 1.   

Table 1 

 FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 

CDER 14 1 0 0 0 

2. FDA will report on progress against the hiring goal for BsUFA III on a quarterly 
basis posting updates to the FDA BsUFA Performance webpage.  

B. COMPREHENSIVE AND CONTINUOUS ASSESSMENT OF HIRING AND 
RETENTION  

The Directors of CDER and CBER will utilize a qualified, independent contractor 
with expertise in assessing HR operations to conduct a targeted assessment of the 
hiring and retention of staff for the biosimilar biological product review program. The 
BsUFA III assessment will be conducted under the same contract and by the same 
independent contractor that will conduct the assessment related to hiring and retention 
of staff for the human drug review program in PDUFA VII. The contractor will assess 
the factors that contribute to HR successes and challenges, including factors outside 
of FDA’s control. The assessment will build upon the findings of previous 
evaluations conducted under BsUFA II and PDUFA VI with a focus on the changes 
and adjustments that have improved FDA’s hiring and retention outcomes and which 
challenges remain. In addition to evaluating the outcomes of various hiring changes, 
the assessment will include metrics related to recruiting and retention in the 
biosimilar biological product review program, including, but not limited to, specific 
targeted scientific disciplines, attrition, and utilization of pay authorities. The report 
will include the contractor’s findings and recommendations on further enhancements 
to hiring and retention of staff for the biosimilar biological product review program, if 
warranted.  
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The assessment will be published on FDA’s website on or before June 30th, 2025 for 
public comment. FDA will also hold a public meeting on or before September 30th, 
2025 to discuss the report, its findings, and the Agency’s specific plans to address the 
report recommendations. 

V. INFORMATION TECHNOLOGY GOALS 

Under BsUFA III, FDA will:  

A. DEVELOP DATA AND TECHNOLOGY MODERNIZATION STRATEGY  

FDA will progress a Data and Technology Modernization Strategy (“Strategy”) that 
provides FDA’s strategic direction for current and future state data-driven regulatory 
initiatives.   

1. No later than Q4 FY 2023, FDA will establish a Data and Technology 
Modernization Strategy that reflects the vision in FDA’s Technology and Data 
Modernization Action Plans, including:  

 outlining key areas of focus and approach including leveraging cloud 
technologies to support Applicant-FDA regulatory interaction;  

 articulating enterprise-wide approaches for both technology and data 
governance; and 

 aligning strategic initiatives in support of BsUFA review goals, drawing a line 
of sight between initiatives and the enterprise strategy (i.e. the agency-wide 
strategy also supporting components outside BsUFA). 

2. The Strategy will be shared and annually updated to reflect progress and any 
needed adjustments. Milestones and metrics for BsUFA initiatives will be 
included in the updates. 

B. MONITOR AND MODERNIZE ELECTRONIC SUBMISSION GATEWAY 
(ESG) 

FDA will continue to ensure the usability and improvement of the ESG. 

1. Annually, FDA will provide on the ESG website historic and current metrics on 
ESG performance in relation to published targets, characterizations and volume of 
submissions, and standards adoption and conformance. 

FDA will advance the ESG cloud-based modernization with an improved architecture 
that supports greatly expanding data submission bandwidth and storage, while 
continuing to ensure its stable operation.  
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2. Annually, FDA will provide on the ESG website historic and current metrics on 
ESG performance in relation to published targets, characterizations and volume of 
submissions, and standards adoption and conformance. 

3. By the end of FY 2025, FDA will complete ESG transition to the cloud, including 
set-up and integration of an enterprise Identity and Access Management solution 
that will streamline applicant access to FDA resources. 

4. Annually, FDA will share progress against the implementation project plan. 

5. FDA will engage industry to provide feedback and/or participate in pilot testing in 
advance of implementing significant changes that impact industry's interaction 
with the enterprise-wide systems. 

 

VI.  DEFINITIONS AND EXPLANATION OF TERMS 

A. The term “review and act on” means the issuance of a complete action letter after the 
complete review of a filed complete application. The action letter, if it is not an 
approval, will set forth in detail the specific deficiencies and, where appropriate, the 
actions necessary to place the application in condition for approval. 

B. A resubmitted original application is a complete response to an action letter 
addressing all identified deficiencies. 
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ANTI-IL-12 ANTIBODIES AND 
COMPOSITIONS THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is based in part on, and claims priority to, 
U.S. Provisional Application Nos. 60/223,358 filed Aug. 7, 
2000 and 60/236,827 filed Sep. 29, 2000, each of which is 
entirely incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to antibodies, including 
Specified portions or variants, Specific for at least one 
Interleukin-12 (IL-12) protein or fragment thereof, as well as 
nucleic acids encoding Such anti-IL-12 antibodies, comple 
mentary nucleic acids, vectors, host cells, and methods of 
making and using thereof, including therapeutic 
formulations, administration and devices. 

2. Related Art 

Interleukin-12 (IL-12) is a heterodimeric cytokine con 
Sisting of glycosylated polypeptide chains of 35 and 40 kD 
which are disulfide bonded. The cytokine is synthesized and 
Secreted by antigen presenting cells including dendritic 
cells, monocytes, macrophages, B cells, Langerhans cells 
and keratinocytes as well as natural killer (NK) cells. IL-12 
mediates a variety of biological processes and has been 
referred to as NK cell stimulatory factor (NKSF), T-cell 
Stimulating factor, cytotoxic T-lymphocyte maturation factor 
and EBV-transformed B-cell line factor (Curfs, J. H. A. J., 
et al., Clinical Microbiology Reviews, 10:742-780 (1997)). 

Interleukin-12 can bind to the IL-12 receptor expressed on 
the plasma membrane of cells (e.g., T cells, NK cell), 
thereby altering (e.g., initiating, preventing) biological pro 
cesses. For example, the binding of IL-12 to the IL-12 
receptor can Stimulate the proliferation of pre-activated T 
cells and NK cells, enhance the cytolytic activity of cyto 
toxic T cells (CTL), NK cells and LAK (lymphokine acti 
vated killer) cells, induce production of gamma interferon 
(IFN GAMMA) by T cells and NK cells and induce differ 
entiation of naive ThC) cells into Th1 cells that produce IFN 
GAMMA and IL-2 (Trinchieri, G., Annual Review of 
Immunology, 13:251-276 (1995)). In particular, IL-12 is 
vital for the generation of cytolytic cells (e.g., NK, CTL) and 
for mounting a cellular immune response (e.g., a Th1 cell 
mediated immune response). Thus, IL-12 is critically impor 
tant in the generation and regulation of both protective 
immunity (e.g., eradication of infections) and pathological 
immune responses (e.g., autoimmunity) (Hendrzak, J. A. and 
Brunda, M. J., Laboratory Investigation, 72:619–637 
(1995)). Accordingly, an immune response (e.g., protective 
or pathogenic) can be enhanced, Suppressed or prevented by 
manipulation of the biological activity of IL-12 in vivo, for 
example, by means of an antibody. 
Non-human mammalian, chimeric, polyclonal (e.g., anti 

Sera) and/or monoclonal antibodies (Mabs) and fragments 
(e.g., proteolytic digestion or fusion protein products 
thereof) are potential therapeutic agents that are being 
investigated in Some cases to attempt to treat certain dis 
eases. However, Such antibodies or fragments can elicit an 
immune response when administered to humans. Such an 
immune response can result in an immune complex 
mediated clearance of the antibodies or fragments from the 
circulation, and make repeated administration unsuitable for 
therapy, thereby reducing the therapeutic benefit to the 
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patient and limiting the readministration of the antibody or 
fragment. For example, repeated administration of antibod 
ies or fragments comprising non-human portions can lead to 
Serum sickness and/or anaphalaxis. In order to avoid these 
and other problems, a number of approaches have been 
taken to reduce the immunogenicity of Such antibodies and 
portions thereof, including chimerization and humanization, 
as well known in the art. These and other approaches, 
however, Still can result in antibodies or fragments having 
Some immunogenicity, low affinity, low avidity, or with 
problems in cell culture, Scale up, production, and/or low 
yields. Thus, Such antibodies or fragments can be less than 
ideally Suited for manufacture or use as therapeutic proteins. 

Accordingly, there is a need to provide anti-IL-12 anti 
bodies or fragments that overcome one more of these 
problems, as well as improvements over known antibodies 
or fragments thereof. 

SUMMARY OF THE INVENTION 

The present invention provides isolated human, primate, 
rodent, mammalian, chimeric, humanized and/or CDR 
grafted anti-IL-12 antibodies, immunoglobulins, cleavage 
products and other specified portions and variants thereof, as 
well as anti-IL-12 antibody compositions, encoding or 
complementary nucleic acids, Vectors, host cells, 
compositions, formulations, devices, transgenic animals, 
transgenic plants, and methods of making and using thereof, 
as described and enabled herein, in combination with what 
is known in the art. 
The present invention also provides at least one isolated 

anti-IL-12 antibody as described herein. An antibody 
according to the present invention includes any protein or 
peptide containing molecule that comprises at least a portion 
of an immunoglobulin molecule, Such as but not limited to 
at least one complementarity determining region (CDR) of 
a heavy or light chain or a ligand binding portion thereof, a 
heavy chain or light chain variable region, a heavy chain or 
light chain constant region, a framework region, or any 
portion thereof, that can be incorporated into an antibody of 
the present invention. An antibody of the invention can 
include or be derived from any mammal, Such as but not 
limited to a human, a mouse, a rabbit, a rat, a rodent, a 
primate, or any combination thereof, and the like. 
The present invention provides, in one aspect, isolated 

nucleic acid molecules comprising, complementary, or 
hybridizing to, a polynucleotide encoding Specific anti-IL 
12 antibodies, comprising at least one Specified Sequence, 
domain, portion or variant thereof. The present invention 
further provides recombinant vectors comprising Said anti 
IL-12 antibody nucleic acid molecules, host cells containing 
Such nucleic acids and/or recombinant vectors, as well as 
methods of making and/or using Such antibody nucleic 
acids, Vectors and/or host cells. 
At least one antibody of the invention binds at least one 

Specified epitope specific to at least one IL-12 protein, 
Subunit, fragment, portion or any combination thereof. The 
at least one epitope can comprise at least one antibody 
binding region that comprises at least one portion of Said 
protein, which epitope is preferably comprised of at least 
1-5 amino acids of at least one portion thereof, Such as but 
not limited to, at least one functional, extracellular, Soluble, 
hydrophillic, external or cytoplasmic domain of Said protein, 
or any portion thereof. 
The at least one antibody can optionally comprise at least 

one Specified portion of at least one complementarity deter 
mining region (CDR) (e.g., CDR1, CDR2 or CDR3 of the 
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heavy or light chain variable region) and/or at least one 
constant or variable framework region or any portion 
thereof. The at least one antibody amino acid Sequence can 
further optionally comprise at least one Specified 
Substitution, insertion or deletion as described herein or as 
known in the art. 

The present invention also provides at least one isolated 
anti-IL-12 antibody as described herein, wherein the anti 
body has at least one activity, Such as, but not limited to: (i) 
inhibition of IL-12 induced IFN-gamma secretion; (ii) inhi 
bition of LAK cell cytotoxicity; (iii) inhibition of IFN 
gamma mRNA transription; (iv) inhibition of intracellular 
IFN gamma CD3+ cells; and/or (v) CD95 expression. See, 
e.g., Chan, et al., (1992). J. Immunol. 148(1): 92-98; Chan, 
et al., (1991). J. Exp. Med. 173(4): 869–79; Chehimi, et al., 
(1992) J. Exp. Med. 175(3): 789–96; Medvedev, et al., 
(1997) Cytokine 9(6): 394-404. A(n) anti-IL-12 antibody 
can thus be Screened for a corresponding activity according 
to known methods, Such as but not limited to at least one 
biological activity towards a IL-12 protein. 

The present invention further provides at least one IL-12 
anti-idiotype antibody to at least one IL-12 antibody of the 
present invention. The anti-idiotype antibody includes any 
protein or peptide containing molecule that comprises at 
least a portion of an immunoglobulin molecule, Such as but 
not limited to at least one complementarity determining 
region (CDR) of a heavy or light chain or a ligand binding 
portion thereof, a heavy chain or light chain variable region, 
a heavy chain or light chain constant region, a framework 
region, or any portion thereof, that can be incorporated into 
an antibody of the present invention. An antibody of the 
invention can include or be derived from any mammal, Such 
as but not limited to a human, a mouse, a rabbit, a rat, a 
rodent, a primate, and the like. 

The present invention provides, in one aspect, isolated 
nucleic acid molecules comprising, complementary, or 
hybridizing to, a polynucleotide encoding at least one IL-12 
anti-idiotype antibody, comprising at least one Specified 
Sequence, domain, portion or variant thereof. The present 
invention further provides recombinant vectors comprising 
Said IL-12 anti-idiotype antibody encoding nucleic acid 
molecules, host cells containing Such nucleic acids and/or 
recombinant vectors, as well as methods of making and/or 
using Such anti-idiotype antibody nucleic acids, vectors 
and/or host cells. 
The present invention also provides at least one method 

for expressing at least one anti-IL-12 antibody, or IL-12 
anti-idiotype antibody, in a host cell, comprising culturing a 
host cell as described herein under conditions wherein at 
least one anti-IL-12 antibody is expressed in detectable 
and/or recoverable amounts. 
The present invention also provides at least one compo 

Sition comprising (a) an isolated anti-IL-12 antibody encod 
ing nucleic acid and/or antibody as described herein; and (b) 
a Suitable carrier or diluent. The carrier or diluent can 
optionally be pharmaceutically acceptable, according to 
known carriers or diluents. The composition can optionally 
further comprise at least one further compound, protein or 
composition. 

The present invention further provides at least one anti 
IL-12 antibody method or composition, for administering a 
therapeutically effective amount to modulate or treat at least 
one IL-12 related condition in a cell, tissue, organ, animal or 
patient and/or, prior to, Subsequent to, or during a related 
condition, as described herein. 
The present invention also provides at least one 

composition, device and/or method of delivery of a thera 
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peutically or prophylactically effective amount of at least 
one anti-IL-12 antibody, according to the present invention. 
The present invention further provides at least one anti 

IL-12 antibody method or composition, for diagnosing at 
least one IL-12 related condition in a cell, tissue, organ, 
animal or patient and/or, prior to, Subsequent to, or during a 
related condition, as described herein. 
The present invention also provides at least one 

composition, device and/or method of delivery for diagnos 
ing of at least one anti-IL-12 antibody, according to the 
present invention. 

DESCRIPTION OF THE FIGURES 

FIGS. 1A and 1B are graphs showing concentration 
dependent binding of human anti-IL-12 mAbs to immobi 
lized human IL-12. Anti-IL-12 antibodies were serially 
diluted in 19% BSA/PBS and incubated on rh-12 coated 
plates for 1 hour at 37 C. Plates were washed twice with 
0.02% Tween 20 (polyoxyethylene (20) sorbitan 
monolaurate), 0.15M saline and then probed with horse 
radish peroxidase (HRP) labeled goat anti-human IgG kappa 
Specific antibody for 1 hour at room temperature. Plates 
were again washed, developed with o-phenylenediamine 
(OPD) substrate and the optical density (OD) of each well 
was measured at 490 nm. 

FIG.2: Lanes from left to right in Figures A and B contain 
human IL-12, human IL-12 p40, murine IL-12, and 
preStained molecular weight markers. FIG. 2A ShowS bands 
Stained from total protein. The primary bands in each lane 
are human IL-12 (75 kd), p40 human IL-12 (40 kd), and 
murine IL-12 (75 kd). FIG. 2B shows a western blot 
prepared from a gel identical to that shown in FIG. 2A. Blot 
was reacted with C340 followed by HRP labeled goat 
anti-human IgG and Specifically detected human IL-12 
(monomer and multimers) and human IL-12 p40 only. A 
control blot (not shown) reacted with HRP labeled goat 
anti-human IgG did not display any bands. 

FIG. 3: Reverse transcription-PCR analysis of IFNY gene 
expression in human PBL’s treated with IL-2, IL-12, IL-2+ 
IL-12 with and without anti-IL-12 antibody C340, 8.6.2, 
isotype control antibody. Total RNA was reverse 
transcribed, amplified by PCR using gene-specific primers. 
The level of B-actin mRNA in each sample was also deter 
mined which served as a control for mRNA integrity and 
COntent. 

FIG. 4 is a histogram showing that human anti-IL-12 mAb 
(C340) inhibits production of interferon-Y (IFNY) by mono 
cyte depleted CD3+ peripheral blood mononuclear cells 
(PBMC) stimulated with IL-2 plus IL-12. PBMC were 
cultured for five hours in control media (no added 
cytokines), media Supplemented with IL-12 (0.1 ng/ml) plus 
IL-2 (50 IU/ml) (IL-12/IL-2), control media containing mAb 
C340 (10 ug/ml) and IL-12/IL-2 media containing mAb 
C340 (10 ug/ml). Intracellular IFNY was measured by two 
color immunostaining with CD3-PE and IFNY-FITC. Data 
are shown for one donor. 

FIG. 5 is a graph showing dose-dependent inhibition of 
IFNY secretion by IL-2 plus IL-12 stimulated peripheral 
blood lymphocytes with two different lots of a human 
anti-IL-12 mAb (C340). Human PBL (8x106/ml) were 
cultured for 24 hours with 10 U/ml IL-2, IL-2 plus 400 pg/ml 
IL-12, or IL-2 plus IL-12 and mAb C340 as indicated. The 
culture Supernatents were removed and assayed for IFNY by 
EIA. 

FIG. 6 is a histogram showing dose-dependent inhibition 
of IL-12 plus IL-2 induced LAK cell cytotoxicity by a 
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human anti-IL-12 mAb (C340). LAK effector cells (human 
PBL, 8x106/ml) were cultured for 24 hours with IL-12 (400 
pg/ml) plus IL-2 (10 U/ml) and mAb C340 (5000 ng/ml or 
50 ng/ml as indicated). The LAK effector cells were washed 
and cultured with 51Cr labeled Raji target cells for four 
hours at an effector to target (E:T) ration of 8.0:1, and the 
quantity of 51Cr released into the media upon Raji cell lysis 
was measured. Results are expressed as the mean of three 
normal donors standard error. IL-12 positive control (IL-12) 
is effector cells incubated with IL-12 and without antibody. 
Background (BKGD) is effector cells incubated without 
IL-12 or antibody. 

FIGS. 7A and 7B are histograms showing that IL-12 plus 
IL-2-induced expression of CD95 on CD3+ peripheral blood 
mononuclear cells is inhibited by human anti-IL-12 mAb 
(C340). PBMC were cultured for 72 hours in media con 
taining 0.1 ng/ml IL-12 and a suboptimal dose of IL-2 (50 
IU/ml) in the presence or absence of mAb C340 (10 ug/ml). 
CD95 expression was measured flow cytometry of cells 
stained with anti-CD95-FITC. Gating was performed using 
two-color analysis (CD3 or CD56-PE vs. CD95-FITC) and 
forward VS. Orthogonal light Scatter. 

FIG. 8 is a graph showing that recombinant human 
anti-human IL-12 antibodies (rC340) bind to immobilized 
IL-12 in a manner that is indistinguishable from purified 
mAb C340. The concentration of rC340 in the Supernatants 
of three rC340-producing recombinant cell lines was 
determined, and the Supernatants were evaluated for IL-12 
binding in an ELISA. Plates were coated with 2 ug/ml 
human IL-12 and incubated with purified mAb C340 from 
the original hybridoma (standard) or the Supernatants of 
recombinant cell lines. IL-12-bound antibody was detected 
using alkaline phosphatase-conjugated goat anti-human IgG 
(heavy chain--light chain). 

FIGS. 9A-9C are graphs showing growth kinetics and the 
quantity of antibody Secreted by three independently 
derived rC340-producing recombinant cell subclones (FIG. 
9A, subclone C379B; FIG. 9B, subclone C381A, FIG. 9C, 
subclone C389A). Recombinant cells were seeded into T75 
flasks at a starting density of 2x10 cells/ml in standard 
media. At various times, cells were resuspended and the 
number of live cells and the quantity (ug/ml) of rC340 in the 
media were determined. 

DESCRIPTION OF THE INVENTION 

The present invention provides isolated, recombinant 
and/or Synthetic anti-IL-12 human, primate, rodent, 
mammalian, chimeric, humanized or CDR-grafted, antibod 
ies and IL-12 anti-idiotype antibodies thereto, as well as 
compositions and encoding nucleic acid molecules compris 
ing at least one polynucleotide encoding at least one anti 
IL-12 antibody or anti-idiotype antibody. The present inven 
tion further includes, but is not limited to, methods of 
making and using Such nucleic acids and antibodies and 
anti-idiotype antibodies, including diagnostic and therapeu 
tic compositions, methods and devices. 
As used herein, an “anti-Interleukin-12 antibody,” “anti 

IL-12 antibody,” “anti-IL-12 antibody portion,” or “anti-IL 
12 antibody fragment” and/or “anti-IL-12 antibody variant” 
and the like include any protein or peptide containing 
molecule that comprises at least a portion of an immuno 
globulin molecule, Such as but not limited to at least one 
complementarity determining region (CDR) of a heavy or 
light chain or a ligand binding portion thereof, a heavy chain 
or light chain variable region, a heavy chain or light chain 
constant region, a framework region, or any portion thereof, 
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or at least one portion of an IL-12 receptor or binding 
protein, which can be incorporated into an antibody of the 
present invention. Such antibody optionally further affects a 
Specific ligand, Such as but not limited to where Such 
antibody modulates, decreases, increases, antagonizes, 
agonizes, mitigates, alleviates, blocks, inhibits, abrogates 
and/or interferes with at least one IL-12 activity or binding, 
or with IL-12 receptor activity or binding, in vitro, in Situ 
and/or in Vivo. As a non-limiting example, a Suitable anti 
IL-12 antibody, Specified portion or variant of the present 
invention can bind at least one IL-12, or Specified portions, 
variants or domains thereof. A suitable anti-IIL-12 antibody, 
Specified portion, or variant can also optionally affect at least 
one of IL-12 activity or function, Such as but not limited to, 
RNA, DNA or protein synthesis, IL-12 release, IL-12 recep 
tor Signaling, membrane IL-12 cleavage, IL-12 activity, 
IL-12 production and/or synthesis. The term “antibody” is 
further intended to encompass antibodies, digestion 
fragments, Specified portions and variants thereof, including 
antibody mimetics or comprising portions of antibodies that 
mimic the Structure and/or function of an antibody or 
Specified fragment or portion thereof, including Single chain 
antibodies and fragments thereof. Functional fragments 
include antigen-binding fragments that bind to a mammalian 
IL-12. For example, antibody fragments capable of binding 
to IL-12 or portions thereof, including, but not limited to Fab 
(e.g., by papain digestion), Fab" (e.g., by pepsin digestion 
and partial reduction) and F(ab') (e.g., by pepsin digestion), 
facb (e.g., by plasmin digestion), pFc' (e.g., by pepsin or 
plasmin digestion), Fd (e.g., by pepsin digestion, partial 
reduction and reaggregation), Fv or ScFv (e.g., by molecular 
biology techniques) fragments, are encompassed by the 
invention (See, e.g., Colligan, Immunology, Supra). 

Such fragments can be produced by enzymatic cleavage, 
Synthetic or recombinant techniques, as known in the art 
and/or as described herein. Antibodies can also be produced 
in a variety of truncated forms using antibody genes in 
which one or more Stop codons have been introduced 
upstream of the natural Stop site. For example, a combina 
tion gene encoding a F(ab') heavy chain portion can be 
designed to include DNA sequences encoding the CH 
domain and/or hinge region of the heavy chain. The various 
portions of antibodies can be joined together chemically by 
conventional techniques, or can be prepared as a contiguous 
protein using genetic engineering techniques. 
As used herein, the term “human antibody” refers to an 

antibody in which substantially every part of the protein 
(e.g., CDR, framework, C, C, domains (e.g., C1, C2, 
C3), hinge, (V, V)) is Substantially non-immunogenic in 
humans, with only minor Sequence changes or variations. 
Similarly, antibodies designated primate (monkey, babboon, 
chimpanzee, etc.), rodent (mouse, rat, rabbit, guinea pig, 
hamster, and the like) and other mammals designate Such 
Species, Sub-genus, genus, Sub-family, family Specific anti 
bodies. Further, chimeric antibodies include any combina 
tion of the above. Such changes or variations optionally and 
preferably retain or reduce the immunogenicity in humans or 
other species relative to non-modified antibodies. Thus, a 
human antibody is distinct from a chimeric or humanized 
antibody. It is pointed out that a human antibody can be 
produced by a non-human animal or prokaryotic or eukary 
otic cell that is capable of expressing functionally rearranged 
human immunoglobulin (e.g., heavy chain and/or light 
chain) genes. Further, when a human antibody is a single 
chain antibody, it can comprise a linker peptide that is not 
found in native human antibodies. For example, an Fv can 
comprise a linker peptide, Such as two to about eight glycine 
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or other amino acid residues, which connects the variable 
region of the heavy chain and the variable region of the light 
chain. Such linker peptides are considered to be of human 
origin. 

Bispecific, heterospecific, heteroconjugate or Similar anti 
bodies can also be used that are monoclonal, preferably 
human or humanized, antibodies that have binding Speci 
ficities for at least two different antigens. In the present case, 
one of the binding Specificities is for at least one IL-12 
protein, the other one is for any other antigen. Methods for 
making bispecific antibodies are known in the art. 
Traditionally, the recombinant production of bispecific anti 
bodies is based on the co-expression of two immunoglobulin 
heavy chain-light chain pairs, where the two heavy chains 
have different specificities (Milstein and Cuello, Nature 
305:537 (1983)). Because of the random assortment of 
immunoglobulin heavy and light chains, these hybridomas 
(quadromas) produce a potential mixture of 10 different 
antibody molecules, of which only one has the correct 
bispecific structure. The purification of the correct molecule, 
which is usually done by affinity chromatography Steps, is 
rather cumberSome, and the product yields are low. Similar 
procedures are disclosed, e.g., in WO 93/08829, U.S. Pat. 
Nos. 6,210,668, 6,193,967, 6,132,992, 6,106,833, 6,060, 
285, 6,037,453, 6,010,902, 5,989,530, 5,959,084, 5,959,083, 
5,932,448, 5,833,985, 5,821,333, 5,807,706, 5,643,759, 
5,601,819, 5,582,996, 5,496,549, 4,676,980, WO 91/00360, 
WO 92/00373, EP 03089, Traunecker et al., EMBO J. 
10:3655 (1991), Suresh et al., Methods in Enzymology 
121:210 (1986), each entirely incorporated herein by refer 
CCC. 

Anti-IL-12 antibodies (also termed IL-12 antibodies) use 
ful in the methods and compositions of the present invention 
can optionally be characterized by high affinity binding to 
IL-12 and optionally and preferably having low toxicity. In 
particular, an antibody, Specified fragment or variant of the 
invention, where the individual components, Such as the 
variable region, constant region and framework, individu 
ally and/or collectively, optionally and preferably possess 
low immunogenicity, is useful in the present invention. The 
antibodies that can be used in the invention are optionally 
characterized by their ability to treat patients for extended 
periods with measurable alleviation of Symptoms and low 
and/or acceptable toxicity. Low or acceptable immunoge 
nicity and/or high affinity, as well as other Suitable 
properties, can contribute to the therapeutic results achieved. 
“Low immunogenicity' is defined herein as raising Signifi 
cant HAHA, HACA or HAMA responses in less than about 
75%, or preferably less than about 50% of the patients 
treated and/or raising low titres in the patient treated (less 
than about 300, preferably less than about 100 measured 
with a double antigen enzyme immunoassay) (See, e.g., 
Elliott et al., Lancet 344:1125-1127 (1994), entirely incor 
porated herein by reference). 
Utility 

The isolated nucleic acids of the present invention can be 
used for production of at least one anti-IL-12 antibody or 
Specified variant thereof, which can be used to measure or 
effect in an cell, tissue, organ or animal (including mammals 
and humans), to diagnose, monitor, modulate, treat, 
alleviate, help prevent the incidence of, or reduce the 
Symptoms of, at least one IL-12 condition, Selected from, but 
not limited to, at least one of an immune disorder or disease, 
a cardiovascular disorder or disease, an infectious, 
malignant, and/or neurologic disorder or disease, or other 
known or Specified IL-12 related condition. 

Such a method can comprise administering an effective 
amount of a composition or a pharmaceutical composition 
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comprising at least one anti-IL-12 antibody to a cell, tissue, 
organ, animal or patient in need of Such modulation, 
treatment, alleviation, prevention, or reduction in Symptoms, 
effects or mechanisms. The effective amount can comprise 
an amount of about 0.001 to 500 mg/kg per Single (e.g., 
bolus), multiple or continuous administration, or to achieve 
a serum concentration of 0.01-5000 tug/ml serum concen 
tration per Single, multiple or continuous adminstration, or 
any effective range or value therein, as done and determined 
using known methods, as described herein or known in the 
relevant arts. 
Citations 

All publications or patents cited herein are entirely incor 
porated herein by reference as they show the State of the art 
at the time of the present invention and/or to provide 
description and enablement of the present invention. Publi 
cations refer to any Scientific or patent publications, or any 
other information available in any media format, including 
all recorded, electronic or printed formats. The following 
references are entirely incorporated herein by reference: 
Ausubel, et al., ed., Current Protocols in Molecular Biology, 
John Wiley & Sons, Inc., NY, N.Y. (1987–2001); Sambrook, 
et al., Molecular Cloning: A Laboratory Manual, 2" Edition, 
Cold Spring Harbor, N.Y. (1989); Harlow and Lane, 
antibodies, a Laboratory Manual, Cold Spring Harbor, N.Y. 
(1989); Colligan, et al., eds., Current Protocols in 
Immunology, John Wiley & Sons, Inc., NY (1994-2001); 
Colligan et al., Current Protocols in Protein Science, John 
Wiley & Sons, New York, N.Y., (1997–2001). 
Antibodies of the Present Invention 
At least one anti-IL-12 antibody of the present invention 

can be optionally produced by a cell line, a mixed cell line, 
an immortalized cell or clonal population of immortalized 
cells, as well known in the art. See, e.g., AuSubel, et al., ed., 
Current Protocols in Molecular Biology, John Wiley & Sons, 
Inc., New York, N.Y. (1987–2001); Sambrook, et al., 
Molecular Cloning: A Laboratory Manual, 2" Edition, Cold 
Spring Harbor, N.Y. (1989); Harlow and Lane, antibodies, a 
Laboratory Manual, Cold Spring Harbor, N.Y. (1989); 
Colligan, et al., eds., Current Protocols in Immunology, John 
Wiley & Sons, Inc., NY (1994–2001); Colligan et al., 
Current Protocols in Protein Science, John Wiley & Sons, 
New York, N.Y., (1997–2001), each entirely incorporated 
herein by reference. 
Human antibodies that are specific for human IL-12 

proteins or fragments thereof can be raised against an 
appropriate immunogenic antigen, Such as isolated and/or 
IL-12 protein or a portion thereof (including Synthetic 
molecules, Such as Synthetic peptides). Other specific or 
general mammalian antibodies can be Similarly raised. 
Preparation of immunogenic antigens, and monoclonal anti 
body production can be performed using any Suitable tech 
nique. 

In one approach, a hybridoma is produced by fusing a 
Suitable immortal cell line (e.g., a myeloma cell line Such as, 
but not limited to, Sp2/0, Sp2/0-AG14, NSO, NS1, NS2, 
AE-1, L.5, >243, P3X63Ag8.653, Sp2 SA3, Sp2 MAI, Sp2 
SS1, Sp2 SA5, U937, MLA 144, ACT IV, MOLT4, DA-1, 
JURKAT, WEHI, K-562, COS, RAJI, NIH 3T3, HL-60, 
MLA 144, NAMAIWA, NEURO 2A, or the like, or 
heteromylomas, fusion products thereof, or any cell or 
fusion cell derived therefrom, or any other suitable cell line 
as known in the art. See, e.g., www.atcc.org, 
www.lifetech.com., and the like, with antibody producing 
cells, Such as, but not limited to, isolated or cloned spleen, 
peripheral blood, lymph, tonsil, or other immune or B cell 
containing cells, or any other cells expressing heavy or light 
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chain constant or variable or framework or CDR Sequences, 
either as endogenous or heterologous nucleic acid, as recom 
binant or endogenous, Viral, bacterial, algal, prokaryotic, 
amphibian, insect, reptilian, fish, mammalian, rodent, 
equine, Ovine, goat, sheep, primate, eukaryotic, genomic 
DNA, cDNA, rDNA, mitochondrial DNA or RNA, chloro 
plast DNA or RNA, hnRNA, mRNA, tRNA, single, double 
or triple Stranded, hybridized, and the like or any combina 
tion thereof. See, e.g., Ausubel, Supra, and Colligan, 
Immunology, Supra, chapter 2, entirely incorporated herein 
by reference. 

Antibody producing cells can also be obtained from the 
peripheral blood or, preferably the Spleen or lymph nodes, of 
humans or other Suitable animals that have been immunized 
with the antigen of interest. Any other Suitable host cell can 
also be used for expressing heterologous or endogenous 
nucleic acid encoding an antibody, Specified fragment or 
variant thereof, of the present invention. The fused cells 
(hybridomas) or recombinant cells can be isolated using 
Selective culture conditions or other Suitable known 
methods, and cloned by limiting dilution or cell Sorting, or 
other known methods. Cells which produce antibodies with 
the desired Specificity can be Selected by a Suitable assay 
(e.g., ELISA). 

Other Suitable methods of producing or isolating antibod 
ies of the requisite Specificity can be used, including, but not 
limited to, methods that Select recombinant antibody from a 
peptide or protein library (e.g., but not limited to, a 
bacteriophage, ribosome, oligonucleotide, RNA, cDNA, or 
the like, display library; e.g., as available from Cambridge 
antibody Technologies, Cambridgeshire, UK; MorphoSys, 
Martinsreid/Planegg, DE; Biovation, Aberdeen, Scotland, 
UK; BioInvent, Lund, Sweden; Dyax Corp., Enzon, 
Affymax/BioSite, Xoma, Berkeley, Calif.; IXSyS. See, e.g., 
EP 368,684, PCT/GB91/01134; PCT/GB92/01755; PCT/ 
GB92/002240; PCT/GB92/00883; PCT/GB93/00605; U.S. 
Ser. No. 08/350.260 (May 12, 1994); PCT/GB94/01422; 
PCT/GB94/02662; PCT/GB97/01835; (CAT/MRC), WO90/ 
14443; WO90/14424; WO90/14430; PCT/US94/1234; 
WO92/18619; WO96/07754; (Scripps); EP 614989 
(MorphoSys); WO95/16027 (BioInvent); WO88/06630; 
WO90/3809 (Dyax); U.S. Pat. No. 4,704,692 (Enzon); PCT/ 
US91/02989 (Affymax); WO89/06283; EP 371998; EP 550 
400; (Xoma); EP 229 046; PCT/US91/07149 (Ixsys); or 
Stochastically generated peptides or proteins-U.S. Pat. 
Nos. 5,723,323, 5,763,192, 5,814,476, 5,817,483, 5,824, 
514, 5,976,862, WO 86/05803, EP 590 689 (Ixsys, now 
Applied Molecular Evolution (AME), each entirely incor 
porated herein by reference) or that rely upon immunization 
of transgenic animals (e.g., SCID mice, Nguyen et al., 
Microbiol. Immunol. 41:901–907 (1997); Sandhu et al., 
Crit. Rev. Biotechnol. 16:95-118 (1996); Eren et al., Immu 
nol. 93:154-161 (1998), each entirely incorporated by ref 
erence as well as related patents and application) that are 
capable of producing a repertoire of human antibodies, as 
known in the art and/or as described herein. Such 
techniques, include, but are not limited to, ribosome display 
(Hanes et al., Proc. Natl. Acad. Sci. USA, 94:4937–4942 
(May 1997); Hanes et al., Proc. Natl. Acad. Sci. USA, 
95:14130-14135 (November 1998)); single cell antibody 
producing technologies (e.g., selected lymphocyte antibody 
method (“SLAM”) (U.S. Pat. No. 5,627,052, Wen et al., J. 
Immunol. 17:887–892 (1987); Babcook et al., Proc. Natl. 
Acad. Sci. USA 93.7843–7848 (1996)); gel microdroplet 
and flow cytometry (Powell et al., Biotechnol. 8:333–337 
(1990); One Cell Systems, Cambridge, Mass.; Gray et al., J. 
Imm. Meth. 182:155–163 (1995); Kenny et al., Bio/Technol. 
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13:787-790 (1995)); B-cell selection (Steenbakkers et al., 
Molec. Biol. Reports 19:125-134 (1994); Jonak et al., 
Progress Biotech, Vol. 5, In Vitro Immunization in Hybri 
doma Technology, Borrebaeck, ed., Elsevier Science Pub 
lishers B. V., Amsterdam, Netherlands (1988)). 
Methods for engineering or humanizing non-human or 

human antibodies can also be used and are well known in the 
art. Generally, a humanized or engineered antibody has one 
or more amino acid residues from a Source which is non 
human, e.g., but not limited to mouse, rat, rabbit, non-human 
primate or other mammal. These human amino acid residues 
are often referred to as “import” residues, which are typi 
cally taken from an “import' variable, constant or other 
domain of a known human Sequence. Known human Ig 
Sequences are disclosed, e.g., www.ncbi.nlm.nih.gov/entreZ/ 
query.fcgi; www.atcc.org/phage/hdb.html, www. 
Sciquest.com/, www.abcam.com/, www.antibody re 
Source.com/online comp.html, www.public.iastate.edu/ 
~pedro/research tools.html, www.mgen.uni-heidelberg.de/ 
SD/IT/IT.html; www.whfreeman.com/immunology/CH05/ 
kuby05.htm; www.library.thinkquest.org/12429/Immune/ 
Antibody.html; www.hhmi.org/grants/lectures/1996/vlab/; 
www.path.cam.ac.uk/~ mrc 7/mike image S.html; 
www.antibodyresource.com/; mcb.harvard.edu/BioLinkS/ 
Immunology.html. www.immunology link.com/, 
pathbox.wustl.edu/~hcenter/index.html; www.biotech. 
ufl.edu/-hcl/; www.pebio.com/pa/340913/340913.html; 
www.nal.usda.gov/awic/pubs/antibody/; www.m.ehime 
u.ac.jp/~yasuhito/Elisa.html; www.biodesign.com/ 
table.asp; www.icnet.uk/axp/facs/davies/links.html; 
www.biotech.ufl.edu/-fccl/protocol.html; www.isac 
net.org/sites geo.html; aximtl.imt.uni-marburg.de/~rek/ 
AEPStart.html; baserv.uci.kun.nl/~jraats/links1.html; 
www.recab.uni-hd.de/immuno.bme.nwu.edu/; www.mrc 
c pe.cam.ac.uk/im t-doc/public / INTRO.html; 
www.ibt.unam.mx/vir/V mice.html, imgt.cnusc. fr;8104/; 
www.biochem.ucl.ac.uk/~martin/abs/index.html; 
antibody. bath.ac.uk/; abgen.cvm.tamu.edu/lab / 
www.abgen.html; www.unizh.ch/~honegger/AHOSeminar/ 
Slide01.html; www.cryst.bbk.ac.uk/~lub cg 07s/; 
www.nimr. mrc.ac.uk/CC/cca e Wg/c cae Wg.htm, 
www.path.cam.ac.uk/~mrc7/humanisation/TAHHP.html; 
www.ibt.unam.mx/Vir/Structure / Stat aim.html; 
www.bio Sci. miSSouri.edu/Smith gp/index.html; 
www.cryst.bioc.cam.ac.uk/-fmolina/Web-pages/Pept/ 
Spotte ch.html; www.jerini.de/fr products.htm, 
www.patents.ibm.com/ibm.html.Kabat et al., Sequences of 
Proteins of Immunological Interest, U.S. Dept. Health 
(1983), each entirely incorporated herein by reference. Such 
imported Sequences can be used to reduce immunogenicity 
or reduce, enhance or modify binding, affinity, on-rate, 
off-rate, avidity, Specificity, half-life, or any other Suitable 
characteristic, as known in the art. Generally part or all of 
the non-human or human CDR Sequences are maintained 
while the non-human Sequences of the variable and constant 
regions are replaced with human or other amino acids. 
Antibodies can also optionally be humanized with retention 
of high affinity for the antigen and other favorable biological 
properties. To achieve this goal, humanized antibodies can 
be optionally prepared by a process of analysis of the 
parental Sequences and various conceptual humanized prod 
ucts using three-dimensional models of the parental and 
humanized Sequences. Three-dimensional immunoglobulin 
models are commonly available and are familiar to those 
skilled in the art. Computer programs are available which 
illustrate and display probable three-dimensional conforma 
tional Structures of Selected candidate immunoglobulin 
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Sequences. Inspection of these displays permits analysis of 
the likely role of the residues in the functioning of the 
candidate immunoglobulin Sequence, i.e., the analysis of 
residues that influence the ability of the candidate immuno 
globulin to bind its antigen. In this way, FR residues can be 
Selected and combined from the consensus and import 
Sequences So that the desired antibody characteristic, Such as 
increased affinity for the target antigencs), is achieved. In 
general, the CDR residues are directly and most Substan 
tially involved in influencing antigen binding. Humanization 
or engineering of antibodies of the present invention can be 
performed using any known method, Such as but not limited 
to those described in, Winter (Jones et al., Nature 321:522 
(1986); Riechmann et al., Nature 332:323 (1988); Verho 
eyen et al., Science 239: 1534 (1988)), Sims et al., J. 
Immunol. 151: 2296 (1993); Chothia and Lesk, J. Mol. Biol. 
196:901 (1987), Carter et al., Proc. Natl. Acad. Sci. U.S.A. 
89:4285 (1992); Presta et al., J. Immunol. 151:2623 (1993), 
U.S. Pat. Nos: 5,723,323, 5,976,862, 5,824,514, 5,817,483, 
5,814,476, 5,763,192, 5,723,323, 5,766,886, 5,714,352, 
6,204,023, 6,180,370, 5,693,762, 5,530,101, 5,585,089, 
5,225,539; 4,816,567, PCT/: US98/16280, US96/18978, 
US91/09630, US91/05939, US94/01234, GB89/01334, 
GB91/01134, GB92/01755; WO90/14443, WO90/14424, 
WO90/14430, EP229246, each entirely incorporated herein 
by reference, included references cited therein. 

The anti-IL-12 antibody can also be optionally generated 
by immunization of a transgenic animal (e.g., mouse, rat, 
hamster, non-human primate, and the like) capable of pro 
ducing a repertoire of human antibodies, as described herein 
and/or as known in the art. Cells that produce a human 
anti-IL-12 antibody can be isolated from such animals and 
immortalized using Suitable methods, Such as the methods 
described herein. 

Transgenic mice that can produce a repertoire of human 
antibodies that bind to human antigens can be produced by 
known methods (e.g., but not limited to, U.S. Pat. Nos. 
5,770,428, 5,569,825, 5,545,806, 5,625,126, 5,625,825, 
5,633,425, 5,661,016 and 5,789,650 issued to Lonberget al.; 
Jakobovits et al. WO 98/50433, Jakobovits et al. WO 
98/24893, Lonberg et al. WO 98/24884, Lonberg et al. WO 
97/13852, Lonberg et al. WO94/25585, Kucherlapate et al. 
WO 96/34096, Kucherlapate et al. EP 0463 151 B1, 
Kucherlapate et al. EP 0710 719 A1, Surani et al. U.S. Pat. 
No. 5,545,807, Bruggemann et al. WO 90/04036, Brugge 
mann et al. EP 0438474 B1, Lonberg et al. EP0814259A2, 
Lonberg et al. GB 2 272 440 A, Lonberg et al. Nature 
368:856-859 (1994), Taylor et al., Int. Immunol. 6(4) 
579–591 (1994), Green et al, Nature Genetics 7:13–21 
(1994), Mendez et al., Nature Genetics 15:146-156 (1997), 
Taylor et al., Nucleic Acids Research 20(23):6287-6295 
(1992), Tuaillon et al., Proc Natl Acad Sci USA 90(8) 
3720–3724 (1993), Lonberg et al., Int Rev Immunol 13(1): 
65–93 (1995) and Fishwald et al., Nat Biotechnol 14(7): 
845-851 (1996), which are each entirely incorporated herein 
by reference). Generally, these mice comprise at least one 
transgene comprising DNA from at least one human immu 
noglobulin locus that is functionally rearranged, or which 
can undergo functional rearrangement. The endogenous 
immunoglobulin loci in Such mice can be disrupted or 
deleted to eliminate the capacity of the animal to produce 
antibodies encoded by endogenous genes. 

Screening antibodies for Specific binding to Similar pro 
teins or fragments can be conveniently achieved using 
peptide display libraries. This method involves the Screening 
of large collections of peptides for individual members 
having the desired function or structure. Antibody Screening 
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of peptide display libraries is well known in the art. The 
displayed peptide sequences can be from 3 to 5000 or more 
amino acids in length, frequently from 5-100 amino acids 
long, and often from about 8 to 25 amino acids long. In 
addition to direct chemical Synthetic methods for generating 
peptide libraries, several recombinant DNA methods have 
been described. One type involves the display of a peptide 
Sequence on the Surface of a bacteriophage or cell. Each 
bacteriophage or cell contains the nucleotide Sequence 
encoding the particular displayed peptide Sequence. Such 
methods are described in PCT Patent Publication Nos. 
91/17271, 91/18980, 91/19818, and 93/08278. Other sys 
tems for generating libraries of peptides have aspects of both 
in vitro chemical Synthesis and recombinant methods. See, 
PCT Patent Publication Nos. 92/05258, 92/14843, and 
96/19256. See also, U.S. Pat. Nos. 5,658,754; and 5,643, 
768. Peptide display libraries, Vector, and Screening kits are 
commercially available from Such Suppliers as Invitrogen 
(Carlsbad, Calif.), and Cambridge Antibody Technologies 
(Cambridgeshire, UK). See, e.g., U.S. Pat. Nos. 4,704,692, 
4,939,666, 4,946,778, 5,260,203, 5,455,030, 5,518,889, 
5,534,621, 5,656,730, 5,763,733, 5,767,260, 5,856,456, 
assigned to Enzon; U.S. Pat. Nos. 5,223,409, 5,403,484, 
5,571,698, 5,837,500, assigned to Dyax, U.S. Pat. Nos. 
5,427,908, 5,580,717, assigned to Affymax; U.S. Pat. No. 
5,885,793, assigned to Cambridge antibody Technologies; 
U.S. Pat. No. 5,750,373, assigned to Genentech, U.S. Pat. 
Nos. 5,618,920, 5,595,898, 5,576,195, 5,698,435, 5,693, 
493, 5,698,417, assigned to Xoma, Colligan, Supra, AuSubel, 
Supra; or Sambrook, Supra, each of the above patents and 
publications entirely incorporated herein by reference. 

Antibodies of the present invention can also be prepared 
using at least one anti-IL-12 antibody encoding nucleic acid 
to provide transgenic animals or mammals, Such as goats, 
cows, horses, sheep, and the like, that produce Such anti 
bodies in their milk. Such animals can be provided using 
known methods. See, e.g., but not limited to, U.S. Pat. Nos. 
5,827,690; 5,849,992; 4,873,316; 5,849,992; 5,994,616; 
5,565,362; 5,304,489, and the like, each of which is entirely 
incorporated herein by reference. 

Antibodies of the present invention can additionally be 
prepared using at least one anti-IL-12 antibody encoding 
nucleic acid to provide transgenic plants and cultured plant 
cells (e.g., but not limited to tobacco and maize) that 
produce Such antibodies, specified portions or variants in the 
plant parts or in cells cultured therefrom. As a non-limiting 
example, transgenic tobacco leaves expressing recombinant 
proteins have been Successfully used to provide large 
amounts of recombinant proteins, e.g., using an inducible 
promoter. See, e.g., Cramer et al., Curr. Top. Microbol. 
Immunol. 240:95-118 (1999) and references cited therein. 
Also, transgenic maize have been used to express mamma 
lian proteins at commercial production levels, with biologi 
cal activities equivalent to those produced in other recom 
binant Systems or purified from natural Sources. See, e.g., 
Hood et al., Adv. Exp. Med. Biol. 464:127-147 (1999) and 
references cited therein. Antibodies have also been produced 
in large amounts from transgenic plant Seeds including 
antibody fragments, Such as Single chain antibodies (ScFv's), 
including tobacco Seeds and potato tuberS. See, e.g., Conrad 
et al., Plant Mol. Biol. 38:101-109 (1998) and reference 
cited therein. Thus, antibodies of the present invention can 
also be produced using transgenic plants, according to know 
methods. See also, e.g., Fischer et al., Biotechnol. Appl. 
Biochem. 30:99-108 (October, 1999), Ma et al., Trends 
Biotechnol. 13:522-7 (1995); Ma et al., Plant Physiol. 
109:341-6 (1995); Whitelam et al., Biochem. Soc. Trans. 
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22:940–944 (1994); and references cited therein. Each of the 
above references is entirely incorporated herein by refer 
CCC. 

The antibodies of the invention can bind human IL-12 
with a wide range of affinities (K). In a preferred 
embodiment, at least one human mAb of the present inven 
tion can optionally bind human IL-12 with high affinity. For 
example, a human mAb can bind human IL-12 with a K. 
equal to or less than about 107 M, such as but not limited 
to, 0.1-9.9 (or any range or value therein) X 10", 10, 
10–9, 10-10, 10-11, 10-12, 10-13 or any range or value 
therein. 

The affinity or avidity of an antibody for an antigen can 
be determined experimentally using any Suitable method. 
(See, for example, Berzofsky, et al., “Antibody-Antigen 
Interactions.” In Fundamental Immunology, Paul, W. E., 
Ed., Raven Press: New York, N.Y. (1984); Kuby, Janis 
Immunology, W. H. Freeman and Company: New York, N.Y. 
(1992); and methods described herein). The measured affin 
ity of a particular antibody-antigen interaction can vary if 
measured under different conditions (e.g., Salt concentration, 
pH). Thus, measurements of affinity and other antigen 
binding parameters (e.g., K, K, K) are preferably made 
with Standardized Solutions of antibody and antigen, and a 
standardized buffer, Such as the buffer described herein. 
Nucleic Acid Molecules 

Using the information provided herein, Such as the nucle 
otide Sequences encoding at least 70–100% of the contigu 
ous amino acids of at least one of SEQ ID NOS:1, 2, 3, 4, 
5, 6, 7, 8, Specified fragments, variants or consensus 
Sequences thereof, or a deposited vector comprising at least 
one of these sequences, a nucleic acid molecule of the 
present invention encoding at least one anti-IL-12 antibody 
can be obtained using methods described herein or as known 
in the art. 

Nucleic acid molecules of the present invention can be in 
the form of RNA, such as mRNA, hnRNA, tRNA or any 
other form, or in the form of DNA, including, but not limited 
to, cDNA and genomic DNA obtained by cloning or pro 
duced synthetically, or any combinations thereof. The DNA 
can be triple-Stranded, double-Stranded or Single-Stranded, 
or any combination thereof. Any portion of at least one 
strand of the DNA or RNA can be the coding strand, also 
known as the Sense Strand, or it can be the non-coding 
Strand, also referred to as the anti-Sense Strand. 

Isolated nucleic acid molecules of the present invention 
can include nucleic acid molecules comprising an open 
reading frame (ORF), optionally with one or more introns, 
e.g., but not limited to, at least one specified portion of at 
least one CDR, as GDR1, CDR2 and/or CDR3 of at least one 
heavy chain (e.g., SEQ ID NOS: 1-3) or light chain (e.g., 
SEQ ID NOS: 4–6); nucleic acid molecules comprising the 
coding Sequence for an anti-IL-12 antibody or variable 
region (e.g., SEQ ID NOS:7.8); and nucleic acid molecules 
which comprise a nucleotide Sequence Substantially differ 
ent from those described above but which, due to the 
degeneracy of the genetic code, Still encode at least one 
anti-IL-12 antibody as described herein and/or as known in 
the art. Of course, the genetic code is well known in the art. 
Thus, it would be routine for one skilled in the art to generate 
Such degenerate nucleic acid variants that code for Specific 
anti-IL-12 antibodies of the present invention. See, e.g., 
AuSubel, et al., Supra, and Such nucleic acid variants are 
included in the present invention. Non-limiting examples of 
isolated nucleic acid molecules of the present invention 
include SEQ ID NOS:10-15, corresponding to non-limiting 
examples of a nucleic acid encoding, respectively, HG 
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CDR1, HG CDR2, HG CDR3, LC CDR1, LC CDR2, LC 
CDR3, HG variable region and LC variable region. 
AS indicated herein, nucleic acid molecules of the present 

invention which comprise a nucleic acid encoding an anti 
IL-12 antibody can include, but are not limited to, those 
encoding the amino acid Sequence of an antibody fragment, 
by itself; the coding Sequence for the entire antibody or a 
portion thereof; the coding Sequence for an antibody, frag 
ment or portion, as well as additional Sequences, Such as the 
coding Sequence of at least one signal leader or fusion 
peptide, with or without the aforementioned additional cod 
ing Sequences, Such as at least one intron, together with 
additional, non-coding Sequences, including but not limited 
to, non-coding 5' and 3' Sequences, Such as the transcribed, 
non-translated Sequences that play a role in transcription, 
mRNA processing, including Splicing and polyadenylation 
Signals (for example-ribosome binding and Stability of 
mRNA); an additional coding sequence that codes for addi 
tional amino acids, Such as those that provide additional 
functionalities. Thus, the Sequence encoding an antibody can 
be fused to a marker Sequence, Such as a Sequence encoding 
a peptide that facilitates purification of the fused antibody 
comprising an antibody fragment or portion. 
Polynucleotides Which Selectively Hybridize to a Poly 
nucleotide as Described Herein 
The present invention provides isolated nucleic acids that 

hybridize under Selective hybridization conditions to a poly 
nucleotide disclosed herein. Thus, the polynucleotides of 
this embodiment can be used for isolating, detecting, and/or 
quantifying nucleic acids comprising Such polynucleotides. 
For example, polynucleotides of the present invention can 
be used to identify, isolate, or amplify partial or full-length 
clones in a deposited library. In Some embodiments, the 
polynucleotides are genomic or cDNA sequences isolated, 
or otherwise complementary to, a cDNA from a human or 
mammalian nucleic acid library. 

Preferably, the cDNA library comprises at least 80% 
full-length sequences, preferably at least 85% or 90% full 
length Sequences, and more preferably at least 95% full 
length sequences. The cDNA libraries can be normalized to 
increase the representation of rare Sequences. Low or mod 
erate Stringency hybridization conditions are typically, but 
not eXclusively, employed with Sequences having a reduced 
Sequence identity relative to complementary Sequences. 
Moderate and high Stringency conditions can optionally be 
employed for Sequences of greater identity. Low Stringency 
conditions allow Selective hybridization of Sequences hav 
ing about 70% sequence identity and can be employed to 
identify orthologous or paralogous Sequences. 

Optionally, polynucleotides of this invention will encode 
at least a portion of an antibody encoded by the polynucle 
otides described herein. The polynucleotides of this inven 
tion embrace nucleic acid Sequences that can be employed 
for Selective hybridization to a polynucleotide encoding an 
antibody of the present invention. See, e.g., AuSubel, Supra; 
Colligan, Supra, each entirely incorporated herein by refer 
CCC. 

Construction of Nucleic Acids 
The isolated nucleic acids of the present invention can be 

made using (a) recombinant methods, (b) synthetic 
techniques, (c) purification techniques, or combinations 
thereof, as well-known in the art. 
The nucleic acids can conveniently comprise Sequences in 

addition to a polynucleotide of the present invention. For 
example, a multi-cloning Site comprising one or more endo 
nuclease restriction sites can be inserted into the nucleic acid 
to aid in isolation of the polynucleotide. Also, translatable 
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Sequences can be inserted to aid in the isolation of the 
translated polynucleotide of the present invention. For 
example, a hexa-histidine marker Sequence provides a con 
Venient means to purify the proteins of the present invention. 
The nucleic acid of the present invention-excluding the 
coding Sequence-is optionally a vector, adapter, or linker 
for cloning and/or expression of a polynucleotide of the 
present invention. 

Additional Sequences can be added to Such cloning and/or 
expression Sequences to optimize their function in cloning 
and/or expression, to aid in isolation of the polynucleotide, 
or to improve the introduction of the polynucleotide into a 
cell. Use of cloning vectors, expression vectors, adapters, 
and linkers is well known in the art. (See, e.g., Ausubel, 
Supra; or Sambrook, Supra) 
Recombinant Methods for Constructing Nucleic Acids 
The isolated nucleic acid compositions of this invention, 

such as RNA, cDNA, genomic DNA, or any combination 
thereof, can be obtained from biological Sources using any 
number of cloning methodologies known to those of skill in 
the art. In Some embodiments, oligonucleotide probes that 
Selectively hybridize, under Stringent conditions, to the 
polynucleotides of the present invention are used to identify 
the desired sequence in a cDNA or genomic DNA library. 
The isolation of RNA, and construction of cDNA and 
genomic libraries, is well known to those of ordinary skill in 
the art. (See, e.g., Ausubel, Supra; or Sambrook, Supra) 
Nucleic Acid Screening and Isolation Methods 
AcDNA or genomic library can be Screened using a probe 

based upon the Sequence of a polynucleotide of the present 
invention, Such as those disclosed herein. Probes can be used 
to hybridize with genomic DNA or cDNA sequences to 
isolate homologous genes in the same or different organ 
isms. Those of skill in the art will appreciate that various 
degrees of Stringency of hybridization can be employed in 
the assay, and either the hybridization or the wash medium 
can be Stringent. AS the conditions for hybridization become 
more Stringent, there must be a greater degree of comple 
mentarity between the probe and the target for duplex 
formation to occur. The degree of Stringency can be con 
trolled by one or more of temperature, ionic Strength, pH and 
the presence of a partially denaturing Solvent Such as for 
mamide. For example, the Stringency of hybridization is 
conveniently varied by changing the polarity of the reactant 
Solution through, for example, manipulation of the concen 
tration of formamide within the range of 0% to 50%. The 
degree of complementarity (Sequence identity) required for 
detectable binding will vary in accordance with the Strin 
gency of the hybridization medium and/or wash medium. 
The degree of complementarity will optimally be 100%, or 
70-100%, or any range or value therein. However, it should 
be understood that minor Sequence variations in the probes 
and primers can be compensated for by reducing the Strin 
gency of the hybridization and/or wash medium. 

Methods of amplification of RNA or DNA are well known 
in the art and can be used according to the present invention 
without undue experimentation, based on the teaching and 
guidance presented herein. 
Known methods of DNA or RNA amplification include, 

but are not limited to, polymerase chain reaction (PCR) and 
related amplification processes (See, e.g., U.S. Pat. Nos. 
4,683,195, 4,683,202, 4,800,159, 4,965,188, to Mullis, et 
al.; U.S. Pat. Nos. 4,795,699 and 4,921,794 to Tabor, et al; 
U.S. Pat. No. 5,142,033 to Innis; U.S. Pat. No. 5,122,464 to 
Wilson, et al.; U.S. Pat. No. 5,091,310 to Innis; U.S. Pat. No. 
5,066,584 to Gyllensten, et al; U.S. Pat. No. 4,889,818 to 
Gelfand, et al; U.S. Pat. No. 4,994,370 to Silver, et al; U.S. 

15 

25 

35 

40 

45 

50 

55 

60 

65 

16 
Pat. No. 4,766,067 to Biswas, U.S. Pat. No. 4,656,134 to 
Ringold) and RNA mediated amplification that uses anti 
Sense RNA to the target Sequence as a template for double 
stranded DNA synthesis (U.S. Pat. No. 5,130,238 to Malek, 
et al, with the tradename NASBA), the entire contents of 
which references are incorporated herein by reference. (See, 
e.g., Ausubel, Supra; or Sambrook, Supra.) 

For instance, polymerase chain reaction (PCR) technol 
ogy can be used to amplify the Sequences of polynucleotides 
of the present invention and related genes directly from 
genomic DNA or cDNA libraries. PCR and other in vitro 
amplification methods can also be useful, for example, to 
clone nucleic acid Sequences that code for proteins to be 
expressed, to make nucleic acids to use as probes for 
detecting the presence of the desired mRNA in Samples, for 
nucleic acid Sequencing, or for other purposes. Examples of 
techniques Sufficient to direct perSons of Skill through in 
Vitro amplification methods are found in Berger, Supra, 
Sambrook, Supra, and Ausubel, Supra, as well as Mullis, et 
al., U.S. Pat. No. 4,683.202 (1987); and Innis, et al., PCR 
Protocols A Guide to Methods and Applications, Eds., 
Academic Press Inc., San Diego, Calif. (1990). Commer 
cially available kits for genomic PCR amplification are 
known in the art. See, e.g., Advantage-GC Genomic PCR 
Kit (Clontech). Additionally, e.g., the T4 gene 32 protein 
(Boehringer Mannheim) can be used to improve yield of 
long PCR products. 
Synthetic Methods for Constructing Nucleic Acids 
The isolated nucleic acids of the present invention can 

also be prepared by direct chemical Synthesis by known 
methods (see, e.g., Ausubel, et al., Supra). Chemical Synthe 
sis generally produces a single-stranded oligonucleotide, 
which can be converted into double-stranded DNA by 
hybridization with a complementary Sequence, or by poly 
merization with a DNA polymerase using the Single Strand 
as a template. One of Skill in the art will recognize that while 
chemical synthesis of DNA can be limited to sequences of 
about 100 or more bases, longer Sequences can be obtained 
by the ligation of Shorter Sequences. 
Recombinant Expression Cassettes 
The present invention further provides recombinant 

expression cassettes comprising a nucleic acid of the present 
invention. A nucleic acid Sequence of the present invention, 
for example a cDNA or a genomic Sequence encoding an 
antibody of the present invention, can be used to construct 
a recombinant expression cassette that can be introduced 
into at least one desired host cell. A recombinant expression 
cassette will typically comprise a polynucleotide of the 
present invention operably linked to transcriptional initia 
tion regulatory Sequences that will direct the transcription of 
the polynucleotide in the intended host cell. Both heterolo 
gous and non-heterologous (i.e., endogenous) promoters can 
be employed to direct expression of the nucleic acids of the 
present invention. 

In Some embodiments, isolated nucleic acids that Serve as 
promoter, enhancer, or other elements can be introduced in 
the appropriate position (upstream, downstream or in intron) 
of a non-heterologous form of a polynucleotide of the 
present invention So as to up or down regulate expression of 
a polynucleotide of the present invention. For example, 
endogenous promoters can be altered in Vivo or in vitro by 
mutation, deletion and/or Substitution. 
Vectors and Host Cells 
The present invention also relates to vectors that include 

isolated nucleic acid molecules of the present invention, host 
cells that are genetically engineered with the recombinant 
vectors, and the production of at least one anti-IL-12 anti 
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body by recombinant techniques, as is well known in the art. 
See, e.g., Sambrook, et al., Supra, Ausubel, et al., Supra, each 
entirely incorporated herein by reference. 

The polynucleotides can optionally be joined to a vector 
containing a Selectable marker for propagation in a host. 
Generally, a plasmid vector is introduced in a precipitate, 
Such as a calcium phosphate precipitate, or in a complex 
with a charged lipid. If the vector is a virus, it can be 
packaged in Vitro using an appropriate packaging cell line 
and then transduced into host cells. 
The DNA insert should be operatively linked to an 

appropriate promoter. The expression constructs will further 
contain Sites for transcription initiation, termination and, in 
the transcribed region, a ribosome binding Site for transla 
tion. The coding portion of the mature transcripts expressed 
by the constructs will preferably include a translation initi 
ating at the beginning and a termination codon (e.g., UAA, 
UGA or UAG) appropriately positioned at the end of the 
mRNA to be translated, with UAA and UAG preferred for 
mammalian or eukaryotic cell expression. 

Expression vectors will preferably but optionally include 
at least one Selectable marker. Such markers include, e.g., 
but not limited to, methotrexate (MTX), dihydrofolate 
reductase (DHFR, U.S. Pat. Nos. 4,399.216; 4,634,665; 
4,656,134; 4.956,288; 5,149,636; 5,179,017), ampicillin, 
neomycin (G418), mycophenolic acid, or glutamine Syn 
thetase (GS, U.S. Pat. Nos. 5,122.464; 5,770,359; 5,827, 
739) resistance for eukaryotic cell culture, and tetracycline 
or amplicillin resistance genes for culturing in E. coli and 
other bacteria or prokaryotics (the above patents are entirely 
incorporated hereby by reference). Appropriate culture 
mediums and conditions for the above-described host cells 
are known in the art. Suitable vectors will be readily 
apparent to the skilled artisan. Introduction of a vector 
construct into a host cell can be effected by calcium phos 
phate transfection, DEAE-dextran mediated transfection, 
cationic lipid-mediated transfection, electroporation, 
transduction, infection or other known methods. Such meth 
ods are described in the art, Such as Sambrook, Supra, 
Chapters 1-4 and 16-18; Ausubel, Supra, Chapters 1, 9, 13, 
15, 16. 
At least one antibody of the present invention can be 

expressed in a modified form, Such as a fusion protein, and 
can include not only Secretion signals, but also additional 
heterologous functional regions. For instance, a region of 
additional amino acids, particularly charged amino acids, 
can be added to the N-terminus of an antibody to improve 
Stability and persistence in the host cell, during purification, 
or during Subsequent handling and Storage. Also, peptide 
moieties can be added to an antibody of the present inven 
tion to facilitate purification. Such regions can be removed 
prior to final preparation of an antibody or at least one 
fragment thereof. Such methods are described in many 
Standard laboratory manuals, Such as Sambrook, Supra, 
Chapters 17.29-17.42 and 18.1-18.74; Ausubel, Supra, 
Chapters 16, 17 and 18. 

Those of ordinary skill in the art are knowledgeable in the 
numerous expression Systems available for expression of a 
nucleic acid encoding a protein of the present invention. 

Alternatively, nucleic acids of the present invention can 
be expressed in a host cell by turning on (by manipulation) 
in a host cell that contains endogenous DNA encoding an 
antibody of the present invention. Such methods are well 
known in the art, e.g., as described in U.S. Pat. Nos. 
5,580,734, 5,641,670, 5,733,746, and 5,733,761, entirely 
incorporated herein by reference. 

Illustrative of cell cultures useful for the production of the 
antibodies, Specified portions or variants thereof, are mam 

15 

25 

35 

40 

45 

50 

55 

60 

65 

18 
malian cells. Mammalian cell systems often will be in the 
form of monolayers of cells although mammalian cell SuS 
pensions or bioreactors can also be used. A number of 
Suitable host cell lines capable of expressing intact glyco 
Sylated proteins have been developed in the art, and include 
the COS-1 (e.g., ATCC CRL 1650), COS-7 (e.g., ATCC 
CRL-1651), HEK293, BHK21 (e.g., ATCC CRL-10), CHO 
(e.g., ATCC CRL 1610) and BSC-1 (e.g., ATCC CRL-26) 
cell lines, CoS-7 cells, CHO cells, hep G2 cells, 
P3X63Ag8.653, SP2/0-Ag14, 293 cells, HeLa cells and the 
like, which are readily available from, for example, Ameri 
can Type Culture Collection, Manassas, Va. (www.atcc.org). 
Preferred host cells include cells of lymphoid origin such as 
myeloma and lymphoma cells. Particularly preferred host 
cells are P3X63Ag8.653 cells (ATCC Accession Number 
CRL-1580) and SP2/0-Ag14 cells (ATCC Accession Num 
ber CRL-1851). In a particularly preferred embodiment, the 
recombinant cell is a P3X63Ab8.653 or a SP2/0-Ag14 cell. 

Expression vectors for these cells can include one or more 
of the following expression control Sequences, Such as, but 
not limited to an origin of replication; a promoter (e.g., late 
or early SV40 promoters, the CMV promoter (U.S. Pat. Nos. 
5,168,062; 5,385,839), an HSV tk promoter, a pgk 
(phosphoglycerate kinase) promoter, an EF-1 alpha pro 
moter (U.S. Pat. No. 5,266,491), at least one human immu 
noglobulin promoter, an enhancer, and/or processing infor 
mation Sites, Such as ribosome binding Sites, RNA splice 
Sites, polyadenylation sites (e.g., an SV40 large T Ag poly A 
addition site), and transcriptional terminator Sequences. See, 
e.g., Ausubel et al., Supra; Sambrook, et al., Supra. Other 
cells useful for production of nucleic acids or proteins of the 
present invention are known and/or available, for instance, 
from the American Type Culture Collection Catalogue of 
Cell Lines and Hybridomas (www.atcc.org) or other known 
or commercial Sources. 
When eukaryotic host cells are employed, polyadenlya 

tion or transcription terminator Sequences are typically 
incorporated into the vector. An example of a terminator 
Sequence is the polyadenlyation Sequence from the bovine 
growth hormone gene. Sequences for accurate splicing of 
the transcript can also be included. An example of a splicing 
sequence is the VP1 intron from SV40 (Sprague, et al., J. 
Virol. 45:773–781 (1983)). Additionally, gene sequences to 
control replication in the host cell can be incorporated into 
the vector, as known in the art. 
Purification of an Antibody 
An anti-IL-12 antibody can be recovered and purified 

from recombinant cell cultures by well-known methods 
including, but not limited to, protein A purification, ammo 
nium Sulfate or ethanol precipitation, acid extraction, anion 
or cation eXchange chromatography, phosphocellulose 
chromatography, hydrophobic interaction chromatography, 
affinity chromatography, hydroxylapatite chromatography 
and lectin chromatography. High performance liquid chro 
matography (“HPLC) can also be employed for purifica 
tion. See, e.g., Colligan, Current Protocols in Immunology, 
or Current Protocols in Protein Science, John Wiley & Sons, 
New York, N.Y., (1997–2001), e.g., Chapters 1,4,6,8,9, 10, 
each entirely incorporated herein by reference. 

Antibodies of the present invention include naturally 
purified products, products of chemical Synthetic 
procedures, and products produced by recombinant tech 
niques from a eukaryotic host, including, for example, yeast, 
higher plant, insect and mammalian cells. Depending upon 
the host employed in a recombinant production procedure, 
the antibody of the present invention can be glycosylated or 
can be non-glycosylated, with glycosylated preferred. Such 
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methods are described in many Standard laboratory manuals, 
such as Sambrook, Supra, Sections 17.37-17.42; Ausubel, 
Supra, Chapters 10, 12, 13, 16, 18 and 20, Colligan, Protein 
Science, Supra, Chapters 12–14, all entirely incorporated 
herein by reference. 
Anti-IL-12 Antibodies 

The isolated antibodies of the present invention comprise 
an antibody encoded by any one of the polynucleotides of 
the present invention as discussed more fully herein, or any 
isolated or prepared antibody. Preferably, the human anti 
body or antigen-binding fragment binds human IL-12 and, 
thereby partially or Substantially neutralizes at least one 
biological activity of the protein. An antibody, or Specified 
portion or variant thereof, that partially or preferably Sub 
Stantially neutralizes at least one biological activity of at 
least one IL-12 protein or fragment can bind the protein or 
fragment and thereby inhibit activities mediated through the 
binding of LL-12 to the LL-12 receptor or through other 
IL-12-dependent or mediated mechanisms. AS used herein, 
the temi “neutralizing antibody” refers to an antibody that 
can inhibit an IL-12-dependent activity by about 20-120%, 
preferably by at least about 10, 20, 30, 40, 50,55, 60, 65,70, 
75, 80, 85, 90,91, 92,93, 94, 95, 96, 97,98, 99, 100% or 
more depending on the assay. The capacity of an anti-IL-12 
antibody to inhibit an IL-12-dependent activity is preferably 
assessed by at least one Suitable IL-12 protein or receptor 
assay, as described herein and/or as known in the art. A 
human antibody of the invention can be of any class (IgG, 
IgA, IgM, IgE, Ig), etc.) or isotype and can comprise a 
kappa or lambda light chain. In one embodiment, the human 
antibody comprises an IgG heavy chain or defined fragment, 
for example, at least one of isotypes, IgG1, IgG2, IgG3 or 
IgG4. Antibodies of this type can be prepared by employing 
a transgenic mouse or other transgenic non-human mammal 
comprising at least one human light chain (e.g., IgG, IgA and 
IgM (e.g., Y1, Y2, Y3, Y4) transgenes as described herein 
and/or as known in the art. In another embodiment, the 
anti-human IL-12 human antibody comprises an IgG1 heavy 
chain and an IgG1 light chain. 

At least one antibody of the invention binds at least one 
Specified epitope specific to at least one IL-12 protein, 
Subunit, fragment, portion or any combination thereof. The 
at least one epitope can comprise at least one antibody 
binding region that comprises at least one portion of Said 
protein, which epitope is preferably comprised of at least 
one extracellular, Soluble, hydrophillic, external or cytoplas 
mic portion of Said protein. The at least one specified epitope 
can comprise any combination of at least one amino acid 
Sequence of at least 1-3 amino acids to the entire Specified 
portion of contiguous amino acids of the SEQ ID NO:9. 

Generally, the human antibody or antigen-binding frag 
ment of the present invention will comprise an antigen 
binding region that comprises at least one human comple 
mentarity determining region (CDR1, CDR2 and CDR3) or 
variant of at least one heavy chain variable region and at 
least one human complementarity determining region 
(CDR1, CDR2 and CDR3) or variant of at least one light 
chain variable region. As a non-limiting example, the anti 
body or antigen-binding portion or variant can comprise at 
least one of the heavy chain CDR3 having the amino acid 
sequence of SEQ ID NO:3, and/or a light chain CDR3 
having the amino acid sequence of SEQ ID NO:6. In a 
particular embodiment, the antibody or antigen-binding 
fragment can have an antigen-binding region that comprises 
at least a portion of at least one heavy chain CDR (i.e., 
CDR1, CDR2 and/or CDR3) having the amino acid 
Sequence of the corresponding CDRS 1, 2 and/or 3 (e.g., 
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SEQ ID NOS:1, 2, and/or 3). In another particular 
embodiment, the antibody or antigen-binding portion or 
variant can have an antigen-binding region that comprises at 
least a portion of at least one light chain CDR (i.e., CDR1, 
CDR2 and/or CDR3) having the amino acid sequence of the 
corresponding CDRs 1, 2 and/or 3 (e.g., SEQ ID NOS: 4, 5, 
and/or 6). In a preferred embodiment the three heavy chain 
CDRs and the three light chain CDRs of the anitbody or 
antigen-binding fragment have the amino acid Sequence of 
the corresponding CDR of at least one of mAb 12B75, C340, 
or any others as described herein. Such antibodies can be 
prepared by chemically joining together the various portions 
(e.g., CDRS, framework) of the antibody using conventional 
techniques, by preparing and expressing a (i.e., one or more) 
nucleic acid molecule that encodes the antibody using 
conventional techniques of recombinant DNA technology or 
by using any other Suitable method. 
The anti-IL-12 antibody can comprise at least one of a 

heavy or light chain variable region having a defined amino 
acid Sequence. For example, in a preferred embodiment, the 
anti-IL-12 antibody comprises at least one of at least one 
heavy chain variable region, optionally having the amino 
acid sequence of SEQ ID NO:7 and/or at least one light 
chain variable region, optionally having the amino acid 
sequence of SEQ ID NO:8. Antibodies that bind to human 
IL-12 and that comprise a defined heavy or light chain 
variable region can be prepared using Suitable methods, Such 
as phage display (Katsube, Y., et al., Int J Mol. Med, 
1(5):863–868 (1998)) or methods that employ transgenic 
animals, as known in the art and/or as described herein. For 
example, a transgenic mouse, comprising a functionally 
rearranged human immunoglobulin heavy chain transgene 
and a transgene comprising DNA from a human immuno 
globulin light chain locus that can undergo functional 
rearrangement, can be immunized with human IL-12 or a 
fragment thereof to elicit the production of antibodies. If 
desired, the antibody producing cells can be isolated and 
hybridomas or other immortalized antibody-producing cells 
can be prepared as described herein and/or as known in the 
art. Alternatively, the antibody, Specified portion or variant 
can be expressed using the encoding nucleic acid or portion 
thereof in a Suitable host cell. 
The invention also relates to antibodies, antigen-binding 

fragments, immunoglobulin chains and CDRS comprising 
amino acids in a Sequence that is Substantially the same as 
an amino acid Sequence described herein. Preferably, Such 
antibodies or antigen-binding fragments and antibodies 
comprising such chains or CDRS can bind human IL-12 with 
high affinity (e.g., K. less than or equal to about 10 M). 
Amino acid Sequences that are Substantially the same as the 
Sequences described herein include Sequences comprising 
conservative amino acid Substitutions, as well as amino acid 
deletions and/or insertions. A conservative amino acid Sub 
Stitution refers to the replacement of a first amino acid by a 
Second amino acid that has chemical and/or physical prop 
erties (e.g., charge, Structure, polarity, hydrophobicity/ 
hydrophilicity) that are similar to those of the first amino 
acid. Conservative Substitutions include replacement of one 
amino acid by another within the following groups: lysine 
(K), arginine (R) and histidine (H); aspartate (D) and 
glutamate (E); asparagine (N), glutamine (Q), Serine (S), 
threonine (T), tyrosine (Y), K, R, H, D and E; alanine (A), 
valine (V), leucine (L), isoleucine (I), proline (P), phenyla 
lanine (F), tryptophan (W), methionine (M), cysteine (C) 
and glycine (G); F, W and Y; C, S and T. 
Amino Acid Codes 
The amino acids that make up anti-IL-12 antibodies of the 

present invention are often abbreviated. The amino acid 
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designations can be indicated by designating the amino acid 
by its Single letter code, its three letter code, name, or three 
nucleotide codon(s) as is well understood in the art (see 
Alberts, B., et al., Molecular Biology of The Cell, Third Ed., 
Garland Publishing, Inc., New York, 1994): 

SINGLE THREE 
LETTER LETTER THREE NUCLEOTIDE 
CODE CODE NAME CODON(S) 

A. Ala Alanine GCA, GCC, GCG, GCU 
C Cys Cysteine UGC, UGU 
D Asp Aspartic acid GAC, GAU 
E Glu Glutamic acid GAA, GAG 
F Phe Phenylanine UUC, UUU 
G Gly Glycine GGA, GGC, GGG, GGU 
H His Histidine CAC, CAU 
I Ile Isoleucine AUA, AUC, AUU 
K Lys Lysine AAA, AAG 
L Leu Leucine UUA, UUG, CUA, CUC, 

CUG, CUU 
M Met Methionine AUG 
N Asn Asparagine AAC, AAU 
P Pro Proline CCA, CCC, CCG, CCU 
O Glin Glutamine CAA, CAG 
R Arg Arginine AGA, AGG, CGA, CGC, 

CGG, CGU 
S Ser Serine AGC, AGU, UCA, UCC, 

UCG, UCU 
T Thr Threonine ACA, ACC, ACG, ACU 
V Val Valine GUA, GUC, GUG, GUU 
W Trp Tryptophan UGG 
Y Tyr Tyrosine UAC, UAU 

An anti-IL-12 antibody of the present invention can 
include one or more amino acid Substitutions, deletions or 
additions, either from natural mutations or human 
manipulation, as Specified herein. 
Of course, the number of amino acid Substitutions a 

skilled artisan would make depends on many factors, includ 
ing those described above. Generally Speaking, the number 
of amino acid Substitutions, insertions or deletions for any 
given anti-IL-12 Ig-derived protein, fragment or variant will 
not be more than 40, 30, 20, 19, 18, 17, 16, 15, 14, 13, 12, 
11, 10,9,8, 7, 6, 5, 4, 3, 2, 1, such as 1-30 or any range or 
value therein, as Specified herein. 
Amino acids in an anti-IL-12 antibody of the present 

invention that are essential for function can be identified by 
methods known in the art, Such as Site-directed mutagenesis 
or alanine-Scanning mutagenesis (e.g., Ausubel, Supra, 
Chapters 8, 15; Cunningham and Wells, Science 
244: 1081–1085 (1989)). The latter procedure introduces 
Single alanine mutations at every residue in the molecule. 
The resulting mutant molecules are then tested for biological 
activity, Such as, but not limited to at least one IL-12 
neutralizing activity. Sites that are critical for antibody 
binding can also be identified by Structural analysis Such as 
crystallization, nuclear magnetic resonance or photoaffinity 
labeling (Smith, et al., J. Mol. Biol. 224:899–904 (1992) and 
de Vos, et al., Science 255:306–312 (1992)). 

Anti-IL-12 antibodies of the present invention can 
include, but are not limited to, at least one portion, Sequence 
or combination Selected from 5 to all of the contiguous 
amino acids of at least one of SEQ ID NOS:1, 2, 3, 4, 5, 6. 

IL-12 antibodies or specified portions or variants of the 
present invention can include, but are not limited to, at least 
one portion, Sequence or combination Selected from at least 
3-5 contiguous amino acids of SEQ ID NO:1, 5-17 con 
tiguous amino acids of SEQ ID NO:2, 5-10 contiguous 
amino acids of SEQ ID NO:3, 5-11 contiguous amino acids 
of SEQ ID NO:4, 5-7 contiguous amino acids of SEQ ID 
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NO:5; 5-9 contiguous amino acids of SEQ ID NO:6; Leu21, 
Lys76, MetS3, Ser85 of SEQ ID NO:7. 
A(n) anti-IL-12 antibody can further optionally comprise 

a polypeptide of at least one of 70-100% of 5, 17, 10, 11, 7, 
9,119, or 108 contiguous amino acids of at least one of SEQ 
ID NOS:1, 2, 3, 4, 5, 6, 7 or 8. 

In one embodiment, the amino acid Sequence of an 
immunoglobulin chain, or portion thereof (e.g., variable 
region, CDR) has about 70–100% identity (e.g., 70, 71, 72, 
73, 74, 75, 76, 77, 78, 79,80, 81, 82, 83, 84,85, 86, 87, 88, 
89, 90,91, 92,93, 94, 95, 96, 97,98, 99, 100 or any range 
or value therein) to the amino acid sequence of the corre 
sponding chain of at least one of SEQ ID NOS:7, 8. For 
example, the amino acid Sequence of a light chain variable 
region can be compared with the sequence of SEQ ID NO:8, 
or the amino acid Sequence of a heavy chain CDR3 can be 
compared with SEQ ID NO:3. Preferably, 70–100% amino 
acid identity (i.e., 90,91, 92,93, 94, 95, 96, 97,98, 99, 100 
or any range or value therein) is determined using a Suitable 
computer algorithm, as known in the art. 

Exemplary heavy chain and light chain variable regions 
sequences are provided in SEQ ID NOS: 7 and 8. The 
antibodies of the present invention, or Specified variants 
thereof, can comprise any number of contiguous amino acid 
residues from an antibody of the present invention, wherein 
that number is Selected from the group of integers consisting 
of from 10-100% of the number of contiguous residues in an 
anti-IL-12 antibody. Optionally, this Subsequence of con 
tiguous amino acids is at least about 10, 20, 30, 40, 50, 60, 
70, 80,90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 
200, 210, 220, 230, 240, 250 or more amino acids in length, 
or any range or value therein. Further, the number of such 
Subsequences can be any integer Selected from the group 
consisting of from 1 to 20, Such as at least 2, 3, 4, or 5. 
AS those of skill will appreciate, the present invention 

includes at least one biologically active antibody of the 
present invention. Biologically active antibodies have a 
specific activity at least 20%, 30%, or 40%, and preferably 
at least 50%, 60%, or 70%, and most preferably at least 80%, 
90%, or 95%–1000% of that of the native (non-synthetic), 
endogenous or related and known antibody. Methods of 
assaying and quantifying measures of enzymatic activity and 
Substrate Specificity, are well known to those of Skill in the 
art. 

In another aspect, the invention relates to human antibod 
ies and antigen-binding fragments, as described herein, 
which are modified by the covalent attachment of an organic 
moiety. Such modification can produce an antibody or 
antigen-binding fragment with improved pharmacokinetic 
properties (e.g., increased in Vivo Serum half-life). The 
organic moiety can be a linear or branched hydrophilic 
polymeric group, fatty acid group, or fatty acid ester group. 
In particular embodiments, the hydrophilic polymeric group 
can have a molecular weight of about 800 to about 120,000 
Daltons and can be a polyalkane glycol (e.g., polyethylene 
glycol (PEG), polypropylene glycol (PPG)), carbohydrate 
polymer, amino acid polymer or polyvinyl pyrolidone, and 
the fatty acid or fatty acid ester group can comprise from 
about eight to about forty carbon atoms. 
The modified antibodies and antigen-binding fragments 

of the invention can comprise one or more organic moieties 
that are covalently bonded, directly or indirectly, to the 
antibody. Each organic moiety that is bonded to an antibody 
or antigen-binding fragment of the invention can indepen 
dently be a hydrophilic polymeric group, a fatty acid group 
or a fatty acid ester group. AS used herein, the term "fatty 
acid” encompasses mono-carboxylic acids and di-carboxylic 
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acids. A "hydrophilic polymeric group,” as the term is used 
herein, refers to an organic polymer that is more Soluble in 
water than in octane. For example, polylysine is more 
soluble in water than in octane. Thus, an antibody modified 
by the covalent attachment of polylysine is encompassed by 
the invention. Hydrophilic polymers suitable for modifying 
antibodies of the invention can be linear or branched and 
include, for example, polyalkane glycols (e.g., PEG, 
monomethoxy-polyethylene glycol (mPEG), PPG and the 
like), carbohydrates (e.g., de Xtran, cellulose, 
oligosaccharides, polysaccharides and the like), polymers of 
hydrophilic amino acids (e.g., polylysine, polyarginine, pol 
yaspartate and the like), polyalkane oxides (e.g., polyethyl 
ene oxide, polypropylene oxide and the like) and polyvinyl 
pyrolidone. Preferably, the hydrophilic polymer that modi 
fies the antibody of the invention has a molecular weight of 
about 800 to about 150,000 Daltons as a separate molecular 
entity. For example PEGsooo and PEGoooo wherein the 
Subscript is the average molecular weight of the polymer in 
Daltons, can be used. The hydrophilic polymeric group can 
be substituted with one to about six alkyl, fatty acid or fatty 
acid ester groups. Hydrophilic polymers that are Substituted 
with a fatty acid or fatty acid ester group can be prepared by 
employing Suitable methods. For example, a polymer com 
prising an amine group can be coupled to a carboxylate of 
the fatty acid or fatty acid ester, and an activated carboxylate 
(e.g., activated with N,N-carbonyl diimidazole) on a fatty 
acid or fatty acid ester can be coupled to a hydroxyl group 
on a polymer. 

Fatty acids and fatty acid esterS Suitable for modifying 
antibodies of the invention can be Saturated or can contain 
one or more units of unsaturation. Fatty acids that are 
suitable for modifying antibodies of the invention include, 
for example, n-dodecanoate (C2, laurate), n-tetradecanoate 
(Ca, myristate), n-octadecanoate (Cs, Stearate), 
n-eicosanoate (Co., arachidate), n-docosanoate (C22, 
behenate), n-triacontanoate (Cso), n-tetracontanoate (Cao), 
cis-A9-octadecanoate (Cs, oleate), all cis-A5,8,11,14 
eicosatetraenoate (Co., arachidonate), octanedioic acid, tet 
radecanedioic acid, octadecanedioic acid, docOSanedioic 
acid, and the like. Suitable fatty acid esters include mono 
esters of dicarboxylic acids that comprise a linear or 
branched lower alkyl group. The lower alkyl group can 
comprise from one to about twelve, preferably one to about 
Six, carbon atoms. 

The modified human antibodies and antigen-binding frag 
ments can be prepared using Suitable methods, Such as by 
reaction with one or more modifying agents. A "modifying 
agent' as the term is used herein, refers to a Suitable organic 
group (e.g., hydrophilic polymer, a fatty acid, a fatty acid 
ester) that comprises an activating group. An “activating 
group” is a chemical moiety or functional group that can, 
under appropriate conditions, react with a Second chemical 
group thereby forming a covalent bond between the modi 
fying agent and the Second chemical group. For example, 
amine-reactive activating groups include electrophilic 
groups Such as tosylate, meSylate, halo (chloro, bromo, 
fluoro, iodo), N-hydroxysuccinimidyl esters (NHS), and the 
like. Activating groups that can react with thiols include, for 
example, maleimide, iodoacetyl, acrylolyl, pyridyl 
disulfides, 5-thiol-2-nitrobenzoic acid thiol (TNB-thiol), and 
the like. An aldehyde functional group can be coupled to 
amine- or hydrazide-containing molecules, and an azide 
group can react with a trivalent phosphorous group to form 
phosphoramidate orphosphorimide linkages. Suitable meth 
ods to introduce activating groups into molecules are known 
in the art (see for example, Hermanson, G. T., Bioconjugate 
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24 
Techniques, Academic Press: San Diego, Calif. (1996)). An 
activating group can be bonded directly to the organic group 
(e.g., hydrophilic polymer, fatty acid, fatty acid ester), or 
through a linker moiety, for example a divalent C-C2 
group wherein one or more carbon atoms can be replaced by 
a heteroatom Such as oxygen, nitrogen or Sulfur. Suitable 
linker moieties include, for example, tetraethylene glycol, 
(CH)--, -NH-(CH)-NH-, -(CH)-NH 

and -CH-O-CH-CH-O-CH-CH-O 
CH-NH-. Modifying agents that comprise a linker moi 
ety can be produced, for example, by reacting a mono-Boc 
alkyldiamine (e.g., mono-Boc-ethylenediamine, mono-Boc 
diaminohexane) with a fatty acid in the presence of 1-ethyl 
3-(3-dimethylaminopropyl) carbodiimide (EDC) to form an 
amide bond between the free amine and the fatty acid 
carboxylate. The Boc protecting group can be removed from 
the product by treatment with trifluoroacetic acid (TFA) to 
expose a primary amine that can be coupled to another 
carboxylate as described, or can be reacted with maleic 
anhydride and the resulting product cyclized to produce an 
activated maleimido derivative of the fatty acid. (See, for 
example, Thompson, et al., WO 92/16221 the entire teach 
ings of which are incorporated herein by reference.) 
The modified antibodies of the invention can be produced 

by reacting a human antibody or antigen-binding fragment 
with a modifying agent. For example, the organic moieties 
can be bonded to the antibody in a non-site specific manner 
by employing an amine-reactive modifying agent, for 
example, an NHS ester of PEG. Modified human antibodies 
or antigen-binding fragments can also be prepared by reduc 
ing disulfide bonds (e.g., intra-chain disulfide bonds) of an 
antibody or antigen-binding fragment. The reduced antibody 
or antigen-binding fragment can then be reacted with a 
thiol-reactive modifying agent to produce the modified 
antibody of the invention. Modified human antibodies and 
antigen-binding fragments comprising an organic moiety 
that is bonded to Specific Sites of an antibody of the present 
invention can be prepared using Suitable methods, Such as 
reverse proteolysis (Fisch et al., Bioconjugate Chem..., 
3:147-153 (1992); Werlen et al., Bioconjugate Chem., 
5:411–417 (1994); Kumaran et al., Protein Sci. 6(10): 
2233-2241 (1997); Itoh et al., Bioorg. Chem., 24(1): 59-68 
(1996); Capellas et al., Biotechnol. Bioeng., 56(4):456-463 
(1997)), and the methods described in Hermanson, G. T., 
Bioconjugate Techniques, Academic PreSS: San Diego, 
Calif. (1996). 
Anti-Idiotype Antibodies to Anti-IL-12 IG Derived Protein 
Compositions 

In addition to monoclonal or chimeric anti-IL-12 
antibodies, the present invention is also directed to an 
anti-idiotypic (anti-Id) antibody specific for Such antibodies 
of the invention. An anti-Id antibody is an antibody which 
recognizes unique determinants generally associated with 
the antigen-binding region of another antibody. The anti-Id 
can be prepared by immunizing an animal of the same 
Species and genetic type (e.g. mouse Strain) as the Source of 
the Id antibody with the antibody or a CDR containing 
region thereof. The immunized animal will recognize and 
respond to the idiotypic determinants of the immunizing 
antibody and produce an anti-Id antibody. The anti-Id anti 
body may also be used as an “immunogen' to induce an 
immune response in yet another animal, producing a 
So-called anti-anti-Id antibody. 
Anti-IL-12 IG Derived Protein Compositions 
The present invention also provides at least one anti-IL-12 

antibody composition comprising at least one, at least two, 
at least three, at least four, at least five, at least Six or more 
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anti-IL-12 antibodies thereof, as described herein and/or as 
known in the art that are provided in a non-naturally 
occurring composition, mixture or form. Such compositions 
comprise non-naturally occurring compositions comprising 
at least one or two full length, C- and/or N-terminally 
deleted variants, domains, fragments, or Specified variants, 
of the anti-IL-12 antibody amino acid Sequence Selected 
from the group consisting of 70-100% of the contiguous 
amino acids of SEQ ID NOS:1, 2, 3, 4, 5, 6, 7 or 8, or 
Specified fragments, domains or variants thereof. Preferred 
anti-IL-12 derived protein, fragment or variant compositions 
include at least one or two full length, fragments, domains 
or variants as at least one CDR containing portions of the 
anti-IL-12 antibody sequence of 70–100% of SEQID NOS: 
1, 2, 3, 4, 5, 6, or Specified fragments, domains or variants 
thereof. Further preferred compositions comprise 40–99% 
of at least one of 70–100% of SEQ ID NOS: 1, 2, 3, 4, 5, 6, 
or Specified fragments, domains or variants thereof. Such 
composition percentages are by weight, Volume, 
concentration, molarity, or molality as liquid or dry 
Solutions, mixtures, Suspension, emulsions or colloids, as 
known in the art or as described herein. 

Anti-IL-12 antibody compositions of the present inven 
tion can further comprise at least one of any Suitable and 
effective amount of a composition or pharmaceutical com 
position comprising at least one anti-IL-12 antibody to a 
cell, tissue, organ, animal or patient in need of Such 
modulation, treatment or therapy, optionally further com 
prising at least one Selected from at least one TNF antagonist 
(e.g., but not limited to a TNF antibody or fragment, a 
soluble TNF receptor or fragment, fusion proteins thereof, or 
a small molecule TNF antagonist), an antirheumatic (e.g., 
methotrexate, auranofin, aurothioglucose, azathioprine, 
etanercept, gold Sodium thiomalate, hydroxychloroquine 
Sulfate, leflunomide, SulfaSalzine), a muscle relaxant, a 
narcotic, a non-Steroid anti-inflammatory drug (NSAD)), an 
analgesic, an anesthetic, a Sedative, a local anesthetic, a 
neuromuscular blocker, an antimicrobial (e.g., an 
aminoglycoside, an antifungal, an antiparasitic, an antiviral, 
a carbapenem, cephalosporin, a fluororquinolone, a 
macrollide, a penicillin, a Sulfonamide, a tetracycline, 
another antimicrobial), an antipsoriatic, a corticosteriod, an 
anabolic Steroid, a diabetes related agent, a mineral, a 
nutritional, a thyroid agent, a Vitamin, a calcium related 
hormone, an antidiarrheal, an antituSSive, an antiemetic, an 
antiulcer, a laxative, an anticoagulant, an erythropoieitin 
(e.g., epoetin alpha), a filgrastim (e.g., G-CSF, Neupogen), 
a SargramoStim (GM-CSF, Leukine), an immunization, an 
immunoglobulin, an immunosuppressive (e.g., basiliximab, 
cyclosporine, daclizumab), a growth hormone, a hormone 
replacement drug, an estrogen receptor modulator, a 
my driatic, a cycloplegic, an alkylating agent, an 
antimetabolite, a mitotic inhibitor, a radiopharmaceutical, an 
antidepressant, antimanic agent, an antipsychotic, an 
anxiolytic, a hypnotic, a Sympathomimetic, a Stimulant, 
donepezil, tacrine, an asthma medication, a beta agonist, an 
inhaled Steroid, a leukotriene inhibitor, a methylxanthine, a 
cromolyn, an epinephrine or analog, domase alpha 
(Pulmozyme), a cytokine or a cytokine antagonist. Non 
limiting examples of Such cytokines include, but are not 
limited to, any of IL-1 to IL-23. Suitable dosages are well 
known in the art. See, e.g., Wells et al., eds., Pharmaco 
therapy Handbook, 2" Edition, Appleton and Lange, 
Stamford, Conn. (2000); PDR Pharmacopoeia, Tarascon 
Pocket Pharmacopoeia 2000, Deluxe Edition, Tarascon 
Publishing, Loma Linda, Calif. (2000), each of which ref 
erences are entirely incorporated herein by reference. 

26 
Such anti-cancer or anti-infectives can also include toxin 

molecules that are associated, bound, co-formulated or 
co-administered with at least one antibody of the present 
invention. The toxin can optionally act to Selectively kill the 

5 pathologic cell or tissue. The pathologic cell can be a cancer 
or other cell. Such toxins can be, but are not limited to, 
purified or recombinant toxin or toxin fragment comprising 
at least one functional cytotoxic domain of toxin, e.g., 
Selected from at least one of ricin, diphtheria toxin, a venom 

10 toxin, or a bacterial toxin. The term toxin also includes both 
endotoxins and eXotoxins produced by any naturally 
occurring, mutant or recombinant bacteria or viruses which 
may cause any pathological condition in humans and other 
mammals, including toxin Shock, which can result in death. 

15 Such toxins may include, but are not limited to, enterotoxi 
genic E. coli heat-labile enterotoxin (LT), heat-stable entero 
toxin (ST), Shigella cytotoxin, Aeromonas enterotoxins, 
toxic shock syndrome toxin-1 (TSST-1), Staphylococcal 
enterotoxin A (SEA), B (SEB), or C (SEC), Streptococcal 

20 enterotoxins and the like. Such bacteria include, but are not 
limited to, Strains of a Species of enterotoxigenic E. coli 
(ETEC), enterohemorrhagic E. coli (e.g., Strains of Serotype 
0157:H7), Staphylococcus species (e.g., Staphylococcus 
aureus, Staphylococcus pyogenes), Shigella species (e.g., 

25 Shigella dysenteriae, Shigella flexneri, Shigella boydii, and 
Shigella Sonnei), Salmonella species (e.g., Salmonella typhi, 
Salmonella cholera-Suis, Salmonella enteritidis), 
CloStridium species (e.g., CloStridium perfringens, 
Clostridium dificile, Clostridium botulinum), Camphlo 

30 bacter species (e.g., Camphlobacter jejuni, Camphlobacter 
fetus), Heliobacter species, (e.g., Heliobacter pylori), Aero 
monas species (e.g., Aeromonas Sobria, Aeromonas 
hydrophila, Aeromonas caviae), Pleisomonas Shigelloides, 
Yersina enterocolitica, Vibrios species (e.g., Vibrios 

35 cholerae, Vibrios parahemolyticus), Klebsiella species, 
Pseudomonas aeruginosa, and Streptococci. See, e.g., Stein, 
ed., INTERNAL MEDICINE, 3rd ed., pp 1-13, Little, 
Brown and Co., Boston, (1990); Evans et al., eds., Bacterial 
Infections of Humans: Epidemiology and Control, 2d. Ed., 

40 pp. 239-254, Plenum Medical Book Co., New York (1991); 
Mandell et al., Principles and Practice of Infectious Diseases, 
3d. Ed., Churchill Livingstone, New York (1990); Berkow et 
al, eds., The Merck Manual, 16th edition, Merck and Co., 
Rahway, N.J., 1992; Wood et al, FEMS Microbiology 

45 Immunology, 76:121-134 (1991); Marrack et al, Science, 
248:705–711 (1990), the contents of which references are 
incorporated entirely herein by reference. 

Anti-IL-12 antibody compounds, compositions or com 
binations of the present invention can further comprise at 

50 least one of any Suitable auxiliary, Such as, but not limited 
to, diluent, binder, Stabilizer, buffers, Salts, lipophilic 
Solvents, preservative, adjuvant or the like. Pharmaceuti 
cally acceptable auxiliaries are preferred. Non-limiting 
examples of, and methods of preparing Such Sterile Solutions 

55 are well known in the art, Such as, but limited to, Gennaro, 
Ed., Remington's Pharmaceutical Sciences, 18" Edition, 
Mack Publishing Co. (Easton, Pa.) 1990. Pharmaceutically 
acceptable carriers can be routinely Selected that are Suitable 
for the mode of administration, solubility and/or stability of 

60 the anti-IL-12 antibody, fragment or variant composition as 
well known in the art or as described herein. 

Pharmaceutical excipients and additives useful in the 
present composition include but are not limited to proteins, 
peptides, amino acids, lipids, and carbohydrates (e.g., 

65 Sugars, including monosaccharides, di-, tri-, tetra-, and oli 
gosaccharides, derivatized SugarS Such as alditols, aldonic 
acids, esterified Sugars and the like; and polysaccharides or 
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Sugar polymers), which can be present singly or in 
combination, comprising alone or in combination 1-99.99% 
by weight or Volume. Exemplary protein excipients include 
Serum albumin Such as human Serum albumin (HSA), 
recombinant human albumin (rIA), gelatin, casein, and the 
like. Representative amino acid/antibody components, 
which can also function in a buffering capacity, include 
alanine, glycine, arginine, betaine, histidine, glutamic acid, 
aspartic acid, cysteine, lysine, leucine, isoleucine, Valine, 
methionine, phenylalanine, aspartame, and the like. One 
preferred amino acid is glycine. 

Carbohydrate excipients suitable for use in the invention 
include, for example, monosaccharides Such as fructose, 
maltose, galactose, glucose, D-mannose, Sorbose, and the 
like; disaccharides, Such as lactose, Sucrose, trehalose, 
cellobiose, and the like; polysaccharides, Such as raffinose, 
meleZitose, maltodextrins, dextrans, Starches, and the like; 
and alditols, Such as mannitol, Xylitol, maltitol, lactitol, 
xylitol Sorbitol (glucitol), myoinositol and the like. Preferred 
carbohydrate excipients for use in the present invention are 
mannitol, trehalose, and raffinose. 

Anti-IL-12 antibody compositions can also include a 
buffer or a pH adjusting agent; typically, the buffer is a Salt 
prepared from an organic acid or base. Representative 
buffers include organic acid Salts Such as Salts of citric acid, 
ascorbic acid, gluconic acid, carbonic acid, tartaric acid, 
Succinic acid, acetic acid, or phthalic acid, Tris, 
tromethamine hydrochloride, or phosphate buffers. Pre 
ferred buffers for use in the present compositions are organic 
acid Salts Such as citrate. 

Additionally, anti-IL-12 antibody compositions of the 
invention can include polymeric excipients/additives such as 
polyvinylpyrrolidones, ficolls (a polymeric Sugar), dextrates 
(e.g., cyclodextrins, such as 2-hydroxypropyl-f- 
cyclodextrin), polyethylene glycols, flavoring agents, anti 
microbial agents, Sweeteners, antioxidants, antistatic agents, 
surfactants (e.g., polysorbates such as "TWEEN 20” and 
“TWEEN 80”), lipids (e.g., phospholipids, fatty acids), 
Steroids (e.g., cholesterol), and chelating agents (e.g., 
EDTA). 

These and additional known pharmaceutical excipients 
and/or additives suitable for use in the anti-IL-12 antibody, 
portion or variant compositions according to the invention 
are known in the art, e.g., as listed in “Remington: The 
Science & Practice of Pharmacy”, 19" ed., Williams & 
Williams, (1995), and in the “Physician's Desk Reference”, 
52" ed., Medical Economics, Montvale, N.J. (1998), the 
disclosures of which are entirely incorporated herein by 
reference. Preferred carrier or excipient materials are car 
bohydrates (e.g., Saccharides and alditols) and buffers (e.g., 
citrate) or polymeric agents. 
Formulations 
As noted above, the invention provides for stable 

formulations, which is preferably a phosphate buffer with 
Saline or a chosen Salt, as well as preserved Solutions and 
formulations containing a preservative as well as multi-use 
preserved formulations Suitable for pharmaceutical or vet 
erinary use, comprising at least one anti-IL-12 antibody in a 
pharmaceutically acceptable formulation. Preserved formu 
lations contain at least one known preservative or optionally 
Selected from the group consisting of at least one phenol, 
m-creSol, p-creSol, o-creSol, chlorocreSol, benzyl alcohol, 
phenylmercuric nitrite, phenoxyethanol, formaldehyde, 
chlorobutanol, magnesium chloride (e.g., hexahydrate), 
alkylparaben (methyl, ethyl, propyl, butyl and the like), 
benzalkonium chloride, benzethonium chloride, Sodium 
dehydroacetate and thimerosal, or mixtures thereof in an 
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aqueous diluent. Any Suitable concentration or mixture can 
be used as known in the art, such as 0.001-5%, or any range 
or value therein, Such as, but not limited to 0.001, 0.003, 
0.005, 0.009, 0.01, 0.02, 0.03, 0.05, 0.09, 0.1, 0.2,0.3, 0.4, 
0.5,0.6,0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 
1.9, 2.0, 2.1, 2.2, 2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9, 3.0, 3.1, 3.2, 
3.3, 3.4, 3.5, 3.6, 3.7, 3.8, 3.9, 4.0, 4.3, 4.5, 4.6, 4.7, 4.8, 4.9, 
or any range or value therein. Non-limiting examples 
include, no preservative, 0.1-2% m-cresol (e.g., 0.2, 0.3, 
0.4,0.5, 0.9, 1.0%), 0.1-3% benzyl alcohol (e.g., 0.5, 0.9, 
1.1., 1.5, 1.9, 2.0, 2.5%), 0.001-0.5% thimerosal (e.g., 
0.005, 0.01), 0.001-2.0% phenol (e.g., 0.05, 0.25, 0.28, 0.5, 
0.9, 1.0%), 0.0005–1.0% alkylparaben(s) (e.g., 0.00075, 
0.0009, 0.001, 0.002, 0.005, 0.0075, 0.009, 0.01, 0.02, 0.05, 
0.075, 0.09, 0.1, 0.2,0.3, 0.5,0.75, 0.9, 1.0%), and the like. 
AS noted above, the invention provides an article of 

manufacture, comprising packaging material and at least one 
Vial comprising a Solution of at least one anti-IL-12 antibody 
with the prescribed buffers and/or preservatives, optionally 
in an aqueous diluent, wherein Said packaging material 
comprises a label that indicates that Such Solution can be 
held over a period of 1, 2, 3, 4, 5, 6, 9, 12, 18, 20, 24, 30, 
36, 40, 48, 54, 60, 66, 72 hours or greater. The invention 
further comprises an article of manufacture, comprising 
packaging material, a first vial comprising lyophilized at 
least one anti-IL-12 antibody, and a Second vial comprising 
an aqueous diluent of prescribed buffer or preservative, 
wherein Said packaging material comprises a label that 
instructs a patient to reconstitute the at least one anti-IL-12 
antibody in the aqueous diluent to form a Solution that can 
be held over a period of twenty-four hours or greater. 

The at least one anti-IL-12 antibody used in accordance 
with the present invention can be produced by recombinant 
means, including from mammalian cell or transgenic 
preparations, or can be purified from other biological 
Sources, as described herein or as known in the art. 
The range of at least one anti-IL-12 antibody in the 

product of the present invention includes amounts yielding 
upon reconstitution, if in a wet/dry System, concentrations 
from about 1.0 ug/ml to about 1000 mg/ml, although lower 
and higher concentrations are operable and are dependent on 
the intended delivery vehicle, e.g., Solution formulations 
will differ from transdermal patch, pulmonary, 
transmucosal, or OSmotic or micro pump methods. 

Preferably, the aqueous diluent optionally further com 
prises a pharmaceutically acceptable preservative. Preferred 
preservatives include those Selected from the group consist 
ing of phenol, m-creSol, p-creSol, o-creSol, chlorocreSol, 
benzyl alcohol, alkylparaben (methyl, ethyl, propyl, butyl 
and the like), benzalkonium chloride, benzethonium 
chloride, Sodium dehydroacetate and thimerosal, or mixtures 
thereof. The concentration of preservative used in the for 
mulation is a concentration Sufficient to yield an anti 
microbial effect. Such concentrations are dependent on the 
preservative Selected and are readily determined by the 
skilled artisan. 

Other excipients, e.g. isotonicity agents, buffers, 
antioxidants, preservative enhancers, can be optionally and 
preferably added to the diluent. An isotonicity agent, Such as 
glycerin, is commonly used at known concentrations. A 
physiologically tolerated buffer is preferably added to pro 
vide improved pH control. The formulations can cover a 
wide range of pHs, such as from about pH 4 to about pH 10, 
and preferred ranges from about pH 5 to about pH 9, and a 
most preferred range of about 6.0 to about 8.0. Preferably 
the formulations of the present invention have pH between 
about 6.8 and about 7.8. Preferred buffers include phosphate 
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buffers, most preferably Sodium phosphate, particularly 
phosphate buffered saline (PBS). 

Other additives, Such as a pharmaceutically acceptable 
solubilizers like Tween 20 (polyoxyethylene (20) Sorbitan 
monolaurate), Tween 40 (polyoxyethylene (20) Sorbitan 
monopalmitate), Tween 80 (polyoxyethylene (20) Sorbitan 
monooleate), Pluronic F68 (polyoxyethylene polyoxypropy 
lene block copolymers), and PEG (polyethylene glycol) or 
non-ionic Surfactants Such as polySorbate 20 or 80 or polox 
amer 184 or 188, Pluronic(R) polyls, other block 
co-polymers, and chelators such as EDTA and EGTA can 
optionally be added to the formulations or compositions to 
reduce aggregation. These additives are particularly useful if 
a pump or plastic container is used to administer the for 
mulation. The presence of pharmaceutically acceptable Sur 
factant mitigates the propensity for the protein to aggregate. 

The formulations of the present invention can be prepared 
by a process which comprises mixing at least one anti-IL-12 
antibody and a preservative Selected from the group con 
Sisting of phenol, m-creSol, p-creSol, o-creSol, chlorocreSol, 
benzyl alcohol, alkylparaben, (methyl, ethyl, propyl, butyl 
and the like), benzalkonium chloride, benzethonium 
chloride, Sodium dehydroacetate and thimerosal or mixtures 
thereof in an aqueous diluent. Mixing the at least one 
anti-IL-12 antibody and preservative in an aqueous diluent 
is carried out using conventional dissolution and mixing 
procedures. To prepare a Suitable formulation, for example, 
a measured amount of at least one anti-IL-12 antibody in 
buffered solution is combined with the desired preservative 
in a buffered Solution in quantities Sufficient to provide the 
protein and preservative at the desired concentrations. Varia 
tions of this process would be recognized by one of ordinary 
skill in the art. For example, the order the components are 
added, whether additional additives are used, the tempera 
ture and pH at which the formulation is prepared, are all 
factors that can be optimized for the concentration and 
means of administration used. 

The claimed formulations can be provided to patients as 
clear Solutions or as dual Vials comprising a vial of lyo 
philized at least one anti-IL-12 antibody that is reconstituted 
with a Second vial containing water, a preservative and/or 
excipients, preferably a phosphate buffer and/or Saline and a 
chosen Salt, in an aqueous diluent. Either a single Solution 
Vial or dual vial requiring reconstitution can be reused 
multiple times and can Suffice for a Single or multiple cycles 
of patient treatment and thus can provide a more convenient 
treatment regimen than currently available. 

The present claimed articles of manufacture are useful for 
administration over a period of immediately to twenty-four 
hours or greater. Accordingly, the presently claimed articles 
of manufacture offer Significant advantages to the patient. 
Formulations of the invention can optionally be safely stored 
at temperatures of from about 2 to about 40° C. and retain 
the biologically activity of the protein for extended periods 
of time, thus, allowing a package label indicating that the 
Solution can be held and/or used over a period of 6, 12, 18, 
24, 36, 48, 72, or 96 hours or greater. If preserved diluent is 
used, Such label can include use up to 1-12 months, one 
half, one and a half, and/or two years. 

The solutions of at least one anti-IL-12 antibody in the 
invention can be prepared by a process that comprises 
mixing at least one antibody in an aqueous diluent. Mixing 
is carried out using conventional dissolution and mixing 
procedures. To prepare a Suitable diluent, for example, a 
measured amount of at least one antibody in water or buffer 
is combined in quantities Sufficient to provide the protein 
and optionally a preservative or buffer at the desired con 
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30 
centrations. Variations of this proceSS would be recognized 
by one of ordinary skill in the art. For example, the order the 
components are added, whether additional additives are 
used, the temperature and pH at which the formulation is 
prepared, are all factors that can be optimized for the 
concentration and means of administration used. 
The claimed products can be provided to patients as clear 

Solutions or as dual Vials comprising a vial of lyophilized at 
least one anti-IL-12 antibody that is reconstituted with a 
Second vial containing the aqueous diluent. Either a single 
Solution vial or dual vial requiring reconstitution can be 
reused multiple times and can Suffice for a single or multiple 
cycles of patient treatment and thus provides a more con 
Venient treatment regimen than currently available. 
The claimed products can be provided indirectly to 

patients by providing to pharmacies, clinics, or other Such 
institutions and facilities, clear Solutions or dual vials com 
prising a vial of lyophilized at least one anti-IL-12 antibody 
that is reconstituted with a Second vial containing the 
aqueous diluent. The clear Solution in this case can be up to 
one liter or even larger in size, providing a large reservoir 
from which smaller portions of the at least one antibody 
Solution can be retrieved one or multiple times for transfer 
into Smaller Vials and provided by the pharmacy or clinic to 
their customers and/or patients. 

Recognized devices comprising these single vial Systems 
include those pen-injector devices for delivery of a Solution 
such as BD Pens, BD Autojector(R), Humaject(R), NovoPen(R), 
B-D(RPen, AutoPen(R), and OptiPen(R), GenotropinPen(R), 
Genotronorm Pen(E), Humatro Pen(E), Reco-PenE), Roferon 
Pen(R), Biojector(R), iject(R), J-tip Needle-Free Injector(R), 
Intraject(R), Medi-Ject(R), e.g., as made or developed by 
Becton Dickensen (Franklin Lakes, N.J., 
www.bectondickenson.com), Disetronic (Burgdorf, 
Switzerland, www.disetronic.com; Bioject, Portland, Oreg. 
(www.bioject.com); National Medical Products, Weston 
Medical (Peterborough, UK, www.weston-medical.com), 
Medi-Ject Corp (Minneapolis, Minn., www.mediject.com). 
Recognized devices comprising a dual vial System include 
those pen-injector Systems for reconstituting a lyophilized 
drug in a cartridge for delivery of the reconstituted Solution 
Such as the HumatroPen(E). 
The products presently claimed include packaging mate 

rial. The packaging material provides, in addition to the 
information required by the regulatory agencies, the condi 
tions under which the product can be used. The packaging 
material of the present invention provides instructions to the 
patient to reconstitute the at least one anti-IL-12 antibody in 
the aqueous diluent to form a Solution and to use the Solution 
over a period of 2-24 hours or greater for the two Vial, 
wet/dry, product. For the Single Vial, Solution product, the 
label indicates that Such Solution can be used over a period 
of 2-24 hours or greater. The presently claimed products are 
useful for human pharmaceutical product use. 
The formulations of the present invention can be prepared 

by a process that comprises mixing at least one anti-IL-12 
antibody and a selected buffer, preferably a phosphate buffer 
containing Saline or a chosen Salt. Mixing the at least one 
antibody and buffer in an aqueous diluent is carried out using 
conventional dissolution and mixing procedures. To prepare 
a Suitable formulation, for example, a measured amount of 
at least one antibody in water or buffer is combined with the 
desired buffering agent in water in quantities Sufficient to 
provide the protein and buffer at the desired concentrations. 
Variations of this process would be recognized by one of 
ordinary skill in the art. For example, the order the compo 
nents are added, whether additional additives are used, the 
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temperature and pH at which the formulation is prepared, are 
all factors that can be optimized for the concentration and 
means of administration used. 

The claimed stable or preserved formulations can be 
provided to patients as clear Solutions or as dual vials 
comprising a vial of lyophilized at least one anti-IL-12 
antibody that is reconstituted with a Second vial containing 
a preservative or buffer and excipients in an aqueous diluent. 
Either a single Solution vial or dual vial requiring reconsti 
tution can be reused multiple times and can Suffice for a 
Single or multiple cycles of patient treatment and thus 
provides a more convenient treatment regimen than cur 
rently available. 

At least one anti-IL-12 antibody in either the stable or 
preserved formulations or Solutions described herein, can be 
administered to a patient in accordance with the present 
invention via a variety of delivery methods including SC or 
IM injection; transdermal, pulmonary, transmucosal, 
implant, osmotic pump, cartridge, micro pump, or other 
means appreciated by the skilled artisan, as well-known in 
the art. 
Therapeutic Applications 

The present invention also provides a method for modu 
lating or treating at least one immune related disease, in a 
cell, tissue, organ, animal, or patient including, but not 
limited to, at least one of rheumatoid arthritis, juvenile 
rheumatoid arthritis, Systemic onset juvenile theumatoid 
arthritis, psoriatic arthritis, ankylosing spondilitis, gastric 
ulcer, Seronegative arthropathies, osteoarthritis, inflamma 
tory bowel disease, ulcerative colitis, Systemic lupus 
erythematosus, antiphospholipid Syndrome, iridocyclitis/ 
uveitis/optic neuritis, idiopathic pulmonary fibrosis, sys 
temic vasculitis/wegener's granulomatosis, Sarcoidosis, 
orchitis/vasectomy reversal procedures, allergic/atopic 
diseases, asthma, allergic rhinitis, eczema, allergic contact 
dermatitis, allergic conjunctivitis, hyperSensitivity 
pneumonitis, transplants, organ transplant rejection, graft 
Versus-host disease, Systemic inflammatory response 
Syndrome, Sepsis Syndrome, gram positive Sepsis, gram 
negative Sepsis, culture negative Sepsis, fungal Sepsis, neu 
tropenic fever, uroSepsis, meningococcemia, trauma/ 
hemorrhage, burns, ionizing radiation exposure, acute 
pancreatitis, adult respiratory distress Syndrome, rheumatoid 
arthritis, alcohol-induced hepatitis, chronic inflammatory 
pathologies, Sarcoidosis, Crohn's pathology, Sickle cell 
anemia, diabetes, nephrosis, atopic diseases, hyperSensitiv 
ity reactions, allergic rhinitis, hay fever, perennial rhinitis, 
conjunctivitis, endomettiosis, asthma, urticaria, Systemic 
anaphalaxis, dermatitis, pernicious anemia, hemolytic 
disease, thrombocytopenia, graft rejection of any organ or 
tissue, kidney transplant rejection, heart transplant rejection, 
liver transplant rejection, pancreas transplant rejection, lung 
transplant rejection, bone manow transplant (BMT) 
rejection, Skin allograft rejection, cartilage transplant 
rejection, bone graft rejection, Small bowel transplant 
rejection, fetal thymus implant rejection, parathyroid trans 
plant rejection, Xenograft rejection of any organ or tissue, 
allograft rejection, anti-receptor hyperSensitivity reactions, 
Graves disease, Raynoud's disease, type B insulin-resistant 
diabetes, asthma, myasthenia gravis, antibody-meditated 
cytotoxicity, type III hyperSensitivity reactions, Systemic 
lupus erythematosus, POEMS syndrome (polyneuropathy, 
organomegaly, endocrinopathy, monoclonal gammopathy, 
and Skin changes Syndrome), poly neuropathy, 
organomegaly, endocrinopathy, monoclonal gammopathy, 
Skin changes Syndrome, antiphospholipid Syndrome, 
pemphigus, Scleroderma, mixed connective tissue disease, 
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idiopathic Addison's disease, diabetes mellitus, chronic 
active hepatitis, primary billiary cirrhosis, Vitiligo, 
Vasculitis, post-MI cardiotomy Syndrome, type IV 
hyperSensitivity, contact dermatitis, hyperSensitivity 
pneumonitis, allograft rejection, granulomas due to intrac 
ellular organisms, drug Sensitivity, metabolic/idiopathic, 
Wilson's disease, he machromatosis, alpha-1-antitrypsin 
deficiency, diabetic retinopathy, hashimoto's thyroiditis, 
osteoporosis, hypothalamic-pituitary-adrenal axis 
evaluation, primary biliary cirrhosis, thyroiditis, 
encephalomyelitis, cachexia, cystic fibrosis, neonatal 
chronic lung disease, chronic obstructive pulmonary disease 
(COPD), familial hematophagocytic lymphohistiocytosis, 
dermatologic conditions, psoriasis, alopecia, nephrotic 
Syndrome, nephritis, glomerular nephritis, acute renal 
failure, hemodialysis, uremia, toxicity, preeclampsia, okt3 
therapy, anti-cd3 therapy, cytokine therapy, chemotherapy, 
radiation therapy (e.g., including but not limited to asthenia, 
anemia, cachexia, and the like), chronic Salicylate 
intoxication, and the like. See, e.g., the Merck Manual, 
12th-17th Editions, Merck & Company, Rahway, N.J. 
(1972, 1977, 1982, 1987, 1992, 1999), Pharmacotherapy 
Handbook, Wells et al., eds., Second Edition, Appleton and 
Lange, Stamford, Conn. (1998, 2000), each entirely incor 
porated by reference. 
The present invention also provides a method for modul 

lating or treating at least one cardiovascular disease in a cell, 
tissue, organ, animal, or patient, including, but not limited 
to, at least one of cardiac Stun Syndrome, myocardial 
infarction, congestive heart failure, Stroke, ischemic Stroke, 
hemorrhage, arteriosclerosis, atherosclerosis, restenosis, 
diabetic atherosclerotic disease, hypertension, arterial 
hypertension, renovascular hypertension, Syncope, shock, 
Syphilis of the cardiovascular System, heart failure, cor 
pulmonale, primary pulmonary hypertension, cardiac 
arrhythmias, atrial ectopic beats, atrial flutter, atrial fibrilla 
tion (Sustained or paroxysmal), post perfusion Syndrome, 
cardiopulmonary bypass inflammation response, chaotic or 
multifocal atrial tachycardia, regular narrow QRS 
tachycardia, Specific arrythmias, Ventricular fibrillation, His 
bundle arrythmias, atrioventricular block, bundle branch 
block, myocardial ischemic disorders, coronary artery 
disease, angina pectoris, myocardial infarction, 
cardiomyopathy, dilated congestive cardiomyopathy, restric 
tive cardiomyopathy, valvular heart diseases, endocarditis, 
pericardial disease, cardiac tumors, aortic and peripheral 
aneurysms, nortic dissection, inflammation of the aorta, 
occlusion of the abdominal aorta and its branches, peripheral 
vascular disorders, occlusive arterial disorders, peripheral 
atherosclerotic disease, thromboangitis obliterans, func 
tional peripheral arterial disorders, Raynaud's phenomenon 
and disease, acrocyanosis, erythromelalgia, Venous diseases, 
venous thrombosis, varicose veins, arteriovenous fistula, 
lymphederma, lipedema, unstable angina, reperfusion 
injury, post pump Syndrome, ischemia-reperfusion injury, 
and the like. Such a method can optionally comprise admin 
istering an effective amount of a composition or pharma 
ceutical composition comprising at least one anti-IL-12 
antibody to a cell, tissue, organ, animal or patient in need of 
Such modulation, treatment or therapy. 
The present invention also provides a method for modul 

lating or treating at least one infectious disease in a cell, 
tissue, organ, animal or patient, including, but not limited to, 
at least one of: acute or chronic bacterial infection, acute and 
chronic parasitic or infectious processes, including bacterial, 
viral and fungal infections, HIV infection/HIV neuropathy, 
meningitis, hepatitis (A, B or C, or the like), Septic arthritis, 
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peritonitis, pneumonia, epiglottitis, e. coli O157:h7, 
hemolytic uremic syndrome/thrombolytic thrombocy 
topenic purpura, malaria, dengue hemorrhagic fever, 
leishmaniasis, leprosy, toxic shock Syndrome, Streptococcal 
myositis, gas gangrene, mycobacterium tuberculosis, myco 
bacterium avium intracellulare, pneumocystis carinii 
pneumonia, pelvic inflammatory disease, orchitis/ 
epidydimitis, legionella, lyme disease, influenza a, epStein 
barr virus, Vital-associated hemaphagocytic Syndrome, Vital 
encephalitis/aseptic meningitis, and the like; 

The present invention also provides a method for modu 
lating or treating at least one malignant disease in a cell, 
tissue, organ, animal or patient, including, but not limited to, 
at least one of leukemia, acute leukemia, acute lympho 
blastic leukemia (ALL), B-cell, T-cell or FAB ALL, acute 
myeloid leukemia (AML), chronic myelocytic leukemia 
(CML), chronic lymphocytic leukemia (CLL), hairy cell 
leukemia, myelodyplastic Syndrome (MDS), a lymphoma, 
Hodgkin's disease, a malignant lymphoma, non-hodgkin’s 
lymphoma, Burkitt's lymphoma, multiple myeloma, Kapo 
SiS Sarcoma, colorectal carcinoma, pancreatic carcinoma, 
nasopharyngeal carcinoma, malignant histiocytosis, para 
neoplastic Syndrome/hypercalcemia of malignancy, Solid 
tumors, adenocarcinomas, Sarcomas, malignant melanoma, 
hemangioma, metastatic disease, cancer related bone 
resorption, cancer related bone pain, and the like. 

The present invention also provides a method for modu 
lating or treating at least one neurologic disease in a cell, 
tissue, organ, animal or patient, including, but not limited to, 
at least one of neurodegenerative diseases, multiple 
Sclerosis, migraine headache, AIDS dementia complex, 
demyelinating diseases, Such as multiple Sclerosis and acute 
transverse mycitis, extrapyramidal and cerebellar disorders, 
Such as lesions of the corticoSpinal System; disorders of the 
basal ganglia or cerebellar disorders, hyperkinetic move 
ment disorders, Such as Huntington's Chorea and Senile 
chorea; drug-induced movement disorders, Such as those 
induced by drugs which block CNS dopamine receptors; 
hypokinetic movement disorders, Such as Parkinson's dis 
ease, Progressive Supranucleo Palsy, Structural lesions of the 
cerebellum, Spinocerebellar degenerations, Such as Spinal 
ataxia, Friedreich's ataxia, cerebellar cortical degenerations, 
multiple systems degenerations (Mencel, Dejerine-Thomas, 
Shi-Drager, and Machado-Joseph); Systemic disorders 
(RefSum's disease, abetalipoprotemia, ataxia, telangiectasia, 
and mitochondirial multi-System disorder); demyelinating 
core disorders, Such as multiple Sclerosis, acute transverse 
myelitis, and disorders of the motor unit, Such as neurogenic 
muscular atrophies (anterior horn cell degeneration, Such as 
amyotrophic lateral Sclerosis, infantile Spinal muscular atro 
phy and juvenile spinal muscular atrophy); Alzheimer's 
disease; Down's Syndrome in middle age; Diffuse Lewy 
body disease; Senile Dementia of Lewy body type; 
Wernicke-Korsakoff syndrome; chronic alcoholism; 
Creutzfeldt-Jakob disease; Subacute Sclerosing 
panencephalitis, Hallerrorden-Spatz disease; and Dementia 
pugilistica, and the like. Such a method can optionally 
comprise administering an effective amount of a composi 
tion or pharmaceutical composition comprising at least one 
TNF antibody or specified portion or variant to a cell, tissue, 
organ, animal or patient in need of Such modulation, treat 
ment or therapy. See, e.g., the Merck Manual, 16" Edition, 
Merck & Company, Rahway, N.J. (1992). 
Any method of the present invention can comprise admin 

istering an effective amount of a composition or pharma 
ceutical composition comprising at least one anti-IL-12 
antibody to a cell, tissue, organ, animal or patient in need of 
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Such modulation, treatment or therapy. Such a method can 
optionally further comprise co-administration or combina 
tion therapy for treating Such immune diseases, wherein the 
administering of Said at least one anti-IL-12 antibody, Speci 
fied portion or variant thereof, further comprises 
administering, before concurrently, and/or after, at least one 
Selected from at least one TNF antagonist (e.g., but not 
limited to a TNF antibody or fragment, a soluble TNF 
receptor or fragment, fusion proteins thereof, or a Small 
molecule TNF antagonist), an antirheumatic (e.g., 
methotrexate, auranofin, aurothioglucose, azathioprine, 
etanercept, gold Sodium thiomalate, hydroxychloroquine 
Sulfate, leflunomide, SulfaSalzine), a muscle relaxant, a 
narcotic, a non-Steroid anti-inflammatory drug (NSAID), an 
analgesic, an anesthetic, a Sedative, a local anesthetic, a 
neuromuscular blocker, an antimicrobial (e.g., 
aminoglycoside, an antifungal, an antiparasitic, an antiviral, 
a carbapenem, cephalosporin, a flurorquinolone, a 
macrollide, a penicillin, a Sulfonamide, a tetracycline, 
another antimicrobial), an antipsoriatic, a corticosteriod, an 
anabolic Steroid, a diabetes related agent, a mineral, a 
nutritional, a thyroid agent, a Vitamin, a calcium related 
hormone, an antidiarrheal, an antituSSive, an antiemetic, an 
antiulcer, a laxative, an anticoagulant, an crythropoietin 
(e.g., epoetin alpha), a filgrastim (e.g., G-CSF, Neupogen), 
a SargramoStim (GM-CSF, Leukine), an immunization, an 
immunoglobulin, an immunosuppressive (e.g., basiliximab, 
cyclosporine, daclizumab), a growth hormone, a hormone 
replacement drug, an estrogen receptor modulator, a 
my driatic, a cycloplegic, an alkylating agent, an 
antimetabolite, a mitotic inhibitor, a radiopharmaceutical, an 
antidepressant, antimanic agent, an antipsychotic, an 
anxiolytic, a hypnotic, a Sympathomimetic, a Stimulant, 
donepezil, tacrine, an asthma medication, a beta agonist, an 
inhaled Steroid, a leukotriene inhibitor, a methylxanthine, a 
cromolyn, an epinephrine or analog, domase alpha 
(Pulmozyme), a cytokine or a cytokine antagonist. Suitable 
dosages are well known in the art. See, e.g., Wells et al., eds., 
Pharmacotherapy Handbook, 2" Edition, Appleton and 
Lange, Stamford, Conn. (2000); PDR Pharmacopoeia, 
Tarascon Pocket Pharmacopoeia 2000, Deluxe Edition, 
Tarascon Publishing, Loma Linda, Calif. (2000), each of 
which references are entirely incorporated herein by refer 
CCC. 

TNF antagonists Suitable for compositions, combination 
therapy, co-administration, devices and/or methods of the 
present invention (further comprising at least one antibody, 
Specified portion and variant thereof, of the present 
invention), include, but are not limited to, anti-TNF 
antibodies, antigen-binding fragments thereof, and receptor 
molecules which bind specifically to TNF; compounds 
which prevent and/or inhibit TNF synthesis, TNF release or 
its action on target cells, Such as thalidomide, tenidap, 
phosphodiesterase inhibitors (e.g., pentoxifylline and 
rolipram), A2b adenosine receptor agonists and A2b adenos 
ine receptor enhancers, compounds which prevent and/or 
inhibit TNF receptor Signalling, Such as mitogen activated 
protein (MAP) kinase inhibitors; compounds which block 
and/or inhibit membrane TNF cleavage, such as metallo 
proteinase inhibitors; compounds which block and/or inhibit 
TNF activity, Such as angiotensin converting enzyme (ACE) 
inhibitors (e.g., captopril); and compounds which block 
and/or inhibit TNF production and/or synthesis, such as 
MAP kinase inhibitors. 
As used herein, a “tumor necrosis factor antibody,” “TNF 

antibody,” “TNFC. antibody,” or fragment and the like 
decreases, blocks, inhibits, abrogates or interferes with 
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TNFO activity in vitro, in situ and/or preferably in vivo. For 
example, a suitable TNF human antibody of the present 
invention can bind TNFC. and includes anti-TNF antibodies, 
antigen-binding fragments thereof, and specified mutants or 
domains thereof that bind specifically to TNFO. A suitable 
TNF antibody or fragment can also decrease block, 
abrogate, interfere, prevent and/or inhibit TNF RNA, DNA 
or protein synthesis, TNF release, TNF receptor signaling, 
membrane TNF cleavage, TNF activity, TNF production 
and/or Synthesis. 

Chimeric antibody cA2 consists of the antigen binding 
variable region of the high-affinity neutralizing mouse anti 
human TNFC. IgG1 antibody, designated A2, and the con 
stant regions of a human IgG1, kappa immunoglobulin. The 
human IgG1 Fc region improves allogeneic antibody effec 
tor function, increases the circulating Serum half-life and 
decreases the immunogenicity of the antibody. The avidity 
and epitope specificity of the chimeric antibody cA2 is 
derived from the variable region of the murine antibody A2. 
In a particular embodiment, a preferred Source for nucleic 
acids encoding the variable region of the murine antibody 
A2 is the A2 hybridoma cell line. 

Chimeric A2 (cA2) neutralizes the cytotoxic effect of both 
natural and recombinant human TNFC. in a dose dependent 
manner. From binding assays of chimeric antibody cA2 and 
recombinant human TNFC, the affinity constant of chimeric 
antibody cA2 was calculated to be 1.04x10'M'. Preferred 
methods for determining monoclonal antibody Specificity 
and affinity by competitive inhibition can be found in 
Harlow, et al., antibodies. A Laboratory Manual, Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 
1988; Colligan et al., eds., Current Protocols in 
Immunology, Greene Publishing Assoc. and Wiley 
Interscience, New York, (1992–2000); Kozbor et al., Immu 
nol. Today, 4:72-79 (1983); Ausubel et al., eds. Current 
Protocols in Molecular Biology, Wiley Interscience, New 
York (1987–2000); and Muller, Meth. Enzymol.,92:589-601 
(1983), which references are entirely incorporated herein by 
reference. 

In a particular embodiment, murine monoclonal antibody 
A2 is produced by a cell line designated c134A. Chimeric 
antibody cA2 is produced by a cell line designated c168A. 

Additional examples of monoclonal anti-TNF antibodies 
that can be used in the present invention are described in the 
art (see, e.g., U.S. Pat. No. 5.231,024; Möller, A. et al., 
Cytokine 2(3):162–169 (1990); U.S. application Ser. No. 
07/943,852 (filed Sep. 11, 1992); Rathjen et al., International 
Publication No. WO 91/02078 (published Feb. 21, 1991); 
Rubin et al., EPO Patent Publication No. 0 218 868 
(published Apr. 22, 1987); Yone et al., EPO Patent Publi 
cation No. 0288088 (Oct. 26, 1988); Liang, et al., Biochem. 
Biophys. Res. Comm. 137:847-854 (1986); Meager, et al., 
Hybridoma 6:305-311 (1987); Fendly et al., Hybridoma 
6:359-369 (1987); Bringman, et al., Hybridoma 6:489-507 
(1987); and Hirai, et al., J. Immunol. Meth.96:57-62 (1987), 
which references are entirely incorporated herein by 
reference). 
TNF Receptor Molecules 

Preferred TNF receptor molecules useful in the present 
invention are those that bind TNFC. with high affinity (see, 
e.g., Feldmann et al., International Publication No. WO 
92/07076 (published Apr. 30, 1992); Schall el al., Cell 
61:361-370 (1990); and Loetscher et al., Cell 61:351–359 
(1990), which references are entirely incorporated herein by 
reference) and optionally possess low immunogenicity. In 
particular, the 55 kDa (p55 TNF-R) and the 75 kDa (p75 
TNF-R) TNF cell surface receptors are useful in the present 
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invention. Truncated forms of these receptors, comprising 
the extracellular domains (ECD) of the receptors or func 
tional portions thereof (see, e.g., Corcoran et al., Eur: J. 
Biochem. 223:831-844) (1994)), are also useful in the 
present invention. Truncated forms of the TNF receptors, 
comprising the ECD, have been detected in urine and Serum 
as 30 kDa and 40 kDa TNFC. inhibitory binding proteins 
(Engelmann, H. et al., J. Biol. Chem. 265:1531–1536 
(1990)). TNF receptor multimeric molecules and TNF 
immunoreceptor fusion molecules, and derivatives and frag 
ments or portions thereof, are additional examples of TNF 
receptor molecules which are useful in the methods and 
compositions of the present invention. The TNF receptor 
molecules which can be used in the invention are charac 
terized by their ability to treat patients for extended periods 
with good to excellent alleviation of Symptoms and low 
toxicity. Low immunogenicity and/or high affinity, as well as 
other undefined properties, can contribute to the therapeutic 
results achieved. 
TNF receptor multimeric molecules useful in the present 

invention comprise all or a functional portion of the ECD of 
two or more TNF receptors linked via one or more polypep 
tide linkers or other nonpeptide linkers, Such as polyethylene 
glycol (PEG). The multimeric molecules can further com 
prise a signal peptide of a Secreted protein to direct expres 
sion of the multimeric molecule. These multimeric mol 
ecules and methods for their production have been described 
in U.S. application Ser. No. 08/437,533 (filed May 9, 1995), 
the content of which is entirely incorporated herein by 
reference. 
TNF immunoreceptor fusion molecules useful in the 

methods and compositions of the present invention comprise 
at least one portion of one or more immunoglobulin mol 
ecules and all or a functional portion of one or more TNF 
receptors. These immunoreceptor fusion molecules can be 
assembled as monomers, or hetero- or homo-multimers. The 
immunoreceptor fusion molecules can also be monovalent 
or multivalent. An example of such a TNF immunoreceptor 
fusion molecule is TNF receptor/IgG fusion protein. TNF 
immunoreceptor fusion molecules and methods for their 
production have been described in the art (Lesslauer et al., 
Eur: J. Immunol. 21:2883-2886 (1991); Ashkenazi et al., 
Proc. Natl. Acad. Sci. USA 88:10535-10539 (1991); Peppel 
et al., J. Exp. Med. 174: 1483–1489 (1991); Kolls et al., Proc. 
Natl. Acad. Sci. USA 91:215-219 (1994); Butler et al., 
Cytokine 6(6):616–623 (1994); Baker et al., Eur: J. Immu 
nol. 24:2040-2048 (1994); Beutler et al., U.S. Pat. No. 
5,447.851; and U.S. application Ser. No. 08/442,133 (filed 
May 16, 1995), each of which references are entirely incor 
porated herein by reference). Methods for producing immu 
noreceptor fusion molecules can also be found in Capon et 
al., U.S. Pat. No. 5,116,964; Capon et al., U.S. Pat. No. 
5,225,538; and Capon et al., Nature 337:525-531 (1989), 
which references are entirely incorporated herein by refer 
CCC. 

A functional equivalent, derivative, fragment or region of 
TNF receptor molecule refers to the portion of the TNF 
receptor molecule, or the portion of the TNF receptor 
molecule sequence which encodes TNF receptor molecule, 
that is of sufficient size and Sequences to functionally 
resemble TNF receptor molecules that can be used in the 
present invention (e.g., bind TNFC. with high affinity and 
possess low immunogenicity). A functional equivalent of 
TNF receptor molecule also includes modified TNF receptor 
molecules that functionally resemble TNF receptor mol 
ecules that can be used in the present invention (e.g., bind 
TNFC. with high affinity and possess low immunogenicity). 
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For example, a functional equivalent of TNF receptor mol 
ecule can contain a "SILENT' codon or one or more amino 
acid Substitutions, deletions or additions (e.g., Substitution 
of one acidic amino acid for another acidic amino acid; or 
Substitution of one codon encoding the same or different 
hydrophobic amino acid for another codon encoding a 
hydrophobic amino acid). See Ausubel et al., Current Pro 
tocols in Molecular Biology, Greene Publishing Assoc. and 
Wiley-Interscience, New York (1987–2000). 

Cytokines include any known cytokine. See, e.g., WWW. 
Cope with Cytokines.com. Cytokine antagonists include, but 
are not limited to, any antibody, fragment or mimetic, any 
Soluble receptor, fragment or mimetic, any Small molecule 
antagonist, or any combination thereof. 

Therapeutic Treatments. 
Any method of the present invention can comprise a 

method for treating an IL-12 mediated disorder, comprising 
administering an effective amount of a composition or 
pharmaceutical composition comprising at least one anti 
IL-12 antibody to a cell, tissue, organ, animal or patient in 
need of Such modulation, treatment or therapy. Such a 
method can optionally further comprise co-administration or 
combination therapy for treating Such immune diseases, 
wherein the administering of Said at least one anti-IL-12 
antibody, Specified portion or variant thereof, further com 
prises administering, before concurrently, and/or after, at 
least one selected from at least one TNF antagonist (e.g., but 
not limited to a TNF antibody or fragment, a soluble TNF 
receptor or fragment, fusion proteins thereof, or a Small 
molecule TNF antagonist), an antirheumatic (e.g., 
methotrexate, auranofin, aurothioglucose, azathioprine, 
etanercept, gold sodium thiomalate, hydroxychloroquine 
Sulfate, leflunomide, SulfaSalzine), a muscle relaxant, a 
narcotic, a non-Steroid anti-inflammatory drug (NSAID), an 
analgesic, an anesthetic, a Sedative, a local anesthetic, a 
neuromuscular blocker, an antimicrobial (e.g., 
aminoglycoside, an antifungal, an antiparasitic, an antiviral, 
a carbapenem, cephalosporin, a fluoroquinolone, a 
macrollide, a penicillin, a Sulfonamide, a tetracycline, 
another antimicrobial), an antipsoriatic, a corticosteriod, an 
anabolic Steroid, a diabetes related agent, a mineral, a 
nutritional, a thyroid agent, a Vitamin, a calcium related 
hormone, an antidiarrheal, an antituSSive, an antiemetic, an 
antiulcer, a laxative, an anticoagulant, an erythropoieitin 
(e.g., epoetin alpha), a filgrastim (e.g., G-CSF, Neupogen), 
a SargramoStim (GM-CSF, Leukine), an immunization, an 
immunoglobulin, an immunosuppressive (e.g., basiliximab, 
cyclosporine, daclizumab), a growth hormone, a hormone 
replacement drug, an estrogen receptor modulator, a 
my driatic, a cycloplegic, an alkylating agent, an 
antimetabolite, a mitotic inhibitor, a radiopharmaceutical, an 
antidepressant, antimanic agent, an antipsychotic, an 
anxiolytic, a hypnotic, a Sympathomimetic, a Stimulant, 
donepezil, tacrine, an asthma medication, a beta agonist, an 
inhaled Steroid, a leukotriene inhibitor, a methylxanthine, a 
cromolyn, an epinephrine or analog, dornase alpha 
(Pulmozyme), a cytokine or a cytokine antagonist. 

Typically, treatment of pathologic conditions is effected 
by administering an effective amount or dosage of at least 
one anti-IL-12 antibody composition that total, on average, 
a range from at least about 0.01 to 500 milligrams of at least 
one anti-IL-12 antibody per kilogram of patient per dose, 
and preferably from at least about 0.1 to 100 milligrams 
antibody/kilogram of patient per Single or multiple 
administration, depending upon the Specific activity of con 
tained in the composition. Alternatively, the effective Serum 
concentration can comprise 0.1-5000 ug/ml Serum concen 
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tration per Single or multiple administration. Suitable dos 
ages are known to medical practitioners and will, of course, 
depend upon the particular disease State, Specific activity of 
the composition being administered, and the particular 
patient undergoing treatment. In Some instances, to achieve 
the desired therapeutic amount, it can be necessary to 
provide for repeated administration, i.e., repeated individual 
administrations of a particular monitored or metered dose, 
where the individual administrations are repeated until the 
desired daily dose or effect is achieved. 

Preferred doses can optionally include 0.1, 0.2,0.3, 0.4, 
0.5,0.6,0.7, 0.8, 0.9, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 
30, 31, 32,33, 34, 35,36, 37,38, 39, 40, 41, 42, 43, 44, 45, 
46, 47, 48, 49, 50, 51, 52,53,54, 55,56, 57,58, 59, 60, 62, 
63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74, 75, 76, 77, 78, 
79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89,90,91, 92,93, 94, 
95, 96, 97,98, 99 and/or 100–500 mg/kg/administration, or 
any range, value or fraction thereof, or to achieve a Serum 
concentration of 0.1, 0.5,0.9, 1.0, 1.1, 1.2, 1.5, 1.9, 2.0, 2.5, 
2.9, 3.0, 3.5, 3.9, 4.0, 4.5, 4.9, 5.0, 5.5, 5.9, 6.0, 6.5, 6.9, 7.0, 
7.5, 7.9, 8.0, 8.5, 8.9, 9.0, 9.5, 9.9, 10, 10.5, 10.9, 11, 11.5, 
11.9, 20, 12.5, 12.9, 13.0, 13.5, 13.9, 14.0, 14.5, 4.9, 5.0, 
5.5., 5.9, 6.0, 6.5, 6.9, 7.0, 7.5, 7.9, 8.0, 8.5, 8.9, 9.0, 9.5, 9.9, 
10, 10.5, 10.9, 11, 11.5, 11.9, 12, 12.5, 12.9, 13.0, 13.5, 13.9, 
14, 14.5, 15, 15.5, 15.9, 16, 16.5, 16.9, 17, 17.5, 17.9, 18, 
18.5, 18.9, 19, 19.5, 19.9, 20, 20.5, 20.9, 21, 22, 23, 24, 25, 
26, 27, 28, 29, 30, 35, 40, 45, 50, 55, 60, 65,70, 75, 80, 85, 
90, 96, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 
1500, 2000, 2500, 3000, 3500, 4000, 4500, and/or 5000 
tug/ml Serum concentration per Single or multiple 
administration, or any range, value or fraction thereof. 

Alternatively, the dosage administered can vary depend 
ing upon known factors, Such as the pharmacodynamic 
characteristics of the particular agent, and its mode and route 
of administration, age, health, and weight of the recipient; 
nature and extent of Symptoms, kind of concurrent 
treatment, frequency of treatment, and the effect desired. 
Usually a dosage of active ingredient can be about 0.1 to 100 
milligrams per kilogram of body weight. Ordinarily 0.1 to 
50, and preferably 0.1 to 10 milligrams per kilogram per 
administration or in Sustained release form is effective to 
obtain desired results. 
AS a non-limiting example, treatment of humans or ani 

mals can be provided as a one-time or periodic dosage of at 
least one antibody of the present invention 0.1 to 100 mg/kg, 
Such as 0.5,0.9, 1.0, 1.1, 1.5, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 
29, 30, 40, 45, 50, 60, 70, 80, 90 or 100 mg/kg, per day, on 
at least one of day 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 
31, 32, 33, 34, 35, 36, 37, 38, 39, or 40, or alternatively or 
additionally, at least one of week 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 
27, 28, 29, 30, 31, 32,33, 34,35, 36, 37,38, 39, 40, 41, 42, 
43, 44, 45, 46, 47, 48, 49, 50, 51, or 52, or alternatively or 
additionally, at least one of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 
13, 14, 15, 16, 17, 18, 19, or 20 years, or any combination 
thereof, using Single, infusion or repeated doses. 

Dosage forms (composition) Suitable for internal admin 
istration generally contain from about 0.1 milligram to about 
500 milligrams of active ingredient per unit or container. In 
these pharmaceutical compositions the active ingredient will 
ordinarily be present in an amount of about 0.5-99.999% by 
weight based on the total weight of the composition. 

For parenteral administration, the antibody can be formu 
lated as a Solution, Suspension, emulsion or lyophilized 
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powder in association, or Separately provided, with a phar 
maceutically acceptable parenteral vehicle. Examples of 
Such vehicles are water, Saline, Ringer's Solution, dextrose 
Solution, and 1-10% human Serum albumin. Liposomes and 
nonaqueous vehicles Such as fixed oils can also be used. The 
vehicle or lyophilized powder can contain additives that 
maintain isotonicity (e.g., Sodium chloride, mannitol) and 
chemical stability (e.g., buffers and preservatives). The 
formulation is Sterilized by known or Suitable techniques. 

Suitable pharmaceutical carriers are described in the most 
recent edition of Remington's Pharmaceutical Sciences, A. 
OSol, a standard reference text in this field. 
Alternative Administration 
Many known and developed modes can be used according 

to the present invention for administering pharmaceutically 
effective amounts of at least one anti-IL-12 antibody accord 
ing to the present invention. While pulmonary administra 
tion is used in the following description, other modes of 
administration can be used according to the present inven 
tion with Suitable results. 

IL-12 antibodies of the present invention can be delivered 
in a carrier, as a Solution, emulsion, colloid, or Suspension, 
or as a dry powder, using any of a variety of devices and 
methods suitable for administration by inhalation or other 
modes described here within or known in the art. 
Parenteral Formulations and Administration 

Formulations for parenteral administration can contain as 
common excipients Sterile water or Saline, polyalkylene 
glycols Such as polyethylene glycol, oils of vegetable origin, 
hydrogenated naphthalenes and the like. Aqueous or oily 
Suspensions for injection can be prepared by using an 
appropriate emulsifier or humidifier and a Suspending agent, 
according to known methods. Agents for injection can be a 
non-toxic, non-orally administrable diluting agent, Such as 
an aqueous Solution or a sterile injectable Solution or SuS 
pension in a Solvent. AS the uSable vehicle or Solvent, water, 
Ringer's Solution, isotonic Saline, etc. are allowed; as an 
ordinary Solvent, or Suspending Solvent, Sterile involatile oil 
can be used. For these purposes, any kind of involatile oil 
and fatty acid can be used, including natural or Synthetic or 
Semisynthetic fatty oils or fatty acids, natural or Synthetic or 
Semisynthetic mono- or di- or tri-glycerides. Parental admin 
istration is known in the art and includes, but is not limited 
to, conventional means of injections, a gas pressured needle 
less injection device as described in U.S. Pat. No. 5,851,198, 
and a laser perforator device as described in U.S. Pat. No. 
5,839,446 entirely incorporated herein by reference. 
Alternative Delivery 

The invention further relates to the administration of at 
least one anti-IL-12 antibody by parenteral, Subcutaneous, 
intramuscular, intravenous, intrarticular, intrabronchial, 
intraabdominal, intracapsular, intracartilaginous, 
intra cavitary, intracelial, in trace rebellar, 
intracerebroVentricular, intracolic, intracervical, intragastric, 
intrahepatic, intramyocardial, intraosteal, intrapelvic, 
intrapericardiac, intraperitoneal, intrapleural, intraprostatic, 
intrapulmonary, intrarectal, intrarenal, intraretinal, 
intraspinal, intrasynovial, intrathoracic, intrauterine, 
intravesical, bolus, vaginal, rectal, buccal, Sublingual, 
intranasal, or transdermal means. At least one anti-IL-12 
antibody composition can be prepared for use for parenteral 
(Subcutaneous, intramuscular or intravenous) or any other 
administration particularly in the form of liquid Solutions or 
Suspensions, for use in vaginal or rectal administration 
particularly in Semisolid forms Such as, but not limited to, 
creams and Suppositories; for buccal, or Sublingual admin 
istration Such as, but not limited to, in the form of tablets or 
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capsules, or intranasally Such as, but not limited to, the form 
of powders, nasal drops or aerosols or certain agents, or 
transdermally Such as not limited to a gel, ointment, lotion, 
Suspension or patch delivery System with chemical enhanc 
ers such as dimethyl sulfoxide to either modify the skin 
Structure or to increase the drug concentration in the trans 
dermal patch (Junginger, et al. In "Drug Permeation 
Enhancement'; Hsieh, D. S., Eds., pp. 59-90 (Marcel 
Dekker, Inc. New York 1994, entirely incorporated herein by 
reference), or with oxidizing agents that enable the appli 
cation of formulations containing proteins and peptides onto 
the skin (WO 98/53847), or applications of electric fields to 
create transient transport pathways Such as electroporation, 
or to increase the mobility of charged drugs through the skin 
Such as iontophoresis, or application of ultrasound Such as 
sonophoresis (U.S. Pat. Nos. 4,309,989 and 4,767,402) (the 
above publications and patents being entirely incorporated 
herein by reference). 
Pulmonary/Nasal Administration 

For pulmonary administration, preferably at least one 
anti-IL-12 antibody composition is delivered in a particle 
Size effective for reaching the lower airways of the lung or 
Sinuses. According to the invention, at least one anti-IL-12 
antibody can be delivered by any of a variety of inhalation 
or nasal devices known in the art for administration of a 
therapeutic agent by inhalation. These devices capable of 
depositing aeroSolized formulations in the Sinus cavity or 
alveoli of a patient include metered dose inhalers, 
nebulizers, dry powder generators, Sprayers, and the like. 
Other devices Suitable for directing the pulmonary or nasal 
administration of antibodies are also known in the art. All 
such devices can use of formulations suitable for the admin 
istration for the dispensing of antibody in an aeroSol. Such 
aerosols can be comprised of either Solutions (both aqueous 
and non aqueous) or Solid particles. Metered dose inhalers 
like the Ventolin(R) metered dose inhaler, typically use a 
propellent gas and require actuation during inspiration (See, 
e.g., WO 94/16970, WO 98/35888). Dry powder inhalers 
like TurbuhalerTM (Astra), Rotahaler(R) (Glaxo), Diskus(R) 
(Glaxo), SpirosTM inhaler (Dura), devices marketed by 
Inhale Therapeutics, and the Spinhaler(R) powder inhaler 
(Fisons), use breath-actuation of a mixed powder (U.S. Pat. 
No. 4,668,218 Astra, EP 237507 Astra, WO 97/25086 
Glaxo, WO 94/08552. Dura, U.S. Pat. No. 5,458,135 Inhale, 
WO 94/06498 Fisons, entirely incorporated herein by 
reference). Nebulizers like AERxTM Aradigm, the Utravent(R) 
nebulizer (Mallinckrodt), and the Acorn IICR) nebulizer 
(Marquest Medical Products) (U.S. Pat. No. 5,404,871 
Aradigm, WO 97/22376), the above references entirely 
incorporated herein by reference, produce aerosols from 
Solutions, while metered dose inhalers, dry powder inhalers, 
etc. generate Small particle aerosols. These Specific 
examples of commercially available inhalation devices are 
intended to be a representative of Specific devices Suitable 
for the practice of this invention, and are not intended as 
limiting the Scope of the invention. Preferably, a composi 
tion comprising at least one anti-IL-12 antibody is delivered 
by a dry powder inhaler or a sprayer. There are Several 
desirable features of an inhalation device for administering 
at least one antibody of the present invention. For example, 
delivery by the inhalation device is advantageously reliable, 
reproducible, and accurate. The inhalation device can 
optionally deliver Small dry particles, e.g. less than about 10 
tim, preferably about 1-5 um, for good respirability. 
Administration of IL-12 antibody Compositions as a Spray 
Aspray including IL-12 antibody composition protein can 

be produced by forcing a Suspension or Solution of at least 
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one anti-IL-12 antibody through a nozzle under pressure. 
The nozzle size and configuration, the applied preSSure, and 
the liquid feed rate can be chosen to achieve the desired 
output and particle size. An electrospray can be produced, 
for example, by an electric field in connection with a 
capillary or nozzle feed. Advantageously, particles of at least 
one anti-IL-12 antibody composition protein delivered by a 
Sprayer have a particle size less than about 10 um, preferably 
in the range of about 1 um to about 5 tim, and most 
preferably about 2 um to about 3 lum. 

Formulations of at least one anti-IL-12 antibody compo 
Sition protein Suitable for use with a sprayer typically 
include antibody composition protein in an aqueous Solution 
at a concentration of about 0.1 mg to about 100 mg of at least 
one anti-IL-12 antibody composition protein per ml of 
Solution or mg/gm, or any range or Value therein, e.g., but 
not limited to, 0.1, 0.2,0.3, 0.4,0.5,0.6,0.7, 0.8, 0.9, 1, 2, 
3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 
21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 40, 45, 50, 60, 70, 80, 
90 or 100 mg/ml or mg/gm. The formulation can include 
agents Such as an excipient, a buffer, an isotonicity agent, a 
preservative, a Surfactant, and, preferably, Zinc. The formu 
lation can also include an excipient or agent for Stabilization 
of the antibody composition protein, Such as a buffer, a 
reducing agent, a bulk protein, or a carbohydrate. Bulk 
proteins useful in formulating antibody composition pro 
teins include albumin, protamine, or the like. Typical car 
bohydrates useful in formulating antibody composition pro 
teins include Sucrose, mannitol, lactose, trehalose, glucose, 
or the like. The antibody composition protein formulation 
can also include a Surfactant, which can reduce or prevent 
surface-induced aggregation of the antibody composition 
protein caused by atomization of the Solution in forming an 
aeroSol. Various conventional Surfactants can be employed, 
Such as polyoxyethylene fatty acid esters and alcohols, and 
polyoxyethylene Sorbitol fatty acid esters. Amounts will 
generally range between 0.001 and 14% by weight of the 
formulation. Especially preferred Surfactants for purposes of 
this invention are polyoxyethylene Sorbitan monooleate, 
polysorbate 80, polysorbate 20, or the like. Additional 
agents known in the art for formulation of a protein Such as 
IL-12 antibodies, or Specified portions or variants, can also 
be included in the formulation. 
Administration of IL-12 Antibody Compositions by a Nebu 
lizer 

Antibody composition protein can be administered by a 
nebulizer, Such as jet nebulizer or an ultraSonic nebulizer. 
Typically, in a jet nebulizer, a compressed air Source is used 
to create a high-velocity air jet through an orifice. AS the gas 
expands beyond the nozzle, a low-pressure region is created, 
which draws a Solution of antibody composition protein 
through a capillary tube connected to a liquid reservoir. The 
liquid Stream from the capillary tube is sheared into unstable 
filaments and droplets as it exits the tube, creating the 
aeroSol. A range of configurations, flow rates, and baffle 
types can be employed to achieve the desired performance 
characteristics from a given jet nebulizer. In an ultrasonic 
nebulizer, high-frequency electrical energy is used to create 
Vibrational, mechanical energy, typically employing a piezo 
electric transducer. This energy is transmitted to the formu 
lation of antibody composition protein either directly or 
through a coupling fluid, creating an aeroSol including the 
antibody composition protein. Advantageously, particles of 
antibody composition protein delivered by a nebulizer have 
a particle size less than about 10um, preferably in the range 
of about 1 um to about 5um, and most preferably about 2 
tim to about 3 lim. 
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Formulations of at least one anti-IL-12 antibody suitable 

for use with a nebulizer, either jet or ultrasonic, typically 
include a concentration of about 0.1 mg to about 100 mg of 
at least one anti-IL-12 antibody protein per ml of Solution. 
The formulation can include agents Such as an excipient, a 
buffer, an isotonicity agent, a preservative, a Surfactant, and, 
preferably, Zinc. The formulation can also include an excipi 
ent or agent for Stabilization of the at least one anti-IL-12 
antibody composition protein, Such as a buffer, a reducing 
agent, a bulk protein, or a carbohydrate. Bulk proteins useful 
in formulating at least one anti-IL-12 antibody composition 
proteins include albumin, protamine, or the like. Typical 
carbohydrates useful in formulating at least one anti-IL-12 
antibody include Sucrose, mannitol, lactose, trehalose, 
glucose, or the like. The at least one anti-IL-12 antibody 
formulation can also include a Surfactant, which can reduce 
or prevent Surface-induced aggregation of the at least one 
anti-IL-12 antibody caused by atomization of the Solution in 
forming an aerosol. Various conventional Surfactants can be 
employed, Such as polyoxyethylene fatty acid esters and 
alcohols, and polyoxyethylene Sorbital fatty acid esters. 
Amounts will generally range between 0.001 and 4% by 
weight of the formulation. Especially preferred Surfactants 
for purposes of this invention are polyoxyethylene Sorbitan 
mono-oleate, polySorbate 80, polySorbate 20, or the like. 
Additional agents known in the art for formulation of a 
protein Such as antibody protein can also be included in the 
formulation. 
Administration of IL-12 Antibody Compositions by a 
Metered Dose Inhaler 

In a metered dose inhaler (MDI), a propellant, at least one 
anti-IL-12 antibody, and any excipients or other additives 
are contained in a canister as a mixture including a liquefied 
compressed gas. Actuation of the metering valve releases the 
mixture as an aerosol, preferably containing particles in the 
Size range of less than about 10 um, preferably about 1 um 
to about 5 um, and most preferably about 2 um to about 3 
tim. The desired aerosol particle size can be obtained by 
employing a formulation of antibody composition protein 
produced by various methods known to those of skill in the 
art, including jet-milling, spray drying, critical point 
condensation, or the like. Preferred metered dose inhalers 
include those manufactured by 3M or Glaxo and employing 
a hydrofluorocarbon propellant. 

Formulations of at least one anti-IL-12 antibody for use 
with a metered-dose inhaler device will generally include a 
finely divided powder containing at least one anti-IL-12 
antibody as a Suspension in a non-aqueous medium, for 
example, Suspended in a propellant with the aid of a Sur 
factant. The propellant can be any conventional material 
employed for this purpose, Such as chlorofluorocarbon, a 
hydrochlorofluorocarbon, a hydrofluorocarbon, or a 
hydrocarbon, including trichlorofluorome thane, 
dichlorodifluoromethane, dichlorotetrafluoroethanol and 
1,1,1,2-tetrafluoroethane, HFA-134a (hydrofluroalkane 
134a), HFA-227 (hydrofluroalkane-227), or the like. Pref 
erably the propellant is a hydrofluorocarbon. The surfactant 
can be chosen to Stabilize the at least one anti-IL-12 anti 
body as a Suspension in the propellant, to protect the active 
agent against chemical degradation, and the like. Suitable 
Surfactants include Sorbitan trioleate, Soya lecithin, oleic 
acid, or the like. In Some cases Solution aerosols are pre 
ferred using Solvents Such as ethanol. Additional agents 
known in the art for formulation of a protein Such as protein 
can also be included in the formulation. 
One of ordinary skill in the art will recognize that the 

methods of the current invention can be achieved by pull 
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monary administration of at least one anti-IL-12 antibody 
compositions via devices not described herein. 
Oral Formulations and Administration 

Formulations for oral rely on the co-administration of 
adjuvants (e.g., resorcinols and nonionic Surfactants Such as 
polyoxyethylene oleyl ether and n-hexadecylpolyethylene 
ether) to increase artificially the permeability of the intesti 
nal walls, as well as the co-administration of enzymatic 
inhibitors (e.g., pancreatic trypsin inhibitors, diisopropy 
lfluorophosphate (DFF) and trasylol) to inhibit enzymatic 
degradation. The active constituent compound of the Solid 
type dosage form for oral administration can be mixed with 
at least one additive, including Sucrose, lactose, cellulose, 
mannitol, trehalose, raffinose, maltitol, dextran, Starches, 
agar, arginates, chitins, chitosans, pectins, gum tragacanth, 
gum arabic, gelatin, collagen, casein, albumin, Synthetic or 
Semisynthetic polymer, and glyceride. These dosage forms 
can also contain other type(s) of additives, e.g., inactive 
diluting agent, lubricant Such as magnesium Stearate, 
paraben, preserving agent Such as Sorbic acid, ascorbic acid, 
..alpha.-tocopherol, antioxidant Such as cysteine, 
disintegrator, binder, thickener, buffering agent, Sweetening 
agent, flavoring agent, perfuming agent, etc. 

Tablets and pills can be further processed into enteric 
coated preparations. The liquid preparations for oral admin 
istration include emulsion, Syrup, elixir, Suspension and 
Solution preparations allowable for medical use. These 
preparations can contain inactive diluting agents ordinarily 
used in Said field, e.g., water. Liposomes have also been 
described as drug delivery Systems for insulin and heparin 
(U.S. Pat. No. 4,239.754). More recently, microspheres of 
artificial polymers of mixed amino acids (proteinoids) have 
been used to deliver pharmaceuticals (U.S. Pat. No. 4,925, 
673). Furthermore, carrier compounds described in U.S. Pat. 
No. 5,879,681 and U.S. Pat. No. 5,5,871,753 are used to 
deliver biologically active agents orally are known in the art. 
Mucosal Formulations and Administration 

For absorption through mucosal Surfaces, compositions 
and methods of administering at least one anti-IL-12 anti 
body include an emulsion comprising a plurality of Submi 
cron particles, a mucoadhesive macromolecule, a bioactive 
peptide, and an aqueous continuous phase, which promotes 
absorption through mucosal Surfaces by achieving mucoad 
hesion of the emulsion particles (U.S. Pat. Nos. 5,514,670). 
Mucous Surfaces Suitable for application of the emulsions of 
the present invention can include corneal, conjunctival, 
buccal, Sublingual, nasal, vaginal, pulmonary, Stomachic, 
intestinal, and rectal routes of administration. Formulations 
for vaginal or rectal administration, e.g. Suppositories, can 
contain as excipients, for example, polyalkyleneglycols, 
Vaseline, cocoa butter, and the like. Formulations for intra 
nasal administration can be Solid and contain as excipients, 
for example, lactose or can be acqueous or oily Solutions of 
nasal drops. For buccal administration excipients include 
Sugars, calcium Stearate, magnesium Stearate, pregelinatined 
starch, and the like (U.S. Pat. No. 5,849,695). 
Transdermal Formulations and Administration 

For transdermal administration, the at least one anti-IL-12 
antibody is encapsulated in a delivery device Such as a 
liposome or polymeric nanoparticles, microparticle, 
microcapsule, or microSpheres (referred to collectively as 
microparticles unless otherwise Stated). A number of Suit 
able devices are known, including microparticles made of 
Synthetic polymerS Such as polyhydroxy acids Such as 
polylactic acid, polyglycolic acid and copolymers thereof, 
polyorthoesters, polyanhydrides, and polyphosphaZenes, 
and natural polymerS Such as collagen, polyamino acids, 
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albumin and other proteins, alginate and other 
polysaccharides, and combinations thereof (U.S. Pat. No. 
5,814,599). 
Prolonged Administration and Formulations 

It can be sometimes desirable to deliver the compounds of 
the present invention to the Subject over prolonged periods 
of time, for example, for periods of one week to one year 
from a single administration. Various slow release, depot or 
implant dosage forms can be utilized. For example, a dosage 
form can contain a pharmaceutically acceptable non-toxic 
Salt of the compounds that has a low degree of Solubility in 
body fluids, for example, (a) an acid addition Salt with a 
polybasic acid Such as phosphoric acid, Sulfuric acid, citric 
acid, tartaric acid, tannic acid, pamoic acid, alginic acid, 
polyglutamic acid, naphthalene mono- or di-Sulfonic acids, 
polygalacturonic acid, and the like; (b) a Salt with a poly 
Valent metal cation Such as Zinc, calcium, bismuth, barium, 
magnesium, aluminum, copper, cobalt, nickel, cadmium and 
the like, or with an organic cation formed from e.g., N,N'- 
dibenzyl-ethylenediamine or ethylenediamine; or (c) com 
binations of (a) and (b) e.g. a zinc tannate salt. Additionally, 
the compounds of the present invention or, preferably, a 
relatively insoluble Salt Such as those just described, can be 
formulated in a gel, for example, an aluminum monoStearate 
gel with, e.g. Sesame oil, Suitable for injection. Particularly 
preferred Salts are Zinc Salts, Zinc tannate Salts, pamoate 
Salts, and the like. Another type of Slow release depot 
formulation for injection would contain the compound or 
Salt dispersed for encapsulated in a slow degrading, non 
toxic, non-antigenic polymer Such as a polylactic acid/ 
polyglycolic acid polymer for example as described in U.S. 
Pat. No. 3,773.919. The compounds or, preferably, relatively 
insoluble Salts. Such as those described above can also be 
formulated in cholesterol matrix Silastic pellets, particularly 
for use in animals. Additional Slow release, depot or implant 
formulations, e.g. gas or liquid liposomes are known in the 
literature (U.S. Pat. No. 5,770,222 and “Sustained and 
Controlled Release Drug Delivery Systems”, J. R. Robinson 
ed., Marcel Dekker, Inc., N.Y., 1978). 

Having generally described the invention, the same will 
be more readily understood by reference to the following 
examples, which are provided by way of illustration and are 
not intended as limiting. 

EXAMPLE 1. 

Cloning and Expression of IL-12 Antibody in 
Mammalian Cells 

A typical mammalian expression vector contains at least 
one promoter element, which mediates the initiation of 
transcription of mRNA, the antibody coding Sequence, and 
Signals required for the termination of transcription and 
polyadenylation of the transcript. Additional elements 
include enhancers, Kozak sequences and intervening 
Sequences flanked by donor and acceptor Sites for RNA 
Splicing. Highly efficient transcription can be achieved with 
the early and late promoters from SV40, the long terminal 
repeats (LTRS) from Retroviruses, e.g., RSV, HTLVI, HIVI 
and the early promoter of the cytomegalovirus (CMV). 
However, cellular elements can also be used (e.g., the human 
actin promoter). Suitable expression vectors for use in 
practicing the present invention include, for example, Vec 
tors such as pRES1 neo, pRetro-Off, pRetro-On, PLXSN, or 
pLNCX (Clonetech Labs, Palo Alto, Calif.), pcDNA3.1 
(+/-), pcDNA/Zeo (+/-) or pcDNA3.1/Hygro (+/-) 
(Invitrogen), PSVL and PMSG (Pharmacia, Uppsala, 
Sweden), pRSVcat (ATCC 37152), pSV2dhfr (ATCC 
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37146) and pBC12MI (ATCC 67109). Mammalian host 
cells that could be used include human Hela 293, H9 and 
Jurkat cells, mouse NIH 3T3 and C127 cells, CoS 1, Cos 7 
and CV 1, quail QC1-3 cells, mouse L cells and Chinese 
hamster ovary (CHO) cells. 

Alternatively, the gene can be expressed in Stable cell 
lines that contain the gene integrated into a chromosome. 
The co-transfection with a Selectable marker Such as dhfr, 
gpt, neomycin, or hygromycin allows the identification and 
isolation of the transfected cells. 

The transfected gene can also be amplified to express 
large amounts of the encoded antibody. The DHFR 
(dihydrofolate reductase) marker is useful to develop cell 
lines that carry Several hundred or even Several thousand 
copies of the gene of interest. Another useful Selection 
marker is the enzyme glutamine Synthase (GS) (Murphy, et 
al., Biochem. J. 227:277–279 (1991); Bebbington, et al., 
Bio/Technology 10:169-175 (1992)). Using these markers, 
the mammalian cells are grown in Selective medium and the 
cells with the highest resistance are Selected. These cell lines 
contain the amplified gene(s) integrated into a chromosome. 
Chinese hamster ovary (CHO) and NSO cells are often used 
for the production of antibodies. 

The expression vectors pC1 and pC4 contain the Strong 
promoter (LTR) of the Rous Sarcoma Virus (Cullen, et al., 
Molec. Cell. Biol. 5:438–447 (1985)) plus a fragment of the 
CMV-enhancer (Boshart, et al., Cell 41:521-530 (1985)). 
Multiple cloning sites, e.g., with the restriction enzyme 
cleavage sites BamHI, Xbal and Asp718, facilitate the 
cloning of the gene of interest. The vectors contain in 
addition the 3' intron, the polyadenylation and termination 
Signal of the rat preproinsulin gene. 
Cloning and Expression in CHO Cells 
The vector pC4 is used for the expression of IL-12 

antibody. Plasmid pC4 is a derivative of the plasmid pSV2 
dhfr (ATCC Accession No. 37146). The plasmid contains 
the mouse DHFR gene under control of the SV40 early 
promoter. Chinese hamster ovary- or other cells lacking 
dihydrofolate activity that are transfected with these plas 
mids can be Selected by growing the cells in a Selective 
medium (e.g., alpha minus MEM, Life Technologies, 
Gaithersburg, Md.) Supplemented with the chemotherapeu 
tic agent methotrexate. The amplification of the DHFR 
genes in cells resistant to methotrexate (MTX) has been well 
documented (see, e.g., F. W. Alt, et al., J. Biol. Chem. 
253:1357–1370 (1978); J. L. Hamlin and C. Ma, Biochem. 
et Biophys. Acta 1097: 107-143 (1990); and M. J. Page and 
M. A. Sydenham, Biotechnology 9:64–68 (1991)). Cells 
grown in increasing concentrations of MTX develop resis 
tance to the drug by Overproducing the target enzyme, 
DHFR, as a result of amplification of the DHFR gene. If a 
Second gene is linked to the DHFR gene, it is usually 
co-amplified and over-expressed. It is known in the art that 
this approach can be used to develop cell lines carrying more 
than 1,000 copies of the amplified gene(s). Subsequently, 
when the methotrexate is withdrawn, cell lines are obtained 
that contain the amplified gene integrated into one or more 
chromosome(s) of the host cell. 

Plasmid pC4 contains for expressing the gene of interest 
the Strong promoter of the long terminal repeat (LTR) of the 
Rous Sarcoma Virus (Cullen, et al., Molec. Cell. Biol. 
5:438-447 (1985)) plus a fragment isolated from the 
enhancer of the immediate early gene of human cytomega 
lovirus (CMV) (Boshart, et al., Cell 41:521-530 (1985)). 
Downstream of the promoter are BamHI, Xbal, and Asp718 
restriction enzyme cleavage Sites that allow integration of 
the genes. Behind these cloning sites the plasmid contains 
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the 3' intron and polyadenylation site of the rat preproinsulin 
gene. Other high efficiency promoters can also be used for 
the expression, e.g., the human b-actin promoter, the SV40 
early or late promoters or the long terminal repeats from 
other retroviruses, e.g., HIV and HTLVI. Clontech's Tet-Off 
and Tet-On gene expression Systems and Similar Systems can 
be used to express the IL-12 in a regulated way in mam 
malian cells (M. Gossen, and H. Bujard, Proc. Natl. Acad. 
Sci. USA89:5547-5551 (1992)). For the polyadenylation of 
the mRNA other Signals, e.g., from the human growth 
hormone or globin genes can be used as well. Stable cell 
lines carrying a gene of interest integrated into the chromo 
Somes can also be Selected upon co-transfection with a 
Selectable marker Such as gpt, G418 or hygromycin. It is 
advantageous to use more than one Selectable marker in the 
beginning, e.g., G418 plus methotrexate. 
The plasmid pC4 is digested with restriction enzymes and 

then dephosphorylated using calf intestinal phosphatase by 
procedures known in the art. The Vector is then isolated from 
a 1% agarose gel. 
The DNA sequence encoding the complete IL-12 anti 

body is used, e.g., as presented in SEQ ID NOS:1 and 2, 
corresponding to HC and LC variable regions of an IL-12 
antibody of the present invention, according to known 
method steps. Isolated nucleic acid encoding a Suitable 
human constant region (i.e., HC and LC regions) is also used 
in this construct (e.g., as provided in vector p1351). 
The isolated variable and constant region encoding DNA 

and the dephosphorylated vector are then ligated with T4 
DNA ligase. E. coli HB 101 or XL-1 Blue cells are then 
transformed and bacteria are identified that contain the 
fragment inserted into plasmid pC4 using, for instance, 
restriction enzyme analysis. 

Chinese hamster ovary (CHO) cells lacking an active 
DHFR gene are used for transfection. 5 lug of the expression 
plasmid pC4 is cotransfected with 0.5 lug of the plasmid 
pSV2-neo using lipofecrin. The plasmid pSV2neo contains 
a dominant Selectable marker, the neo gene from Tn5 
encoding an enzyme that conferS resistance to a group of 
antibiotics, including G418. The cells are Seeded in alpha 
minus MEM Supplemented with 1 tug/ml G418. After 2 days, 
the cells are trypsinized and Seeded in hybridoma cloning 
plates (Greiner, Germany) in alpha minus MEM Supple 
mented with 10, 25, or 50 ng/ml of methotrexate plus 1 
tug/ml G418. After about 10–14 days, Single clones are 
trypsinized and then seeded in 6-well petri dishes or 10 ml 
flasks using different concentrations of methotrex ate (50 
nM, 100 nM, 200 nM, 400 nM, 800 nM). Clones growing at 
the highest concentrations of methotrexate are then trans 
ferred to new 6-well plates containing even higher concen 
trations of methotrexate (1 mM, 2 mM, 5 mM, 10 mM, 20 
mM). The same procedure is repeated until clones are 
obtained that grow at a concentration of 100-200 mM. 
Expression of the desired gene product is analyzed, for 
instance, by SDS-PAGE and Western blot or by reverse 
phase HPLC analysis. 

EXAMPLE 2 

Generation of High Affinity Human IgG 
Monoclonal Antibodies Reactive with Human IL-12 

Using Transgenic Mice 

SUMMARY 

Transgenic mice have been used that contain human 
heavy and light chain immunoglobulin genes to generate 
high affinity, completely human, monoclonal antibodies that 

Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 362 of 557 PageID #: 9279



US 6,902,734 B2 
47 

can be used therapeutically to inhibit the action of IL-12 for 
the treatment of one or more IL-12-mediated disease. (CBA/ 
JxC57/BL6/J) F hybrid mice containing human variable 
and constant region antibody transgenes for both heavy and 
light chains are immunized with human recombinant IL-12 
(Taylor et al., Intl. Immunol. 6:579–591 (1993); Lonberg, et 
al., Nature 368:856-859 (1994); Neuberger, M., Nature 
Biotech. 14:826 (1996); Fishwild, et al., Nature Biotechnol 
ogy 14:845-851 (1996)). Several fusions yielded one or 
more panels of completely human IL-12 reactive IgG mono 
clonal antibodies. The completely human anti-IL-12 anti 
bodies are further characterized. All are IgG1 K. Such anti 
bodies are found to have affinity constants Somewhere 
between 1x10' and 9x10'. The unexpectedly high affinities 
of these fully human monoclonal antibodies make them 
Suitable candidates for therapeutic applications in IL-12 
related diseases, pathologies or disorders. 
Abbreviations 
BSA bovine serum albumin 
CO-carbon dioxide 
DMSO-dimethylsulfoxide 
EIA-enzyme immunoassay 
FBS-fetal bovine serum 
H-O-hydrogen peroxide 
HRP-horseradish peroxidasev 
ID-interadermal 
Ig-immunoglobulin 
IL-12-interleukin-12 
IP-intraperitoneal 
IV-intravenous 
Mab-monoclonal antibody 
OD-optical density 
OPD-O-Phenylenediamine dihydrochloride 
PEG-polyethylene glycol 
PSA penicillin, Streptomycin, amphotericin 
RT room temperature 
SQ-Subcutaneous 
V/v-volume per volume 
W/V-weight per Volume 
Materials and Methods 
Animals 

Transgenic mice that can express human antibodies are 
known in the art (and are commercially available (e.g., from 
GenPharm International, San Jose, Calif.; Abgenix, 
Freemont, Calif., and others) that express human immuno 
globulins but not mouse IgM or Igk. For example, Such 
transgenic mice contain human Sequence transgenes that 
undergo V(D)J joining, heavy-chain class Switching, and 
Somatic mutation to generate a repertoire of human Sequence 
immunoglobulins (Lonberg, et al., Nature 368:856-859 
(1994)). The light chain transgene can be derived, e.g., in 
part from a yeast artificial chromosome clone that includes 
nearly half of the germline human VK region. In addition, 
the heavy-chain transgene can encode both human and 
human Y1 (Fish wild, et al., Nature Biotechnology 
14:845-851 (1996)) and/or Y3 constant regions. Mice 
derived from appropriate genotopic lineages can be used in 
the immunization and fusion processes to generate fully 
human monoclonal antibodies to IL-12. 
Immunization 
One or more immunization Schedules can be used to 

generate the anti-IL-12 human hybridomas. The first several 
fusions can be performed after the following exemplary 
immunization protocol, but other similar known protocols 
can be used. Several 14-20 week old female and/or Surgi 
cally castrated transgenic male mice are immunized IP 
and/or ID with 1-1000 tug of recombinant human IL-12 
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48 
emulsified with an equal volume of TITERMAX or com 
plete Freund's adjuvant in a final volume of 100-400 till 
(e.g., 200). Each mouse can also optionally receive 1-10 ug 
in 100 lull physiological saline at each of 2 SQ sites. The 
mice can then be immunized 1–7, 5-12, 10-18, 17-25 
and/or 21-34 days later IP (1-400 ug) and SQ (1-400 ugx2) 
with IL-12 emulsified with an equal volume of TITERMAX 
or incomplete Freund's adjuvant. Mice can be bled 12-25 
and 25-40 days later by retro-orbital puncture without 
anti-coagulant. The blood is then allowed to clot at RT for 
one hour and the Serum is collected and titered using an 
IL-12 EIA assay according to known methods. Fusions are 
performed when repeated injections do not cause titers to 
increase. At that time, the mice can be given a final IV 
booster injection of 1-400 ug IL-12 diluted in 100 till 
physiological Saline. Three days later, the mice can be 
euthanized by cervical dislocation and the Spleens removed 
aseptically and immersed in 10 mL of cold phosphate 
buffered saline (PBS) containing 100 U/mL penicillin, 100 
tug/mL Streptomycin, and 0.25 ug/mL amphotericin B 
(PSA). The splenocytes are harvested by sterilely perfusing 
the spleen with PSA-PBS. The cells are washed once in cold 
PSA-PBS, counted using Trypan blue dye exclusion and 
resuspended in RPMI 1640 media containing 25 mM Hepes. 
Cell Fusion 

Fusion can be carried out at a 1:1 to 1:10 ratio of murine 
myeloma cells to viable spleen cells according to known 
methods, e.g., as known in the art. AS a non-limiting 
example, Spleen cells and mycloma cells can be pelleted 
together. The pellet can then be slowly resuspended, over 30 
seconds, in 1 mL of 50% (w/v) PEG/PBS solution (PEG 
molecular weight 1,450, Sigma) at 37° C. The fusion can 
then be stopped by slowly adding 10.5 mL of RPMI 1640 
medium containing 25 mM Hepes (37° C) over 1 minute. 
The fused cells are centrifuged for 5 minutes at 500-1500 
rpm. The cells are then resuspended in HAT medium (RPMI 
1640 medium containing 25 mM Hepes, 10% Fetal Clone I 
serum (Hyclone), 1 mM sodium pyruvate, 4 mM 
L-glutamine, 10 ug/mL gentamicin, 2.5%. Origen culturing 
supplement (Fisher), 10% 653-conditioned RPMI 1640/ 
Hepes media, 50 uM 2-mercaptoethanol, 100 uM 
hypoxanthine, 0.4 uM aminopterin, and 16 uM thymidine) 
and then plated at 200 u/well in fifteen 96-well flat bottom 
tissue culture plates. The plates are then placed in a humidi 
fied 37° C. incubator containing 5% CO and 95% air for 
7-10 days. 
Detection of Human IgG Anti-IL-12 Antibodies in Mouse 
Serum 

Solid phase ETA's can be used to Screen mouse Sera for 
human IgG antibodies specific for human IL-12. Briefly, 
plates can be coated with IL-12 at 2 tug/mL in PBS over 
night. After washing in 0.15M saline containing 0.02% (v/v) 
Tween 20, the wells can be blocked with 1% (w/v) BSA in 
PBS, 200 uL/well for 1 hour at RT Plates are used imme 
diately or frozen at -20° C. for future use. Mouse serum 
dilutions are incubated on the IL-12 coated plates at 50 
All ?well at RT for 1 hour. The plates are washed and then 
probed with 50 u/well HRP-labeled goat anti-human IgG, 
Fc specific diluted 1:30,000 in 1% BSA-PBS for 1 hour at 
RT. The plates can again be washed and 100 u/well of the 
citrate-phosphate Substrate Solution (0.1M citric acid and 
0.2M sodium phosphate, 0.01% HO and 1 mg/mL OPD) 
is added for 15 minutes at RT. Stop solution (4N Sulfuric 
acid) is then added at 25 uL/well and the OD’s are read at 
490 nm via an automated plate spectrophotometer. 
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Detection of Completely Human Immunoglobulins in 
Hybridoma Supernates 
Growth positive hybridomas secreting fully human 

immunoglobulins can be detected using a Suitable EIA. 
Briefly, 96 well pop-out plates (VWR, 610744) can be 
coated with 10 ug/mL goat anti-human IgG Fc in Sodium 
carbonate buffer overnight at 4 C. The plates are washed 
and blocked with 1% BSA-PBS for one hour at 37° C. and 
used immediately or frozen at -20°C. Undiluted hybridoma 
Supernatants are incubated on the plates for one hour at 37 
C. The plates are washed and probed with HRP labeled goat 
anti-human kappa diluted 1:10,000 in 1% BSA-PBS for one 
hour at 37 C. The plates are then incubated with substrate 
Solution as described above. 
Determination of Fully Human Anti-IL-12 Reactivity 

Hybridomas, as above, can be simultaneously assayed for 
inactivity to IL-12 using a suitable RIA or other assay. For 
example, Supernatants am incubated on goat anti-human IgG 
Fc plates as above, washed and then probed with radiola 
beled IL-12 with appropriate counts per well for 1 hour at 
RT. The wells are washed twice with FBS and bound 
radiolabeled IL-12 is quantitated using a Suitable counter. 
Human IgG1K anti-IL-12 Secreting hybridomas can be 

expanded in cell culture and Serially Subcloned by limiting 
dilution. The resulting clonal populations can be expanded 
and cryopreserved in freezing medium (95% FBS, 5% 
DMSO) and stored in liquid nitrogen. 
Isotyping 

Isotype determination of the antibodies can be accom 
plished using an EIA in a format Similar to that used to 
Screen the mouse immune Sera for Specific titers. IL-12 can 
be coated on 96-well plates as described above and purified 
antibody at 2 tug/mL can be incubated on the plate for one 
hour at RT. The plate is washed and probed with HRP 
labeled goat anti-human IgG or HRP labeled goat anti 
human IgG diluted at 1:4000 in 1% BSA-PBS for one hour 
at RT. The plate is again washed and incubated with Sub 
Strate Solution as described above. 
Binding Kinetics of Human Anti-Human IL-12 Antibodies 
with Human IL-12 

Binding characteristics for antibodies can be Suitably 
assessed using an IL-12 capture EIA and BIAcore 
technology, for example. Graded concentrations of purified 
human IL-12 antibodies can be assessed for binding to EIA 
plates coated with 2 ug/mL of IL-12 in assays as described 
above. The OD's can be then presented as semi-log plots 
showing relative binding efficiencies. 

Quantitative binding constants can be obtained, e.g., as 
follows, or by any other known suitable method. A BIAcore 
CM-5 (carboxymethyl) chip is placed in a BIAcore 2000 
unit. HBS buffer (0.01 M HEPES, 0.15 M NaCl, 3 mM 
EDTA, 0.005% v/v P20 surfactant, pH 7.4) is flowed over a 
flow cell of the chip at 5 ul/minute until a stable baseline is 
obtained. A solution (100 uL) of 15 mg of EDC (N-ethyl 
N'-(3-dimethyl-aminopropyl)-carbodiimide hydrochloride) 
in 200 till water is added to 100 lull of a solution of 2.3 mg 
of NHS (N-hydroxysuccinimide) in 200ull water. Forty (40) 
till of the resulting Solution is injected onto the chip. Six till 
of a solution of human IL-12 (15ug/mL in 10 mM sodium 
acetate, pH 4.8) is injected onto the chip, resulting in an 
increase of ca. 500 RU. The buffer is changed to TBS/Ca/ 
Mg/BSA running buffer (20 mM Tris, 0.15 M sodium 
chloride, 2 mM calcium chloride, 2 mM magnesium acetate, 
0.5% Triton X-100, 25ug/mL BSA, pH 7.4) and flowed over 
the chip overnight to equilibrate it and to hydrolyze or cap 
any unreacted Succinimide esters. 

Antibodies are dissolved in the running buffer at 33.33, 
16.67, 8.33, and 4.17 nM. The flow rate is adjusted to 30 
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lil /min and the instrument temperature to 25 C. Two flow 
cells are used for the kinetic runs, one on which IL-12 had 
been immobilized (sample) and a second, underivatized flow 
cell (blank). 120 ul of each antibody concentration is 
injected over the flow cells at 30 u/min (association phase) 
followed by an uninterrupted 360 seconds of buffer flow 
(dissociation phase). The Surface of the chip is regenerated 
(interleukin-12/antibody complex dissociated) by two 
Sequential injections of 30 u, each of 2 M guanidine 
thiocyanate. 

Analysis of the data is done using BIA evaluation 3.0 or 
CLAMP 2.0, as known in the art. For each antibody con 
centration the blank Sensogram is Subtracted from the 
Sample Sensogram. A global fit is done for both dissociation 
(k, sec') and association (k, mol' sec') and the disso 
ciation constant (K, mol) calculated (k/k). Where the 
antibody affinity is high enough that the RUs of antibody 
captured are >100, additional dilutions of the antibody are 

. 

Results and Discussion 
Generation of Anti-Human IL-12 Monoclonal Antibodies 
Several fusions are performed and each fusion is seeded 

in 15 plates (1440 wells/fusion) that yield several dozen 
antibodies Specific for human IL-12. Of these, Some are 
found to consist of a combination of human and mouse Ig 
chains. The remaining hybridomas Secrete anti-IL-12 anti 
bodies consisting Solely of human heavy and light chains. Of 
the human hybridomas, all are expected to be Ig1K. 

Binding Kinetics of Human Anti-Human IL-12 Antibod 
CS 

ELISA analysis confirms that purified antibody from most 
or all of these hybridomas bind IL-12 in a concentration 
dependent manner. FIGS. 1-2 show the results of the relative 
binding efficiency of these antibodies. In this case, the 
avidity of the antibody for its cognate antigen (epitope) is 
measured. It should be noted that binding IL-12 directly to 
the EIA plate can cause denaturation of the protein and the 
apparent binding affinities cannot be reflective of binding to 
undenatured protein. Fifty percent binding is found over a 
range of concentrations. 

Quantitative binding constants are obtained using BIA 
core analysis of the human antibodies and reveals that 
Several of the human monoclonal antibodies are very high 
affinity with K in the range of 1x10 to 7x10° 
Conclusions 

Several fusions are performed utilizing Splenocytes from 
hybrid mice containing human variable and constant region 
antibody transgenes that are immunized with human IL-12. 
A Set of Several completely human IL-12 reactive IgG 
monoclonal antibodies of the IgG1 K isotype are generated. 
The completely human anti-IL-12 antibodies are further 
characterized. Several of generated antibodies have affinity 
constants between 1x10' and 9x10'. The unexpectedly 
high affinities of these fully human monoclonal antibodies 
make them Suitable for therapeutic applications in IL-12 
dependent diseases, pathologies or related conditions. 

EXAMPLE 3 

C340 is a Neutralizing Human Monoclonal 
Antibody 

The bioactivity of IL-12 was shown to be neutralized by 
C340 in a variety of IL-12 dependent activity assays. Since 
IL-12 enhances IFN GAMMA production by NK cells and 
T lymphocytes, the effect of C340 antibody on the upregu 
lation of IFN GAMMA mRNA and the effect of C340 on the 
production of IFN GAMMA protein was examined 
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(Trinchieri, G., Current Opinion in Immunology, 9:17-23 
(1997), Morris, S. C., et al., Journal of Immunology, 
152: 1047-1056 (1994)). The ability of C340 to neutralize 
IL-12 driven induction of lymphokine activated killer 
(LAK) cell activity was also investigated in these studies 
(Kutza, J. and Murasko, D. M., Mechanisms of Ageing and 
Development, 90:209–222 (1996), Stem, A. S., et al., Pro 
ceedings of the National Academy of Sciences of the U.S.A., 
87:6808–6812 (1990)). Lastly, the effect of C340 on IL-12 
mediated upregulation of CD95 cell Surface expression on T 
and NK cells was tested (Medvedev, A. E., et al., Cytokine, 
9:394-404 (1997)). 

Inhibition of IFN Gamma mRNA Transcription 
To determine whether C340 inhibits IL-12/IL-2 induced 

IFN GAMMA gene transcription in human PBL, a reverse 
transcription-PCR assay was performed. Specific primers 
for B-actin (a control for mRNA integrity and content) and 
IFN GAMMA were used to amplify the cDNA obtained 
from Stimulated human PBL. FIG. 3 shows C340 down 
regulates IFN GAMMA mRNA in IL-12/IL-2 activated (2 
hour) PBMC. 

Inhibition of Intracellular IFN GAMMA as Measured by 
Flow Cytometry 

In response to various signals and as a measure of 
activation, T cells and NK cells can be induced to secrete 
cytokines. More specifically, PBL treated with IL-2 and 
IL-12 initiate substantial synthesis of IFN gamma within 
4-8 hours after stimulation. This production can be detected 
in the cytoplasm of Brefeldin-A treated PBL by flow cytom 
etry. FIG. 4 demonstrates a 60% reduction in IFN GAMMA 
production in such cultures when C340 IL-12 was added in 
conjunction with IL-12 for five hours. 

Inhibition of IL-12 Induced IFN GAMMA Secretion 

FIG. 5 clearly shows that two different lots of C340 
inhibited the secretion of IFN GAMMA by peripheral blood 
lymphocytes in a dose-dependent fashion. Four hundred 
picograms of IL-12 were premixed with varying amounts of 
C340 and then added to IL-2 stimulated cultures of PBL’s. 
When IFN GAMMA was measured by EIA after an 18-24 
hour incubation, markedly diminished amounts of IFN 
GAMMA were detected with as little as 1 tug/mL of C340 
antibody. 

Inhibition of IL-12 Induced LAK Cell Cytotoxicity 
Raji cells, an IL-12 sensitive Burkitt lymphoma derived 

cell line, is an NK cell resistant, LAK cell sensitive cell line. 
Raji cells, in triplicate, were cultured for four hours with 
LAK cells which had been activated with 400 pg/mL IL-12 
and 10 U/mL IL-2 in the presence or absence of the human 
monoclonal antibody C340 (5000 ng/mL or 50 ng/mL). FIG. 
6 shows the results from three normal, healthy donors. 
IL-12+IL-2 activation of effector cells resulted in an increas 
ing cytotoxic activity over that of cells activated with IL-2 
alone. The C340 antibody inhibited this IL-12 dependent 
effect. The magnitude of inhibition was related to antibody 
concentration, with the highest concentration tested reduc 
ing cytotoxicity to background levels. 
Inhibition of CD95 Upregulation 

Reports have described IL-12-induced upregulation of 
CD95 on the surface of highly purified CD56+ PBL. As can 
be seen in FIGS. 7A and 7B, distributional flow cytometric 
analysis revealed that CD95 expression was significantly 
upregulated on CD3+ T cells and CD56+ NK cells after 
treatment with IL-12 plus IL-2 for 72 hours. Concomitant 
anti-IL-12 treatment inhibited CD95 expression in both 
CD3+ and CD56+ populations. CD3+ cells were inhibited 
by ~50% (FIG. 7A), whereas CD56+ cells were inhibited by 
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-85% (FIG. 7B), as evidenced by a diminished MFI index 
(percent greater then unstimulated control). 

EXAMPLE 4 

Gene Cloning and Characterization 
Genomic DNA fragments containing either the C340 

heavy chain gene or the C340 light chain were cloned and 
purified. Genomic DNA purified from C340 hybridoma cells 
was partially digested with Sau3A restriction enzyme and 
size-selected by centrifugal fractionation through a 10-40% 
Sucrose gradient. DNA fragments in the size range of 15–23 
kb were cloned into the bacteriophage vector, EMBL3, and 
packaged into phage particles. Several packaging reactions 
resulted in a library of 1 million bacteriophage clones. 
Approximately 600,000 clones from the library were 
screened by plaque hybridization using 32P-labeled 
genomic DNA fragments that contained either human IgG 1 
heavy chain constant region Sequences or human kappa light 
chain constant region Sequences as probe. Thirteen heavy 
chain and nine light chain clones were detected. Of these, 
three heavy chain clones and four light chain clones were 
purified by two more rounds of Screening. One of the heavy 
chain clones and two of the light chain clones were shown 
to contain the 5' and 3' ends of the coding sequences by PCR 
analysis of bacteriophage DNA. The DNA insert in heavy 
chain (HC) clone H4 was 16 kb in size and includes 3.6 kb 
of 5" flanking and at least 2 kb of 3' flanking sequence. The 
DNA insert in light chain (LC) clone LC1 was 15 kb in size 
and included 4.4 kb of 5" flanking and 6.0 kb of 3' flanking 
Sequence. The complete inserts were removed from the 
bacteriophage vector as Sal fragments and cloned between 
the XhoI and SalI sites of plasmid expression vector p1351, 
which provided a gpt Selectable marker gene. Because there 
was an internal Sal Site in the heavy chain variable region 
coding Sequence, two Sal fragments had to be transferred 
from bacteriophage H4 to the p1351 expression vector. The 
resulting heavy and light chain expression plasmids were 
termed p1560 and p1558, respectively. The orientations of 
the heavy and light chain genes in these two plasmids 
relative to the p1351 vector Sequences were determined 
using restriction enzyme analysis and PCR, respectively. In 
both cases, the orientations were Such that the 5' end of the 
Ab gene fragment was proximal to the 3' end of the gpt gene. 
Both Strands of the coding regions of the cloned genes were 
Sequenced. The Sequences of plasmids p1560 and p1558 are 
presented in FIGS. 11A-11K and FIGS. 13 A-13J, respec 
tively. 

EXAMPLE 5 

Preparation of Recombinant Cell Lines 
Heavy chain plasmid p1560 was linearized by digestion 

with Pvul restriction enzyme and light chain plasmid p1558 
was line arized using Sal I restriction enzyme. 
p3X63Ag8.653 (653) and SP2/0-Ag14 (SP2/0) cells were 
Separately transfected with the premixed linearized plasmids 
by electroporation and cells cultured and transfectants 
Selected using mycophenolic acid as described (Knight, et 
al., Molecular Immunology 30:1443 (1993)). Cell superna 
tants from mycophenolic acid-resistant colonies were 
assayed approximately two weeks later for human IgG (i.e., 
recombinant C340 (rC340)). For this, cell Supernatants were 
incubated on 96-well ELISA plates that were coated with 
goat antibodies Specific for the Fc portion of human IgG. 
Human IgG which bound to the coated plate was detected 
using alkaline phosphatase-conjugated goat anti-human IgG 
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(heavy chain--light chain) antibody and alkaline phosphatase 
Substrates as described (Knight, et al., Molecular Immunol 
ogy 30:1443 (1993)). Cells of the higher producing clones 
were transferred to 24-well culture dishes in standard media 
and expanded (IMDM, 5% FBS, 2 mM glutamine, myco 
phenolic acid selection mix). The amount of antibody pro 
duced (i.e., Secreated into the media of spent cultures) was 
carefully quantified by ELISA using purified C340 mAb as 
the standard. Selected clones were then expanded in T75 
flaskS and the production of human IgG by these clones was 
quantified by ELISA. Based on these values, Six indepen 
dent 653 transfectants and three independent SP2/0 trans 
fectants were Subcloned (by Seeding an average of one cell 
per well in 96 well plates), the quantity of antibody produced 
by the subclones was determined by assaying (ELISA) 
Supernatants from individual Subclone colonies. Three 
subclones, 653 transfectant 19–20 (C379B) and the SP2/0 
transfectants 84-81 (C381A) and 22-56 (C389A), were 
Selected for further analysis. 
Assay for rC340 Antigen Binding. 

Prior to subcloning selected cell lines as described above, 
cell Supernatants from three parental lines (653 transfectants 
clone 2 and clone 18 and SP2/0 transfectant clone 1) were 
used to test the antigen binding characteristics of rC340. The 
concentrations of rC340 in the three cell Supernatant 
samples were first determined by ELISA. Titrating amounts 
of the Supernatant Samples, or purified C340 positive 
control, were then incubated in 96-well plates coated with 2 
lug/ml of human IL-12. Bound mAb was then detected with 
alkaline phosphatase-conjugated goat anti-human IgG 
(heavy chain-light chain) antibody and the appropriate 
alkaline phosphatase substrates. As shown in FIG. 8, rC340 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 15 

<21 Oc 
<211 
<212> 

SEQ ID NO 1 
LENGTH 5 
TYPE PRT 

ORGANISM: Homo sapiens 

<400 SEQUENCE: 1 

Thr Tyr Trp Leu Gly 
1 5 

SEQ ID NO 2 
LENGTH 17 
TYPE PRT 

ORGANISM: Homo sapiens 

<400 SEQUENCE: 2 

15 

25 

S4 
bound Specifically to human IL-12 in a manner indistin 
guishable from the original C340 mAb. 
Characterization of Selected Cell Lines. 
Growth curve analyses were performed on C379B, 

C381A, and C389Aby seeding T75 flasks with a starting cell 
density of 2x10 cells/ml in standard media or SFM-5 
Serum-free media and then monitoring cell number and 
rC340 concentration on a daily basis until the cultures were 
spent. The results of cultures in Standard media are shown in 
FIGS. 9A-9C. Maximal C340 mAb production levels for 
C379B, C381A, and C389A were 135ug/ml, 150 lug/ml, and 
110 ug/ml, respectively. Attempts to adapt C379B cells to 
SFM-5 media were not successful. C381A cells produced 
the same amount of rC340 in SFM-5 media as in standard 
media, whereas C389A cells produced only half as much 
rC340 in SFM-5 media as in standard media. 
The stability of rC340 mAb production over time for the 

three Subclones was assessed by culturing cells in 24-well 
dishes with Standard media or Standard media without 
mycophenolic acid Selection for varying periods of time. 
Lines C379B and C381A were observed to stably produce 
rC340 in the presence or absence of selection for a period of 
30 days (the maximum time tested) and 75 days, respec 
tively. Line C389A was unstable and after 43 days of culture 
produced just 20% as much antibody as at the beginning of 
the Study. 

It will be clear that the invention can be practiced other 
wise than as particularly described in the foregoing descrip 
tion and examples. 
Numerous modifications and variations of the present 

invention are possible in light of the above teachings and, 
therefore, are within the scope of the appended claims. 

Ile Met Ser Pro Val Asp Ser Asp Ile Arg Tyr Ser Pro Ser Phe Glin 
1 5 
Gly 

10 

<210> SEQ ID NO 3 
&2 11s LENGTH 10 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 3 

Pro Arg Pro Gly Glin Gly Tyr Phe Asp Phe 
1 5 10 

15 
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-continued 

<210> SEQ ID NO 4 
<211& LENGTH: 11 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 4 

Arg Ala Ser Glin Gly Ile Ser Ser Trp Lieu Ala 
1 5 10 

<210 SEQ ID NO 5 
&2 11s LENGTH 7 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 5 

Ala Ala Ser Ser Leu Glin Ser 
1 5 

<210> SEQ ID NO 6 
&2 11s LENGTH 9 
&212> TYPE PRT 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 6 

Gln Glin Tyr Asn Ile Tyr Pro Tyr Thr 
1 5 

<210 SEQ ID NO 7 
&2 11s LENGTH 119 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 7 

Glu Val Glin Leu Val Glin Ser Gly Ala Glu Val Lys Lys Pro Gly Glu 
1 5 10 15 

Ser Leu Lys Ile Ser Cys Lys Gly Ser Gly Tyr Ser Phe Thr Thr Tyr 
2O 25 30 

Trp Leu Gly Trp Val Arg Gln Met Pro Gly Lys Gly Lieu. Asp Trp Ile 
35 40 45 

Gly Ile Met Ser Pro Val Asp Ser Asp Ile Arg Tyr Ser Pro Ser Phe 
50 55 60 

Gln Gly Glin Val Thr Met Ser Val Asp Llys Ser Ile Thr Thr Ala Tyr 
65 70 75 8O 

Leu Gln Trp Asn. Ser Lieu Lys Ala Ser Asp Thr Ala Met Tyr Tyr Cys 
85 90 95 

Ala Arg Arg Arg Pro Gly Glin Gly Tyr Phe Asp Phe Trp Gly Glin Gly 
100 105 110 

Thir Leu Wall Thr Wal Ser Ser 
115 

<210 SEQ ID NO 8 
&2 11s LENGTH 108 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 8 

Asp Ile Gln Met Thr Glin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 
1 5 10 15 

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Glin Gly Ile Ser Ser Trp 
2O 25 30 
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-continued 

Leu Ala Trp Tyr Glin Gln Lys Pro Glu Lys Ala Pro Lys Ser Lieu. Ile 
35 40 45 

Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly 
50 55 60 

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thir Ile Ser Ser Leu Gln Pro 
65 70 75 8O 

Glu Asp Phe Ala Thr Tyr Tyr Cys Glin Glin Tyr Asn Ile Tyr Pro Tyr 
85 90 95 

Thr Phe Gly Glin Gly Thr Lys Lieu Glu Ile Lys Arg 
100 105 

<210 SEQ ID NO 9 
&2 11s LENGTH 503 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 9 

Arg Asn Leu Pro Val Ala Thr Pro Asp Pro Gly Met Phe Pro Cys Leu 
1 5 10 15 

His His Ser Glin Asn Lieu Lleu Arg Ala Wal Ser Asn Met Leu Gln Lys 
2O 25 30 

Ala Arg Glin Thr Leu Glu Phe Tyr Pro Cys Thr Ser Glu Glu Ile Asp 
35 40 45 

His Glu Asp Ile Thr Lys Asp Llys Thr Ser Thr Val Glu Ala Cys Lieu 
50 55 60 

Pro Leu Glu Lieu. Thr Lys Asn. Glu Ser Cys Leu Asn Ser Arg Glu Thr 
65 70 75 8O 

Ser Phe Ile Thr Asn Gly Ser Cys Leu Ala Ser Arg Lys Thr Ser Phe 
85 90 95 

Met Met Ala Lieu. Cys Lieu Ser Ser Ile Tyr Glu Asp Leu Lys Met Tyr 
100 105 110 

Glin Wal G Phe Lys Thr Met Asn Ala Lys Lieu Lleu Met Asp Pro Lys 
115 120 125 

l 

Arg Glin Ile Phe Leu Asp Glin Asn Met Leu Ala Val Ile Asp Glu Lieu 
130 135 1 4 0 

Met Glin Ala Leu Asn Phe Asn Ser Glu Thr Val Pro Gln Lys Ser Ser 
145 15 O 155 160 

Leu Glu Glu Pro Asp Phe Tyr Lys Thr Lys Ile Lys Lieu. Cys Ile Leu 
1.65 170 175 

Lieu. His Ala Phe Arg Ile Arg Ala Val Thir Ile Asp Arg Val Met Ser 
18O 185 19 O 

Tyr Lieu. Asn Ala Ser Ile Trp Glu Lieu Lys Lys Asp Val Tyr Val Val 
195 200 2O5 

Glu Leu Asp Trp Tyr Pro Asp Ala Pro Gly Glu Met Val Val Leu Thr 
210 215 220 

Cys Asp Thr Pro Glu Glu Asp Gly Ile Thir Trp Thr Lieu. Asp Glin Ser 
225 230 235 240 

Ser Glu Val Leu Gly Ser Gly Lys Thr Leu Thir Ile Glin Val Lys Glu 
245 250 255 

Phe Gly Asp Ala Gly Glin Tyr Thr Cys His Lys Gly Gly Glu Val Lieu 
260 265 27 O 

Ser His Ser Lieu Lleu Lleu Lieu. His Lys Lys Glu Asp Gly Ile Trp Ser 
275 280 285 

Thr Asp Ile Leu Lys Asp Gln Lys Glu Pro Lys Asn Lys Thr Phe Lieu 
29 O 295 3OO 

58 
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-continued 

Arg Cys Glu Ala Lys Asn Tyr Ser Gly Arg Phe Thr Cys Trp Trp Lieu 
305 310 315 320 

Thir Thr Ile Ser Thr Asp Leu Thr Phe Ser Val Lys Ser Ser Arg Gly 
325 330 335 

Ser Ser Asp Pro Gln Gly Val Thr Cys Gly Ala Ala Thr Leu Ser Ala 
340 345 35 O 

Glu Arg Val Arg Gly Asp Asn Lys Glu Tyr Glu Tyr Ser Val Glu Cys 
355 360 365 

Glin Glu Asp Ser Ala Cys Pro Ala Ala Glu Glu Ser Lieu Pro Ile Glu 
370 375 38O 

Val Met Val Asp Ala Val His Lys Leu Lys Tyr Glu Asn Tyr Thr Ser 
385 390 395 400 

Ser Phe Phe Ile Arg Asp Ile Ile Llys Pro Asp Pro Pro Lys Asn Lieu 
405 410 415 

Glin Leu Lys Pro Leu Lys Asn. Ser Arg Glin Val Glu Val Ser Trp Glu 
420 425 43 O 

Tyr Pro Asp Thr Trp Ser Thr Pro His Ser Tyr Phe Ser Leu Thr Phe 
435 4 40 4 45 

Cys Val Glin Val Glin Gly Lys Ser Lys Arg Glu Lys Lys Asp Arg Val 
450 455 460 

Phe Thr Asp Llys Thr Ser Ala Thr Val Ile Cys Arg Lys Asn Ala Ser 
465 470 475 480 

Ile Ser Val Arg Ala Glin Asp Arg Tyr Tyr Ser Ser Ser Trp Ser Glu 
485 490 495 

Trp Ala Ser Val Pro Cys Ser 
5 OO 

<210> SEQ ID NO 10 
&2 11s LENGTH 15 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 10 

agatatacta tocac 

<210> SEQ ID NO 11 
&2 11s LENGTH 51 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 11 

gttatato at ttgatggaag caataaatac tacgtag act cogtgaaggg c 

<210> SEQ ID NO 12 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 12 

gaggcc.cggg gatcgitatgc titttgatato 

<210> SEQ ID NO 13 
<211& LENGTH 42 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 13 

citct cotgca gggccagtica gagtgttagc agctact tag cc 

60 
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-continued 

SEQ ID NO 14 
LENGTH 18 
TYPE DNA 

ORGANISM: Homo sapiens 

<400 SEQUENCE: 14 

gatgcatcca acaggg cc 

SEQ ID NO 15 
LENGTH 21 
TYPE DNA 

ORGANISM: Homo sapiens 

<400 SEQUENCE: 15 

cago agcgta gcaactggcc t 

What is claimed is: 
1. An isolated anti-IL-12 antibody, comprising a heavy 

chain variable region (V) of the amino acid Sequence set 
forth in SEQID NO:7 and a light chain variable region (V) 
of the amino acid sequence set forth in SEQ ID NO:8. 

2. The anti-IL-12 antibody according to claim 1, wherein 
said antibody binds IL-12 with an affinity of at least one 
selected from at least 10M, at least 10' M, at least 10' 
M, or at least 10 M. 

25 

18 

21 

3. The anti-IL-12 antibody according to claim 1, wherein 
Said antibody neutralizes an activity of IL-12 protein. 

4. A composition comprising an isolated anti-IL-12 anti 
body having a heavy chain variable region (V) of the amino 
acid sequence set forth in SEQ ID NO:7 and a light chain 
variable region (V,) of the amino acid sequence set forth in 
SEQ ID NO:8, and at least one pharmaceutically acceptable 
carrier or diluent. 
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METHODS OF TREATING MODERATELY ment , LLC ( 2017 ) ; Uhlig et al . , Immunity . 25 : 309 318 
TO SEVERELY ACTIVE ULCERATIVE ( 2006 ) ; Yen et al . , J Clin Invest . 116 ( 5 ) : 1310-1316 ( 2006 ) ) . 
COLITIS BY ADMINISTERING AN Early studies showed that treatment with anti - IFNy ( Berg et 

ANTI - IL12 / L23 ANTIBODY al . , J Clin Invest . 98 : 1010-1020 ( 1996 ) ; Davidson et al . , J 
5 Immunol . 161 : 3143-3149 ( 1998 ) ) or anti - IL - 12p40 mono 

CROSS - REFERENCE TO RELATED clonal antibodies ( mAb ) prevented disease in experimental 
APPLICATIONS colitis models , suggesting an important role for type 1 T 

helper ( Th - 1 ) cells in promoting intestinal inflammation 
This application claims the benefit of U.S. Provisional ( Neurath et al . , J Exp Med . 182 ( 5 ) : 1281-1290 ( 1995 ) ) . 

Application Ser . No. 62 / 895,774 filed 4 Sep. 2019 , U.S. 10 Genome - wide association studies have implicated several 
Provisional Application Ser . No. 62 / 769,818 , filed 20 Nov. genetic loci in humans in the IL - 12 / 23 pathway that are 
2018 and U.S. Provisional Application Ser . No. 62 / 735,501 , associated with increased susceptibility to UC , including 
filed 24 Sep. , 2018 , the entire contents of which are incor IL - 23R and IL - 12B ( Anderson et al . , Nat Genet . 43 ( 3 ) : 246 
porated herein by reference in their entireties . 252 ( 2011 ) ; Brant et al . , Clin Gastroenterol Hepatol . 11 ( 1 ) : 

15 22-26 ( 2013 ) ) . Subjects with active UC were shown to have 
REFERENCE TO SEQUENCE LISTING significantly more IL - 23 , IL - 22 , IL - 22R1 and p - STAT3 
SUBMITTED ELECTRONICALLY positive cells than subjects with inactive UC and normal 

controls ( Yu et al . , World J Gastroenterol . 19 ( 17 ) : 2638-2649 
This application contains a sequence listing , which is ( 2013 ) ) . 

submitted electronically via EFS - Web as an ASCII format- 20 Biologic therapies currently approved for the treatment of 
ted sequence listing with file UC are either tumor necrosis factor ( TNF ) or integrin 
“ JB16010USNP1Sequence Listing.txt " creation date of 28 inhibitors ( Colombel et al . , Gastroenterology . 132 : 52-65 
Aug. 2018 , and having a size of 14,790 bytes . The sequence ( 2007 ) ; Hanauer et al . , Lancet . 359 : 1541-1549 ( 2002 ) ; 
listing submitted via EFS - Web is part of the specification Sandborn et al . , N Engl J Med . 369 : 711-721 ( 2013 ) ; Sand 
and is herein incorporated by reference in its entirety . 25 born et al . , Gastroenterology . 142 : 257-265 ( 2012 ) ) . How 

ever , only 1 therapy of all currently approved treatments , 
FIELD OF THE INVENTION vedolizumab , has demonstrated efficacy in subjects who 

have had an inadequate response to ( i.e. , primary nonre 
The invention relates to methods of providing a clinically sponse or secondary loss of response ) or are intolerant of 

proven safe and clinically proven effective treatment of 30 anti - TNFs ( Feagan et al . , N Engl J Med . 369 : 699 710 
ulcerative colitis , particularly moderately to severely active ( 2013 ) ) . Anti - TNFs have safety risks associated with immu 
ulcerative colitis in patients who have had an inadequate nosuppression and not all subjects adequately respond to 
response to or are intolerant of a conventional or existing such therapy . Furthermore , as was observed with the anti 
therapy by intravenous and / or subcutaneous administration TNFs , inadequate response , and intolerance has been iden 
of an anti - IL - 12 / IL - 23p40 antibody . 35 tified in subjects receiving vedolizumab for the treatment of 

their UC . Therefore , there remains an unmet need for novel 
BACKGROUND OF THE INVENTION therapies with alternative mechanisms of action . 

When tested , biologic therapies that are currently 
Inflammatory bowel diseases ( IBDs ) , including ulcerative approved for the treatment of UC have also demonstrated 

colitis ( UC ) , are chronic relapsing disorders characterized 40 efficacy in Crohn's disease ( Sandborn et al . , Gastroenterol 
by destructive inflammation and epithelial injury in the ogy . 135 ( 4 ) : 1130-1141 ( 2008 ) ) . Multiple lines of evidence 
gastrointestinal ( GI ) tract ( Baumgart and Sandborn , J Clin suggest that inflammatory bowel disease ( UC and Crohn's 
Invest . 98 : 1010-1020 ( 1996 ) ; Danese and Fiocchi , N Engl J disease ) is mediated by Thl or Th17 cells with strong 
Med . 365 : 1715-1725 ( 2011 ) ) . The incidence of UC in the contribution from the proinflammatory cytokines , IL - 12 , 
United States is estimated to be between 9 and 12 per 45 and IL - 23 . Ustekinumab ( STELARA? ) is a fully human 
100,000 persons with a prevalence of 205 to 240 per 100,000 immunoglobulin G1 mAb to human IL - 12 / 23p40 that pre 
persons ( Tally et al . , Am J Gastroenterol . 106 Suppl 1 : S2- vents IL - 12 and IL - 23 bioactivity by inhibiting their inter 
S25 ( 2011 ) ) . The estimate of the prevalence of UC in Europe action with their cell surface IL - 12R131 receptor protein 
is approximately 1 million people ( Loftus , Gastroenterol- ( Investigator's Brochure : STELARA® ( ustekinumab ) , edi 
ogy . 126 ( 6 ) : 1504-1517 ( 2004 ) ; Loftus , Gastoenterol Clin N 50 tion 18. Janssen Research & Development , LLC ( 2017 ) ) . 
Am . 31 : 1-20 ( 2002 ) ) . The etiology of UC is unknown . Through this mechanism of action , ustekinumab effectively 
However , abnormal immune responses to contents in the neutralizes IL - 12 ( Th1 ) - and IL - 23 ( Th17 ) -mediated cellular 
gut , including intestinal microbes , are thought to drive responses . Ustekinumab has received marketing approval 
disease in genetically predisposed individuals ( Geremia et globally , including countries in North America , Europe , 
al . , Autoimmun Rev. 13 : 3-10 ( 2014 ) ) . Dysregulated innate 55 South America , and the Asia - Pacific region , for the treat 
and adaptive immune pathways contribute to aberrant intes- ment of adult subjects with moderately to severely active 
tinal inflammation in IBD , and cytokines , including inter- Crohn's disease ( the first approval for Crohn's disease was 
leukin ( IL ) -12 , interferon - gamma ( IFNY ) , and IL - 23 have received on 11 Nov. 2016 ) , moderate to severe plaque 
been implicated in the pathogenesis of UC ( Geremia et al . , psoriasis , or active psoriatic arthritis , as well as for pediatric 
Autoimmune Rev. 2014 ; 13 : 3-10 ; Neurath , Nat Rev Immu- 60 subjects ( 12 to 17 years old ) with moderate to severe plaque 
nol . 14 ( 5 ) : 329-42 ( 2014 ) ) . psoriasis . 

The involvement of the IL - 12 / 23 pathway in the patho- The efficacy and safety of intravenous ( IV ) ustekinumab 
genesis of IBD is well established , and an important role for as induction therapy in Crohn's disease have been evaluated 
IL - 12 / IL - 23 pathway in intestinal inflammation has been in clinical studies CRD3001 and CRD3002 . In study 
elucidated in colitis ( Ahern et al . , Immunity . 33 ( 2 ) : 279-288 65 CRD3001 , subjects with demonstrated prior failure or intol 
( 2010 ) ; Investigator's Brochure : STELARAR erance to one or more TNF antagonists were evaluated , and 
( ustekinumab ) , edition 18. Janssen Research & Develop- in CRD3002 subjects with history of inadequate response to 
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or intolerance of corticosteroids or immunomodulators , but In another general aspect , the application relates to a 
without a history of an inadequate response or intolerance to clinically proven safe and clinically proven effective method 
TNF antagonists were evaluated . In these studies , two IV of treating moderately to severely active ulcerative colitis 
doses were evaluated : a 130 mg IV fixed dose ( ~ 2 mg / kg on ( UC ) in a subject in need thereof , comprising : 
a mg / kg basis ) was chosen for the low - dose group , while 5 intravenously administering to the subject a pharmaceu 
body - weight range based doses approximating -6 mg / kg IV tical composition comprising an anti - IL - 12 / IL - 23p40 anti 
( weights55 kg : ustekinumab 260 mg ; weight > 55 and 585 body at a dosage of about 6.0 mg / kg body weight of the 
kg : ustekinumab 390 mg ; weight > 85 kg : ustekinumab : 520 subject or 130 mg of the antibody per administration at week 
mg ) were chosen as the high - dose group . In both studies , O of the treatment , and 
ustekinumab demonstrated clinically significant efficacy 10 subcutaneously administering to the subject a pharmaceu 
compared with placebo and was well - tolerated with a favor- tical composition comprising the anti - IL - 12 / IL - 23p40 anti 
able safety profile . body at a dosage of 90 mg of the antibody per administration 

Prior to the present invention , no studies had been con- at week 8 of the treatment , 
ducted with ustekinumab for UC . there is a need in the art wherein the antibody comprises a heavy chain variable 
for improved methods of treating UC , particularly moder- 15 region and a light chain variable region , the heavy chain 
ately to severely active UC , in subjects who had previously variable region comprising : a complementarity determining 
failed or were intolerant of a biologic therapy or other region heavy chain 1 ( CDRH1 ) amino acid sequence of SEQ 
conventional therapy , or subjects who had demonstrated ID NO : 1 ; a CDRH2 amino acid sequence of SEQ ID NO : 2 ; 
corticosteroid dependence . and a CDRH3 amino acid sequence of SEQ ID NO : 3 ; and 

20 the light chain variable region comprising : a complemen 
BRIEF SUMMARY OF THE INVENTION tarity determining region light chain 1 ( CDRL1 ) amino acid 

sequence of SEQ ID NO : 4 ; a CDRL2 amino acid sequence 
The present application relates to clinically proven safe of SEQ ID NO : 5 ; and a CDRL3 amino acid sequence of 

and clinically proven effective methods and compositions SEQ ID NO : 6 ; and 
for treatment of moderately to severely active ulcerative 25 wherein the subject had previously failed or were intol 
colitis ( UC ) , particularly in subjects who have had an erant of at least one therapy selected from the group con 
inadequate response to or are intolerant of a conventional or sisting of : an anti - TNF , vedolizumab , corticosteroids , aza 
existing therapy , by administration of an anti - IL - 12 / IL- thioprine ( AZA ) , and 6 mercaptopurine ( 6 MP ) , or the 
23p40 antibody to subjects , thereby addressing a clear subject had demonstrated corticosteroid dependence 
unmet medical need in this subject population . In certain embodiments , methods of the present applica 

In one general aspect , the application relates to a clinically tion comprise intravenously ( IV ) and / or subcutaneously 
proven safe and clinically proven effective method of treat- ( SC ) administering to the subject a pharmaceutical compo 
ing moderately to severely active ulcerative colitis ( UC ) in sition comprising an anti - IL - 12 and / or anti - IL - 23 antibody 
a subject in need thereof , comprising administering to the or antigen binding fragment comprising : ( i ) a heavy chain 
subject a pharmaceutical composition comprising a safe and 35 variable domain amino acid sequence of SEQ ID NO : 7 ; and 
effective amount of an anti - IL - 12 / IL - 23p40 antibody , ( ii ) a light chain variable domain amino acid sequence of 
wherein the antibody comprises a heavy chain variable SEQ ID NO : 8 . 
region and a light chain variable region , the heavy chain In certain embodiments , methods of the present applica 
variable region comprising : a complementarity determining tion comprise intravenously ( IV ) and / or subcutaneously 
region heavy chain 1 ( CDRH1 ) amino acid sequence of SEQ 40 ( SC ) administering to the subject a pharmaceutical compo 
ID NO : 1 ; a CDRH2 amino acid sequence of SEQ ID NO : 2 ; sition comprising the anti - IL - 12 / 23p40 antibody 
and a CDRH3 amino acid sequence of SEQ ID NO : 3 ; and ustekinumab , which comprises : ( i ) a heavy chain amino acid 
the light chain variable region comprising : a complemen- sequence of SEQ ID NO : 10 ; and ( ii ) a light chain amino acid 
tarity determining region light chain 1 ( CDRL1 ) amino acid sequence of SEQ ID NO : 11 . 
sequence of SEQ ID NO : 4 ; a CDRL2 amino acid sequence 45 In certain embodiments , the IV dose at week 0 is about 6.0 
of SEQ ID NO : 5 ; and a CDRL3 amino acid sequence of mg / kg . For example , the IV dose is 260 mg for subjects with 
SEQ ID NO : 6 . body weight235 kg and s55 kg , 390 mg for subjects with 

In certain embodiments , the anti - IL - 12 and / or anti - IL - 23 body weight > 55 kg and s85 kg , and 520 mg for subjects 
antibody is administered intravenously to the subject , pref with body weight > 85 kg . 
erably at week 0 , at a dosage of about 6.0 mg / kg body weight 50 In certain embodiments , the subject is a responder to a 
of the subject or 130 mg per administration . treatment of a method according to an embodiment of the 

In certain embodiments , the anti - IL - 12 and / or anti - IL - 23 application and is identified as having at least one of : ( 1 ) a 
antibody is administered intravenously or subcutaneously to clinical remission based on at least one of the global 
the subject , preferably at week 8 , at a dosage of about 6.0 submissions and the US submissions ; ( 2 ) an endoscopic 
mg / kg body weight of the subject or 90 mg per administra- 55 healing ; ( 3 ) a clinical response ; ( 4 ) a change from baseline 
tion , respectively . in Inflammatory Bowel Disease Questionnaire ( IBDQ ) 

Preferably , the subject treated by methods according to score ; ( 5 ) a mucosal healing ; ( 6 ) a decrease from baseline in 
embodiments of the application has had an inadequate Mayo score ; and ( 7 ) a normalization of one or more bio 
response to or are intolerant of a conventional or existing markers selected from the group consisting of C - reactive 
therapy . In some embodiments , the subject had previously 60 protein , fecal lactoferrin and fecal calprotectin . Preferably , 
failed or were intolerant of a biologic therapy , such as an at least one of ( 1 ) to ( 7 ) above is identified from the subject 
anti - TNF and / or vedolizumab . In some embodiments , the by week 16 , more preferably by week 8 or week 4 , and most 
subject had previously failed or were intolerant of a non- preferably by week 2 of the treatment . 
biologic therapy , such as a treatment with corticosteroids , In certain embodiments , the present invention provides a 
azathioprine ( AZA ) , and / or 6 mercaptopurine ( 6 MP ) . In 65 clinically proven safe and clinically proven effective method 
some embodiments , the subject had demonstrated corticos- of treating moderately to severely active UC in a subject , 
teroid dependence . wherein the subject is a responder to the treatment with the 
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antibody and is identified as having a statistically significant pharmaceutical composition for subcutaneous administra 
improvement in disease activity as determined by endo- tion of the invention . In other embodiments , the kit com 
scopic healing with a Mayo endoscopy subscore of 0 or 1 by prises both a pharmaceutical composition for intravenous 
week 8 of treatment with the antibody . administration and a pharmaceutical composition for sub 

In other embodiments , the present invention provides a cutaneous administration of the invention . 
clinically proven safe and clinically proven effective method 
of treating moderately to severely active UC in a subject , BRIEF DESCRIPTION OF THE DRAWINGS 
wherein the subject is a responder to the treatment with the 
antibody and is identified as having a statistically significant The foregoing summary , as well as the following detailed 
improvement in disease activity as determined by an Ulcer- 10 description of the invention , will be better understood when 
ative Colitis Endoscopic Index of Severity ( UCEIS ) score of read in conjunction with the appended drawings . It should be s4 by week 8 of treatment with the antibody . 

In certain embodiments , the subject is in clinical response understood that the invention is not limited to the precise 
embodiments shown in the drawings . as determined by a decrease from baseline in the Mayo score 

by 230 % and 23 points and a decrease from baseline in the 15 FIG . 1 shows a diagrammatic representation of the study 
rectal bleeding subscore 21 points or a rectal bleeding design . Abbreviations : W8 = Week 8 ; W16 = Week 16 ; 
subscore of 0 or 1 by week 8 of treatment with the antibody . LTE = Long - term Extension . 

In other embodiments , a maintenance dose of the anti DETAILED DESCRIPTION OF THE IL - 12 / IL - 23p40 antibody is administered every 8 weeks INVENTION after the treatment at week 8 or every 12 weeks after the 20 
treatment at week 8 and clinical response is maintained by 
the subject for at least 44 weeks . Various publications , articles and patents are cited or 

In certain embodiments , the present invention provides a described in the background and throughout the specifica 
clinically proven safe and clinically proven effective method tion ; each of these references is herein incorporated by 
of treating moderately to severely active UC in a subject , 25 reference in its entirety . Discussion of documents , acts , 
wherein a subject identified as a non - responder to an initial materials , devices , articles or the like which has been 
treatment is administered a second treatment , preferably included in the present specification is for the purpose of 
with an administration route different from the initial treat- providing context for the invention . Such discussion is not 
ment . For example , a subject identified as a non - responder an admission that any or all of these matters form part of the 
to an initial treatment with an IV administration of an 30 prior art with respect to any inventions disclosed or claimed . 
antibody or antibody binding fragment can be treated with a Unless defined otherwise , all technical and scientific 
subsequent subcutaneous administration of the antibody or terms used herein have the same meaning as commonly 
antibody binding fragment according to embodiments of the understood to one of ordinary skill in the art to which this 
invention . invention pertains . Otherwise , certain terms used herein 

In certain embodiments , the present application provides 35 have the meanings as set forth in the specification . All 
for a method of treating moderately to severely active UC in patents , published patent applications and publications cited 
a subject , wherein an anti - IL - 12 and / or anti - IL - 23 antibody herein are incorporated by reference as if set forth fully 
for use with IV administration is in a pharmaceutical com- herein . 
position comprising a solution comprising 10 mM L - histi- It must be noted that as used herein and in the appended 
dine , 8.5 % ( w / v ) sucrose , 0.04 % ( w / v ) polysorbate 80 , 0.4 40 claims , the singular forms “ a , " " an , ” and “ the ” include plural 
mg / mL L methionine , and 20 ug / mL EDTA disodium salt , reference unless the context clearly dictates otherwise . 
dehydrate , at pH 6.0 . Unless otherwise indicated , the term “ at least ” preceding a 

In certain embodiments , the present application provides series of elements is to be understood to refer to every 
for a clinically proven safe and clinically proven effective element in the series . Those skilled in the art will recognize , 
method of treating moderately to severely active UC in a 45 or be able to ascertain using no more than routine experi 
subject , wherein an anti - IL - 12 and / or anti - IL - 23 antibody mentation , many equivalents to the specific embodiments of 
for use with subcutaneous administration is in a pharma- the invention described herein . Such equivalents are 
ceutical composition comprising a solution comprising 6.7 intended to be encompassed by the invention . 
mM L - histidine , 7.6 % ( w / v ) sucrose , 0.004 % ( w / v ) poly- Throughout this specification and the claims which fol 
sorbate 80 , at pH 6.0 . 50 low , unless the context requires otherwise , the word “ com 

In certain embodiments , the present application provides prise ” , and variations such as “ comprises ” and “ compris 
a method further comprising administering to the subject ing ” , will be understood to imply the inclusion of a stated 
one or more additional drugs used to treat UC . In a preferred integer or step or group of integers or steps but not the 
embodiment , the additional drug is selected from the group exclusion of any other integer or step or group of integer or 
consisting of : oral 5 - aminosalicylate ( 5 - ASA ) compounds , 55 step . When used herein the term “ comprising " can be 
oral corticosteroids , immunomodulators , 6 - mercaptopurine substituted with the term “ containing ” or “ including ” or 
( 6 - MP ) , azathioprine ( AZA ) , or methotrexate ( MTX ) . sometimes when used herein with the term “ having ” . 

Other aspects of the application include pharmaceutical When used herein “ consisting of ' excludes any element , 
compositions comprising an anti - IL - 12 and / or anti - IL - 23 step , or ingredient not specified in the claim element . When 
antibody for use in a clinically proven safe and clinically 60 used herein , “ consisting essentially of ' does not exclude 
proven effective method of treating moderately to severely materials or steps that do not materially affect the basic and 
active UC in a subject , as well as methods of preparing the novel characteristics of the claim . Any of the aforemen 
compositions and kits comprising the pharmaceutical com- tioned terms of " comprising ” , " containing " , " including ” , 
positions . and “ having ” , whenever used herein in the context of an 

In certain embodiments , a kit useful for a method of the 65 aspect or embodiment of the invention can be replaced with 
invention comprises at least one of a pharmaceutical com- the term “ consisting of ” or “ consisting essentially of ” to 
position for intravenous administration of the invention and vary scopes of the disclosure . 
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As used herein , the conjunctive term “ and / or ” between in a variety of truncated forms using antibody genes in 
multiple recited elements is understood as encompassing which one or more stop codons have been introduced 
both individual and combined options . For instance , where upstream of the natural stop site . For example , a combina 
two elements are conjoined by “ and / or ” , a first option refers tion gene encoding a F ( ab ' ) 2 heavy chain portion can be 
to the applicability of the first element without the second . 5 designed to include DNA sequences encoding the Chl 
A second option refers to the applicability of the second domain and / or hinge region of the heavy chain . The various 
element without the first . A third option refers to the appli- portions of antibodies can be joined together chemically by 
cability of the first and second elements together . Any one of conventional techniques , or can be prepared as a contiguous 
these options is understood to fall within the meaning , and protein using genetic engineering techniques . 
therefore satisfy the requirement of the term “ and / or ” as 10 As used herein , the term “ human antibody ” refers to an 
used herein . Concurrent applicability of more than one of the antibody in which substantially every part of the protein 
options is also understood to fall within the meaning , and ( e.g. , CDR , framework , C4 , CH domains ( e.g. , Chi , Ch2 , 
therefore satisfy the requirement of the term “ and / or . ” C.3 ) , hinge , ( V , V. ) ) is substantially non - immunogenic in 
As used herein , “ subject ” means any animal , preferably a humans , with only minor sequence changes or variations . A 

mammal , most preferably a human , whom will be or has 15 “ human antibody " can also be an antibody that is derived 
been treated by a method according to an embodiment of the from or closely matches human germline immunoglobulin 
invention . The term “ mammal ” as used herein , encompasses sequences . Human antibodies can include amino acid resi 
any mammal . Examples of mammals include , but are not dues not encoded by germline immunoglobulin sequences 
limited to , cows , horses , sheep , pigs , cats , dogs , mice , rats , ( e.g. , mutations introduced by random or site - specific muta 
rabbits , guinea pigs , non - human primates ( NHPs ) such as 20 genesis in vitro or by somatic mutation in vivo ) . Often , this 
monkeys or apes , humans , etc. , more preferably a human . means that the human antibody is substantially non - immu 
As used herein , the term “ in combination ” , in the context nogenic in humans . Human antibodies have been classified 

of the administration of two or more therapies to a subject , into groupings based on their amino acid sequen similari 
refers to the use of more than one therapy . The use of the ties . Accordingly , using a sequence similarity search , an 
term “ in combination ” does not restrict the order in which 25 antibody with a similar linear sequence can be chosen as a 
therapies are administered to a subject . For example , a first template to create a human antibody . Similarly , antibodies 
therapy ( e.g. , a composition described herein ) can be admin- designated primate ( monkey , baboon , chimpanzee , etc. ) , 
istered prior to ( e.g. , 5 minutes , 15 minutes , 30 minutes , 45 rodent ( mouse , rat , rabbit , guinea pig , hamster , and the like ) 
minutes , 1 hour , 2 hours , 4 hours , 6 hours , 12 hours , 16 and other mammals designate such species , sub - genus , 
hours , 24 hours , 48 hours , 72 hours , 96 hours , 1 week , 2 30 genus , sub - family , and family specific antibodies . Further , 
weeks , 3 weeks , 4 weeks , 5 weeks , 6 weeks , 8 weeks , or 12 chimeric antibodies can include any combination of the 
weeks before ) , concomitantly with , or subsequent to ( e.g. , 5 above . Such changes or variations optionally and preferably 
minutes , 15 minutes , 30 minutes , 45 minutes , 1 our , 2 retain or reduce the immunogenicity in humans or other 
hours , 4 hours , 6 hours , 12 hours , 16 hours , 24 hours , 48 species relative to non - modified antibodies . Thus , a human 
hours , 72 hours , 96 hours , 1 week , 2 weeks , 3 weeks , 4 35 antibody is distinct from a chimeric or humanized antibody . 
weeks , 5 weeks , 6 weeks , 8 weeks , or 12 weeks after ) the It is pointed out that a human antibody can be produced 
administration of a second therapy to a subject . by a non - human animal or prokaryotic or eukaryotic cell that 
As used herein , an “ anti - IL - 12 antibody , " " anti - IL - 23 is capable of expressing functionally rearranged human 

antibody , " " anti - IL - 12 / 23p40 antibody , " or " IL - 12 / 23p40 immunoglobulin ( e.g. , heavy chain and / or light chain ) 
antibody , ” refers to a monoclonal antibody ( mAb ) or antigen 40 genes . Further , when a human antibody is a single chain 
binding fragment thereof , that binds the 40 kDa ( p40 ) antibody , it can comprise a linker peptide that is not found 
subunit shared by the cytokines interleukin - 12 and inter- in native human antibodies . For example , an Fv can com 
leukin - 23 ( IL - 12 / 23p40 ) . The antibody can affect at least prise a linker peptide , such as two to about eight glycine or 
one of IL - 12 / 23 activity or function , such as but not limited other amino acid residues , which connects the variable 
to , RNA , DNA or protein synthesis , IL - 12 / 23 release , IL - 12 / 45 region of the heavy chain and the variable region of the light 
23 receptor signaling , membrane IL - 12 / 23 cleavage , IL - 12 / chain . Such linker peptides are considered to be of human 
23 activity , IL - 12 / 23 production and / or synthesis . origin . 

The term “ antibody ” is further intended to encompass Anti - IL - 12 / 23p40 antibodies ( also termed IL - 12 / 23p40 
antibodies , digestion fragments , specified portions and vari- antibodies ) ( or antibodies to IL - 23 ) useful in the methods 
ants thereof , including antibody mimetics or comprising 50 and compositions of the present invention can optionally be 
portions of antibodies that mimic the structure and / or func- characterized by high affinity binding to IL - 12 / 23p40 , 
tion of an antibody or specified fragment or portion thereof , optionally and preferably , having low toxicity . In particular , 
including single chain antibodies and fragments thereof . an antibody , specified fragment or variant of the invention , 
Functional fragments include antigen - binding fragments where the individual components , such as the variable 
that bind to a mammalian IL - 12 / 23 . For example , antibody 55 region , constant region and framework , individually and / or fragments capable of binding to IL - 12 / 23 or portions collectively , optionally and preferably possess low immu 
thereof , including , but not limited to , Fab ( e.g. , by papain nogenicity , is useful in the present invention . The antibodies 
digestion ) , Fab ' ( e.g. , by pepsin digestion and partial reduc- that can be used in the invention are optionally characterized 
tion ) and F ( ab ' ) 2 ( e.g. , by pepsin digestion ) , facb ( e.g. , by by their ability to treat subjects for extended periods with 
plasmin digestion ) , pFc ' ( e.g. , by pepsin or plasmin diges- 60 measurable alleviation of symptoms and low and / or accept 
tion ) , Fd ( e.g. , by pepsin digestion , partial reduction and able toxicity . Low or acceptable immunogenicity and / or 
reaggregation ) , Fv or scFv ( e.g. , by molecular biology high affinity , as well as other suitable properties , can con 
techniques ) fragments , are encompassed by the invention tribute to the therapeutic results achieved . “ Low immuno 
( see , e.g. , Colligan , Immunology , supra ) . genicity ” is defined herein as raising significant HAHA , 

Such fragments can be produced by enzymatic cleavage , 65 HACA or HAMA responses in less than about 75 % , or 
synthetic or recombinant techniques , as known in the art preferably less than about 50 % of the subjects treated and / or 
and / or as described herein . Antibodies can also be produced raising low titres in the subject treated ( less than about 300 , 
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preferably less than about 100 measured with a double 230 % and 23 points , with either a decrease from baseline in 
antigen enzyme immunoassay ) ( Elliott et al . , Lancet 344 : the rectal bleeding subscore 21 or a rectal bleeding subscore 
1125-1127 ( 1994 ) , entirely incorporated herein by refer- of 0 or 1 . 
ence ) . “ Low immunogenicity ” can also be defined as the The term “ clinically proven safe , ” as it relates to a dose , 
incidence of titrable levels of antibodies to the anti - IL - 125 dosage regimen , treatment or method with anti - IL - 12 / IL 
antibody in subjects treated with anti - IL - 12 antibody as 23p40 antibody of the present invention ( e.g. , ustekinumab ) , 
occurring in less than 25 % of subjects treated , preferably , in refers to a favorable risk : benefit ratio with an acceptable 
less than 10 % of subjects treated with the recommended frequency and / or acceptable severity of treatment - emergent 
dose for the recommended course of therapy during the adverse events ( referred to as AES or TEAEs ) compared to 
treatment period . 10 the standard of care or to another comparator . As used 

The terms “ clinically proven efficacy ” and “ clinically herein , “ adverse event , ” “ treatment - emergent adverse 
proven effective ” as used herein in the context of a dose , event , ” and “ adverse reaction ” mean any harm , unfavorable , 
dosage regimen , treatment or method refer to the effective- unintended or undesired sign or outcome associated with or 
ness of a particular dose , dosage or treatment regimen . caused by administration of a pharmaceutical composition 
Efficacy can be measured based on change in the course of 15 or therapeutic . It is an untoward medical occurrence in a 
the disease in response to an agent of the present invention . subject administered a medicinal product . However , abnor 
For example , an anti - IL12 / 23p40 of the present invention mal values or observations are not reported as adverse 
( e.g. , ustekinumab ) is administered to a subject in an amount events unless considered clinically significant by the inves 
and for a time sufficient to induce an improvement , prefer- tigator . As used herein , when referring to an adverse event , 
ably a sustained improvement , in at least one indicator that 20 " clinically apparent ” means clinically significant as deter 
reflects the severity of the disorder that is being treated . mined by a medical doctor or an investigator using standard 
Various indicators that reflect the extent of the subject's acceptable to those of ordinary skill in the art . When the 
illness , disease or condition can be assessed for determining harm or undesired outcome of adverse events reaches such 
whether the amount and time of the treatment is sufficient . a level of severity , a regulatory agency can deem the 
Such indicators include , for example , clinically recognized 25 pharmaceutical composition or therapeutic unacceptable for 
indicators of disease severity , symptoms , or manifestations the proposed use . In particular , “ safe ” as it relates to a dose , 
of the disorder in question . The degree of improvement dosage regimen or treatment with an anti - IL12 / 23p40 or 
generally is determined by a physician , who can make this anti - IL23 antibody of the present invention refers to with an 
determination based on signs , symptoms , biopsies , or other acceptable frequency and / or acceptable severity of adverse 
test results , and who can also employ questionnaires that are 30 events associated with administration of the antibody if 
administered to the subject , such as quality - of - life question- attribution is considered to be possible , probable , or very 
naires developed for a given disease . For example , an likely due to the use of the anti - IL12 / 23p40 or anti - IL23 
anti - IL 12 / 23p40 or anti - IL23 antibody of the present inven- antibody . 
tion can be administered to achieve an improvement in a As used herein , unless otherwise noted , the term " clini 
subject's condition related to ulcerative colitis . 35 cally proven ” ( used independently or to modify the terms 

Improvement can be indicated by an improvement in an " safe " and / or “ effective ” ) shall mean that it has been proven 
index of disease activity , by amelioration of clinical symp- by a clinical trial wherein the clinical trial has met the 
toms or by any other measure of disease activity . Once such approval standards of U.S. Food and Drug Administration , 
index of disease is the ulcerative colitis Mayo score . The EMEA or a corresponding national regulatory agency . For 
Mayo score is an established , validated disease activity 40 example , the clinical study may be an adequately sized , 
index for mild , moderate , and severe ulcerative colitis ( UC ) randomized , double - blinded study used to clinically prove 
that is calculated as the sum of the 4 subscores of stool the effects of the drug . 
frequency , rectal bleeding , findings of endoscopy , and phy- As used herein , a dosage amount of an anti - IL - 12 / IL 
sician's global assessment ( PGA ) , and ranges from 0-12 . A 23p40 antibody in “ mg / kg ” refers to the amount of the 
score of 3 to 5 points indicates mildly active disease , a score 45 anti - IL - 12 / IL - 23p40 antibody in milligrams per kilogram of 
of 6 to 10 points indicates moderately active disease , and a the body weight of a subject to be administered with the 
score of 11 to 12 points indicates severe disease . The partial antibody . 
Mayo score , which is the Mayo score without the endoscopy Antibodies of the Present Invention Production and 
subscore , is calculated as the sum of stool frequency , rectal Generation 
bleeding , and physician's global assessment subscores , and 50 At least one anti - IL - 12 / 23p40 ( or anti - IL - 23 ) used in the 
ranges from 0 to 9. The modified Mayo score , which is the method of the present invention can be optionally produced 
Mayo score without the PGA subscore , is calculated as the by a cell line , a mixed cell line , an immortalized cell or 
sum of the stool frequency , rectal bleeding , and endoscopy clonal population of immortalized cells , as well known in 
subscores , and ranges from 0 to 9. Other disease activity the art . See , e.g. , Ausubel , et al . , ed . , Current Protocols in 
indexes for UC include for example , Ulcerative Colitis 55 Molecular Biology , John Wiley & Sons , Inc. , NY , NY 
Endoscopic Index of Severity ( UCEIS ) score and the Bristol ( 1987-2001 ) ; Sambrook , et al . , Molecular Cloning : A Labo 
Stool Form Scale ( BSFS ) score . The UCEIS score provides ratory Manual , 2nd Edition , Cold Spring Harbor , N.Y. 
an overall assessment of endoscopic severity of UC , based ( 1989 ) ; Harlow and Lane , antibodies , a Laboratory Manual , 
on mucosal vascular pattern , bleeding , and ulceration ( Tra- Cold Spring Harbor , N.Y. ( 1989 ) ; Colligan , et al . , eds . , 
vis et al . , Gut . 61 : 535-542 ( 2012 ) ) . The score ranges from 3 60 Current Protocols in Immunology , John Wiley & Sons , Inc. , 
to 11 with a higher score indicating more severe disease by NY ( 1994-2001 ) ; Colligan et al . , Current Protocols in Pro 
endoscopy . The BSFS score is used to classify the form ( or tein Science , John Wiley & Sons , NY , N.Y. , ( 1997-2001 ) , 
consistency ) of human feces into 7 categories ( Lewis and each entirely incorporated herein by reference . 
Heaton , Scand J Gastroenterol . 32 ( 9 ) : 920-924 ( 1997 ) ) . Human antibodies that are specific for human IL - 12 / 

The term " clinical response ” as used herein as it relates to 65 23p40 or IL - 23 proteins or fragments thereof can be raised 
a subject's response to drug administration , refers to a against an appropriate immunogenic antigen , such as an 
decrease from induction baseline in the Mayo score by isolated IL - 12 / 23p40 protein , IL - 23 protein and / or a portion 
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thereof ( including synthetic molecules , such as synthetic ( Ixsys , predecessor of Applied Molecular Evolution ( AME ) , 
peptides ) . Other specific or general mammalian antibodies each entirely incorporated herein by reference ) ) or that rely 
can be similarly raised . Preparation of immunogenic anti- upon immunization of transgenic animals ( e.g. , SCID mice , 
gens , and monoclonal antibody production can be performed Nguyen et al . , Microbiol . Immunol . 41 : 901-907 ( 1997 ) ; 
using any suitable technique in view of the present disclo- 5 Sandhu et al . , Crit . Rev. Biotechnol . 16 : 95-118 ( 1996 ) ; Eren 

et al . , Immunol . 93 : 154-161 ( 1998 ) , each entirely incorpo 
In one approach , a hybridoma is produced by fusing a rated by reference as well as related patents and applica 

suitable immortal cell line ( e.g. , a myeloma cell line , such tions ) that are capable of producing a repertoire of human 
as , but not limited to , Sp2 / 0 , Sp2 / 0 - AG14 , NSO , NS1 , NS2 , antibodies , as known in the art and / or as described herein . 
AE - 1 , L.5 , L243 , P3X63Ag8.653 , Sp2 SA3 , Sp2 MAI , Sp2 10 Such techniques , include , but are not limited to , ribosome 

display ( Hanes et al . , Proc . Natl . Acad . Sci . USA , 94 : 4937 SS1 , Sp2 SA5 , U937 , MLA 144 , ACT IV , MOLT4 , DA - 1 , 4942 ( Can 1997 ) ; Hanes et al . , Proc . Natl . Acad . Sci . USA , JURKAT , WEHI , K - 562 , COS , RAJI , NIH 3T3 , HL - 60 , 95 : 14130-14135 ( November 1998 ) ) ; single cell antibody MLA 144 , NAMALWA , NEURO 2A , or the like , or het producing technologies ( e.g. , selected lymphocyte antibody eromylomas , fusion products thereof , or any cell or fusion method ( “ SLAM ” ) ( U.S. Pat . No. 5,627,052 , Wen et al . , J. 
cell derived therefrom , or any other suitable cell line as 15 Immunoì . 17 : 887-892 ( 1987 ) ; Babcook et al . , Proc . Natl . 
known in the art ) ( see , e.g. , www.atcc.org , www.lifetech- Acad . Sci . USA 93 : 7843-7848 ( 1996 ) ) ; gel microdroplet and 
.com , and the like ) , with antibody producing cells , such as , flow cytometry ( Powell et al . , Biotechnol . 8 : 333-337 ( 1990 ) ; 
but not limited to , isolated or cloned spleen , peripheral One Cell Systems , Cambridge , Mass .; Gray et al . , J. Imm . 
blood , lymph , tonsil , or other immune or B cell containing Meth . 182 : 155-163 ( 1995 ) ; Kenny et al . , Bio / Technol . 
cells , or any other cells expressing heavy or light chain 20 13 : 787-790 ( 1995 ) ) ; B - cell selection ( Steenbakkers et al . , 
constant or variable or framework or CDR sequences , either Molec . Biol . Reports 19 : 125-134 ( 1994 ) ; Jonak et al . , Prog 
as endogenous or heterologous nucleic acid , as recombinant ress Biotech , Vol . 5 , In Vitro Immunization in Hybridoma 
or endogenous , viral , bacterial , algal , prokaryotic , amphib- Technology , Borrebaeck , ed . , Elsevier Science Publishers 
ian , insect , reptilian , fish , mammalian , rodent , equine , ovine , B.V. , Amsterdam , Netherlands ( 1988 ) ) . 
goat , sheep , primate , eukaryotic , genomic DNA , cDNA , 25 Methods for engineering or humanizing non - human or 
rDNA , mitochondrial DNA or RNA , chloroplast DNA or human antibodies can also be used and are well known in the 
RNA , hnRNA , mRNA , TRNA , single , double or triple art . Generally , a humanized or engineered antibody has one 
stranded , hybridized , and the like or any combination or more amino acid residues from a source that is non 
thereof . See , e.g. , Ausubel , supra , and Colligan , Immunol- human , e.g. , but not limited to , mouse , rat , rabbit , non 
ogy , supra , chapter 2 , entirely incorporated herein by refer- 30 human primate or other mammal . These non - human amino 

acid residues are replaced by residues often referred to as 
Antibody producing cells can also be obtained from the “ import ” residues , which are typically taken from an 

peripheral blood or , preferably , the spleen or lymph nodes , “ import ” variable , constant or other domain of a known 
of humans or other suitable animals that have been immu human sequence . 
nized with the antigen of interest . Any other suitable host 35 Known human Ig sequences are disclosed , e.g. , 
cell can also be used for expressing heterologous or endog- www.ncbi.nlm.nih.gov/entrez/query.fcgi ; www.ncbi . 
enous nucleic acid encoding an antibody , specified fragment nih.gov/igblast ; www.atcc.org/phage/hdb.html ; 
or variant thereof , of the present invention . The fused cells mrc-cpe.cam.ac.uk/ALIGNMENTS.php ; 
( hybridomas ) or recombinant cells can be isolated using kabatdatabase.com/top.html ; ftp.ncbi.nih.gov/repository/ka 
selective culture conditions or other suitable known meth- 40 bat ; www.sciquest.com ; www.abcam.com ; www.anti 
ods , and cloned by limiting dilution or cell sorting , or other bodyresource.com/onlinecomp.html ; www.public.iasta 
known methods . Cells which produce antibodies with the te.edu/~pedro/research_tools.html ; www.whfreeman.com/ 
desired specificity can be selected by a suitable assay ( e.g. , immunology / CH05 / kuby05.htm ; www.hhmi.org/grants/ 
ELISA ) . lectures / 1996 / vlab ; www.path.cam.ac.uk/~mrc7/ 

Other suitable methods of producing or isolating antibod- 45 mikeimages.html ; mcb.harvard.edu/BioLinks/ 
ies of the requisite specificity can be used , including , but not Immunology.html ; www.immunologylink.com ; 
limited to , methods that select recombinant antibody from a pathbox.wustl.edu/~hcenter/index.html ; www.appliedbio 
peptide or protein library ( e.g. , but not limited to , a bacte- systems.com ; www.nal.usda.gov/awic/pubs/antibody ; 
riophage , ribosome , oligonucleotide , RNA , cDNA , or the www.m.ehime-u.ac.jp/~yasuhito/Elisa.html ; www.biode 
like , display library ; e.g. , as available from Cambridge 50 sign.com ; www.cancerresearchuk.org ; www.biotech.u 
antibody Technologies , Cambridgeshire , UK ; MorphoSys , fl.edu ; www.isac-net.org ; baserv.uci.kun.nl/~jraats/ 
Martinsreid / Planegg , DE ; Biovation , Aberdeen , Scotland , links1.html ; www.recab.uni-hd.de/immuno.bme.nwu.edu ; 
UK ; Biolnvent , Lund , Sweden ; Dyax Corp. , Enzon , Affy- www.mrc-cpe.cam.ac.uk ; www.ibt.unam . 
max / Biosite ; Xoma , Berkeley , Calif .; Ixsys . See , e.g. , EP mx / vir / V_mice.html ; http://www.bioinforg.uk/abs ; 
368,684 , PCT / GB91701134 ; PCT / GB92 / 01755 ; PCT / GB92 / 55 antibody.bath.ac.uk ; www.unizh.ch ; www.cryst.bbk.ac . 
002240 ; PCT / GB92 / 00883 ; PCT / GB93 / 00605 ; U.S. Ser . uk / -ubcg07s ; www.nimr.mrc.ac.uk/CC/ccaewg/ 
No. 08 / 350,260 ( 5/12/94 ) ; PCT / GB94 / 01422 ; PCT / GB94 / ccaewg.html ; www.path.cam.ac.uk/~mrc7/humanisation/ 
02662 ; PCT / GB97 / 01835 ; ( CAT / MRC ) ; W090 / 14443 ; TAHHP.html ; www.ibt.unam.mx/vir/structure/ 
WO90 / 14424 ; WO90 / 14430 ; PCT / US94 / 1234 ; WO92 / stat_aim.html ; www.biosci.missouri.edu/smithgp/ 
18619 ; W096 / 07754 ; ( Scripps ) ; W096 / 13583 , W097 / 60 index.html ; www.jerini.de ; Kabat et al . , Sequences of 
08320 ( MorphoSys ) ; W095 / 16027 ( Biolnvent ) ; W088 / Proteins of Immunological Interest , U.S. Dept. Health 
06630 ; WO90 / 3809 ( Dyax ) ; U.S. Pat . No. 4,704,692 ( 1983 ) , each entirely incorporated herein by reference . 
( Enzon ) ; PCT / US91 / 02989 ( Affymax ) ; W089 / 06283 ; EP Such imported sequences can be used to reduce immu 
371 998 ; EP 550 400 ; ( Xoma ) ; EP 229 046 ; PCT / US91 / nogenicity or reduce , enhance or modify binding , affinity , 
07149 ( Ixsys ) ; or stochastically generated peptides or pro- 65 on - rate , off - rate , avidity , specificity , half - life , or any other 
teins — U.S . Pat . Nos . 5,723,323 , 5,763,192 , 5,814,476 , suitable characteristic , as known in the art . In general , the 
5,817,483 , 5,824,514 , 5,976,862 , WO 86/05803 , EP 590 689 CDR residues are directly and most substantially involved in 

WWW . 
WWW . 
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influencing antigen binding . Accordingly , part or all of the Humanization or engineering of antibodies of the present 
non - human or human CDR sequences are maintained while invention can be performed using any known method , such 
the non - human sequences of the variable and constant as but not limited to those described in , Winter ( Jones et al . , 
regions can be replaced with human or other amino acids . Nature 321 : 522 ( 1986 ) ; Riechmann et al . , Nature 332 : 323 

Antibodies can also optionally be humanized or human 5 ( 1988 ) ; Verhoeyen et al . , Science 239 : 1534 ( 1988 ) ) , Sims et 
antibodies engineered with retention of high affinity for the al . , J. Immunol . 151 : 2296 ( 1993 ) ; Chothia and Lesk , J. Mol . 
antigen and other favorable biological properties . To achieve Biol . 196 : 901 ( 1987 ) , Carter et al . , Proc . Natl . Acad . Sci . 
this goal , humanized ( or human ) antibodies can be option- U.S.A. 89 : 4285 ( 1992 ) ; Presta et al . , J. Immunol . 151 : 2623 
ally prepared by a process of analysis of the parental ( 1993 ) , U.S. Pat . Nos . 5,723,323 , 5,976,862 , 5,824,514 , 
sequences and various conceptual humanized products using 10 5,817,483 , 5,814,476 , 5,763,192 , 5,723,323 , 5,766886 , 
three - dimensional models of the parental and humanized 5714352 , 6204023 , 6180370 , 5693762 , 5530101 , 5585089 , 
sequences . Three - dimensional immunoglobulin models are 5225539 ; 4816567 , PCT / : US98 / 16280 , US96 / 18978 , 
commonly available and are familiar to those skilled in the US91 / 09630 , US91 / 05939 , US94 / 01234 , GB89 / 01334 , 
art . Computer programs are available which illustrate and GB91701134 , GB92 / 01755 ; W090 / 14443 , WO90 / 14424 , 
display probable three - dimensional conformational struc- 15 WO90 / 14430 , EP 229246 , each entirely incorporated herein 
tures of selected candidate immunoglobulin sequences . by reference , included references cited therein . 
Inspection of these displays permits analysis of the likely In certain embodiments , the antibody comprises an 
role of the residues in the functioning of the candidate altered ( e.g. , mutated ) Fc region . For example , in some 
immunoglobulin sequence , i.e. , the analysis of residues that embodiments , the Fc region has been altered to reduce or 
influence the ability of the candidate immunoglobulin to 20 enhance the effector functions of the antibody . In some 
bind its antigen . In this way , framework ( FR ) residues can be embodiments , the Fc region is an isotype selected from IgM , 
selected and combined from the consensus and import IgA , IgG , IgE , or other isotype . Alternatively , or addition 
sequences so that the desired antibody characteristic , such as ally , it can be useful to combine amino acid modifications 
increased affinity for the target antigen ( s ) , is achieved . with one or more further amino acid modifications that alter 

In addition , the human anti - IL - 12 / 23p40 ( or anti - IL - 23 ) 25 Clq binding and / or the complement dependent cytotoxicity 
specific antibody used in the method of the present invention function of the Fc region of an IL - 23 binding molecule . The 
can comprise a human germline light chain framework . In starting polypeptide of particular interest can be one that 
particular embodiments , the light chain germline sequence is binds to Clq and displays complement dependent cytotox 
selected from human VK sequences including , but not icity ( CDC ) . Polypeptides with pre - existing Clq binding 
limited to , A1 , A10 , A11 , A14 , A17 , A18 , A19 , A2 , A20 , 30 activity , optionally further having the ability to mediate 
A23 , A26 , A27 , A3 , A30 , A5 , A7 , B2 , B3 , L1 , L10 , L11 , CDC can be modified such that one or both of these 
L12 , L14 , L15 , L16 , L18 , L19 , L2 , L20 , L22 , L23 , L24 , activities are enhanced . Amino acid modifications that alter 
L25 , L4 / 18a , L5 , L6 , L8 , L9 , 01 , 011 , 012 , 014 , 018 , 02 , Clq and / or modify its complement dependent cytotoxicity 
04 , and 08. In certain embodiments , this light chain human function are described , for example , in W00042072 , which 
germline framework is selected from V1-11 , V1-13 , V1-16 , 35 is hereby incorporated by reference . 
V1-17 , V1-18 , V1-19 , V1-2 , V1-20 , V1-22 , V1-3 , V1-4 , As disclosed above , one can design an Fc region of the 
V1-5 , V1-7 , V1-9 , V2-1 , V2-11 , V2-13 , V2-14 , V2-15 , human anti - IL - 12 / 23p40 ( or anti - IL - 23 ) specific antibody of 
V2-17 , V2-19 , V2-6 , V2-7 , V2-8 , V3-2 , V3-3 , V3-4 , V4-1 , the present invention with altered effector function , e.g. , by 
V4-2 , V4-3 , V4-4 , V4-6 , V5-1 , V5-2 , V5-4 , and V5-6 . modifying Clq binding and / or FcyR binding and thereby 

In other embodiments , the human anti - IL - 12 / 23p40 ( or 40 changing complement dependent cytotoxicity ( CDC ) activ 
anti - IL - 23 ) specific antibody used in the method of the ity and / or antibody - dependent cell - mediated cytotoxicity 
present invention can comprise a human germline heavy ( ADCC ) activity . “ Effector functions ” are responsible for 
chain framework . In particular embodiments , this heavy activating or diminishing a biological activity ( e.g. , in a 
chain human germline framework is selected from VH1-18 , subject ) . Examples of effector functions include , but are not 
VH1-2 , VH1-24 , VH1-3 , VH1-45 , VH1-46 , VH1-58 , VH1- 45 limited to : Clq binding ; CDC ; Fc receptor binding ; ADCC ; 
69 , VH1-8 , VH2-26 , VH2-5 , VH2-70 , VH3-11 , VH3-13 , phagocytosis ; down regulation of cell surface receptors 
VH3-15 , VH3-16 , VH3-20 , VH3-21 , VH3-23 , VH3-30 , ( e.g. , B cell receptor ; BCR ) , etc. Such effector functions can 
VH3-33 , VH3-35 , VH3-38 , VH3-43 , VH3-48 , VH3-49 , require the Fc region to be combined with a binding domain 
VH3-53 , VH3-64 , VH3-66 , VH3-7 , VH3-72 , VH3-73 , ( e.g. , an antibody variable domain ) and can be assessed 
VH3-74 , VH3-9 , VH4-28 , VH4-31 , VH4-34 , VH4-39 , 50 using various assays ( e.g. , Fc binding assays , ADCC assays , 
VH4-4 , VH4-59 , VH4-61 , VH5-51 , VH6-1 , and VH7-81 . CDC assays , etc. ) . 

In particular embodiments , the light chain variable region For example , one can generate a variant Fc region of the 
and / or heavy chain variable region comprises a framework human anti - IL - 12 / 23p40 ( or anti - IL - 23 ) antibody with 
region or at least a portion of a framework region ( e.g. , improved Clq binding and improved FcyRIII binding ( e.g. , 
containing 2 or 3 subregions , such as FR2 and FR3 ) . In 55 having both improved ADCC activity and improved CDC 
certain embodiments , at least FRL1 , FRL2 , FRL3 , or FRL4 activity ) . Alternatively , if it is desired that effector function 
is fully human . In other embodiments , at least FRH1 , FRH2 , be reduced or ablated , a variant Fc region can be engineered 
FRH3 , or FRH4 is fully human . In some embodiments , at with reduced CDC activity and / or reduced ADCC activity . 
least FRL1 , FRL2 , FRL3 , or FRL4 is a germline sequence In other embodiments , only one of these activities can be 
( e.g. , human germline ) or comprises human consensus 60 increased , and , optionally , also the other activity reduced 
sequences for the particular framework ( readily available at ( e.g. , to generate an Fc region variant with improved ADCC 
the sources of known human Ig sequences described above ) . activity , but reduced CDC activity and vice versa ) . 
In other embodiments , at least FRH1 , FRH2 , FRH3 , or Fc mutations can also be introduced in engineer to alter 
FRH4 is a germline sequence ( e.g. , human germline ) or their interaction with the neonatal Fc receptor ( FcRn ) and 
comprises human consensus sequences for the particular 65 improve their pharmacokinetic properties . A collection of 
framework . In preferred embodiments , the framework human Fc variants with improved binding to the FcRn have 
region is a fully human framework region . been described ( Shields et al . , ( 2001 ) . High resolution 
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mapping of the binding site on human IgG1 for FcyRI , Lonberg et al . GB 2 272 440 A , Lonberg et al . Nature 
FcyRII , FcyRIII , and FcRn and design of IgG1 variants with 368 : 856-859 ( 1994 ) , Taylor et al . , Int . Immunol . 6 ( 4 ) 579 
improved binding to the FcyR , J. Biol . Chem . 276 : 6591- 591 ( 1994 ) , Green et al , Nature Genetics 7 : 13-21 ( 1994 ) , 
6604 ) . Mendez et al . , Nature Genetics 15 : 146-156 ( 1997 ) , Taylor et 

Another type of amino acid substitution serves to alter the 5 al . , Nucleic Acids Research 20 ( 23 ) : 6287-6295 ( 1992 ) , 
glycosylation pattern of the Fc region of the human anti- Tuaillon et al . , Proc Natl Acad Sci USA 90 ( 8 ) 3720-3724 
IL - 12 / 23p40 ( or anti - IL - 23 ) specific antibody . Glycosy- ( 1993 ) , Lonberg et al . , Int Rev Immunol 13 ( 1 ) : 65-93 ( 1995 ) 
lation of an Fc region is typically either N - linked or and Fishwald et al . , Nat Biotechnol 14 ( 7 ) : 845-851 ( 1996 ) , 
O - linked . N - linked refers to the attachment of the carbohy- which are each entirely incorporated herein by reference ) . 
drate moiety to the side chain of an asparagine residue . 10 Generally , these mice comprise at least one transgene com 
O - linked glycosylation refers to the attachment of one of the prising DNA from at least one human immunoglobulin locus 
sugars N - aceylgalactosamine , galactose , or xylose to a that is functionally rearranged , or which can undergo func 
hydroxyamino acid , most commonly serine or threonine , tional rearrangement . The endogenous immunoglobulin loci 
although 5 - hydroxyproline or 5 - hydroxylysine can also be in such mice can be disrupted or deleted to eliminate the 
used . The recognition sequences for enzymatic attachment 15 capacity of the animal to produce antibodies encoded by 
of the carbohydrate moiety to the asparagine side chain endogenous genes . 
peptide sequences are asparagine - X - serine and asparagine- Screening antibodies for specific binding to similar pro 
X - threonine , where X is any amino acid except proline . teins or fragments can be conveniently achieved using 
Thus , the presence of either of these peptide sequences in a peptide display libraries . This method involves the screening 
polypeptide creates a potential glycosylation site . 20 of large collections of peptides for individual members 

The glycosylation pattern can be altered , for example , by having the desired function or structure . Antibody screening 
deleting one or more glycosylation site ( s ) found in the of peptide display libraries is well known in the art . The 
polypeptide , and / or adding one or more glycosylation sites displayed peptide sequences can be from 3 to 5000 or more 
that are not present in the polypeptide . Addition of glyco- amino acids in length , frequently from 5-100 amino acids 
sylation sites to the Fc region of a human IL - 23 specific 25 long , and often from about 8 to 25 amino acids long . In 
antibody is conveniently accomplished by altering the amino addition to direct chemical synthetic methods for generating 
acid sequence such that it contains one or more of the peptide libraries , several recombinant DNA methods have 
above - described tripeptide sequences ( for N - linked glyco- been described . One type involves the display of a peptide 
sylation sites ) . An exemplary glycosylation variant has an sequence on the surface of a bacteriophage or cell . Each 
amino acid substitution of residue Asn 297 of the heavy 30 bacteriophage or cell contains the nucleotide sequence 
chain . The alteration can also be made by the addition of , or encoding the particular displayed peptide sequence . Such 
substitution by , one or more serine or threonine residues to methods are described in PCT Patent Publication Nos . 
the sequence of the original polypeptide ( for O - linked 91/17271 , 91/18980 , 91/19818 , and 93/08278 . 
glycosylation sites ) . Additionally , a change of Asn 297 to Other systems for generating libraries of peptides have 
Ala can remove one of the glycosylation sites . 35 aspects of both in vitro chemical synthesis and recombinant 

In certain embodiments , the human anti - IL - 12 / 23p40 ( or methods . See , PCT Patent Publication Nos . 92/05258 , 
anti - IL - 23 ) specific antibody of the present invention is 92/14843 , and 96/19256 . See also , U.S. Pat . Nos . 5,658,754 ; 
expressed in cells that express beta ( 1,4 ) -N - acetylglu- and 5,643,768 . Peptide display libraries , vector , and screen 
cosaminyltransferase III ( GnT III ) , such that GnT III adds ing kits are commercially available from such suppliers as 
GlcNAc to the human anti - IL - 12 / 23p40 ( or anti - IL - 23 ) 40 Invitrogen ( Carlsbad , Calif . ) , and Cambridge antibody Tech 
antibody . Methods for producing antibodies in such a fash- nologies ( Cambridgeshire , UK ) . See , e.g. , U.S. Pat . Nos . 
ion are provided in WO / 9954342 , WO / 03011878 , patent 4,704,692 , 4,939,666 , 4,946,778 , 5,260,203 , 5,455,030 , 
publication 20030003097A1 , and Umana et al . , Nature 5,518,889 , 5,534,621 , 5,656,730 , 5,763,733 , 5,767,260 , 
Biotechnology , 17 : 176-180 , February 1999 ; all of which are 5,856,456 , assigned to Enzon ; U.S. Pat . Nos . 5,223,409 , 
herein specifically incorporated by reference in their entire- 45 5,403,484 , 5,571,698 , 5,837,500 , assigned to Dyax , 
ties . 5427908 , 5580717 , assigned to Affymax ; 5885793 , assigned 

The human anti - IL - 12 / 23p40 ( or anti - IL - 23 ) antibody can to Cambridge antibody Technologies ; 5750373 , assigned to 
also be optionally generated by immunization of a trans- Genentech , 5618920 , 5595898 , 5576195 , 5698435 , 
genic animal ( e.g. , mouse , rat , hamster , non - human primate , 5693493 , 5698417 , assigned to Xoma , Colligan , supra ; 
and the like ) capable of producing a repertoire of human 50 Ausubel , supra ; or Sambrook , supra , each of the above 
antibodies , as described herein and / or as known in the art . patents and publications entirely incorporated herein by 
Cells that produce a human anti - IL - 12 / 23p40 ( or anti - IL - 23 ) reference . 
antibody can be isolated from such animals and immortal- Antibodies used in the method of the present invention 
ized using suitable methods , such as the methods described can also be prepared using at least one anti - IL - 12 / 23p40 ( or 
herein . 55 anti - IL - 23 ) antibody encoding nucleic acid to provide trans 

Transgenic mice that can produce a repertoire of human genic animals or mammals , such as goats , cows , horses , 
antibodies that bind to human antigens can be produced by sheep , rabbits , and the like , that produce such antibodies in 
known methods ( e.g. , but not limited to , U.S. Pat . Nos . their milk . Such animals can be provided using known 
5,770,428 , 5,569,825 , 5,545,806 , 5,625,126 , 5,625,825 , methods . See , e.g. , but not limited to , U.S. Pat . Nos . 5,827 , 
5,633,425 , 5,661,016 and 5,789,650 issued to Lonberg et al .; 60 690 ; 5,849,992 ; 4,873,316 ; 5,849,992 ; 5,994,616 ; 5,565 , 
Jakobovits et al . WO 98/50433 , Jakobovits et al . WO 362 ; 5,304,489 , and the like , each of which is entirely 
98/24893 , Lonberg et al . WO 98/24884 , Lonberg et al . WO incorporated herein by reference . 
97/13852 , Lonberg et al . WO 94/25585 , Kucherlapate et al . Antibodies used in the method of the present invention 
WO 96/34096 , Kucherlapate et al . EP 0463 151 B1 , Kucher- can additionally be prepared using at least one anti - IL - 12 / 
lapate et al . EP 0710 719 A1 , Surani et al . U.S. Pat . No. 65 23p40 ( or anti - IL - 23 ) antibody encoding nucleic acid to 
5,545,807 , Bruggemann et al . WO 90/04036 , Bruggemann provide transgenic plants and cultured plant cells ( e.g. , but 
et al . EP 0438 474 B1 , Lonberg et al . EP 0814 259 A2 , not limited to , tobacco and maize ) that produce such anti 
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bodies , specified portions or variants in the plant parts or in by the constructs will preferably include a translation initi 
cells cultured therefrom . As a non - limiting example , trans- ating at the beginning and a termination codon ( e.g. , UAA , 
genic tobacco leaves expressing recombinant proteins have UGA or UAG ) appropriately positioned at the end of the 
been succe ccessfully used to provide large amounts of recom- mRNA to be translated , with UAA and UAG preferred for 
binant proteins , e.g. , using an inducible promoter . See , e.g. , 5 mammalian or eukaryotic cell expression . 
Cramer al . , Curr . Top . Microbol . Immunol . 240 : 95-118 Expression vectors will preferably but optionally include 
( 1999 ) and references cited therein . Also , transgenic maize at least one selectable marker . Such markers include , e.g. , 
have been used to express mammalian proteins at commer- but are not limited to , methotrexate ( MTX ) , dihydrofolate 
cial production levels , with biological activities equivalent reductase ( DHFR , U.S. Pat . Nos . 4,399,216 ; 4,634,665 ; 
to those produced in other recombinant systems or purified 10 4,656,134 ; 4,956,288 ; 5,149,636 ; 5,179,017 , ampicillin , 
from natural sources . See , e.g. , Hood et al . , Adv . Exp . Med . neomycin ( G418 ) , mycophenolic acid , or glutamine syn 
Biol . 464 : 127-147 ( 1999 ) and references cited therein . Anti- thetase ( GS , U.S. Pat . Nos . 5,122,464 ; 5,770,359 ; 5,827 , 
bodies have also been produced in large amounts from 739 ) resistance for eukaryotic cell culture , and tetracycline 
transgenic plant seeds including antibody fragments , such as or ampicillin resistance genes for culturing in E. coli and 
single chain antibodies ( scFv’s ) , including tobacco seeds 15 other bacteria or prokaryotics ( the above patents are entirely 
and potato tubers . See , e.g. , Conrad et al . , Plant Mol . Biol . incorporated hereby by reference ) . Appropriate culture 
38 : 101-109 ( 1998 ) and references cited therein . Thus , anti- mediums and conditions for the above - described host cells 
bodies of the present invention can also be produced using are known in the art . Suitable vectors will be readily 
transgenic plants , according to known methods . See also , apparent to the skilled artisan . Introduction of a vector 
e.g. , Fischer et al . , Biotechnol . Appl . Biochem . 30 : 99-108 20 construct into a host cell can be effected by calcium phos 
( October , 1999 ) , Ma et al . , Trends Biotechnol . 13 : 522-7 phate transfection , DEAE - dextran mediated transfection , 
( 1995 ) ; Ma et al . , Plant Physiol . 109 : 341-6 ( 1995 ) ; White- cationic lipid - mediated transfection , electroporation , trans 
lam et al . , Biochem . Soc . Trans . 22 : 940-944 ( 1994 ) ; and duction , infection or other known methods . Such methods 
references cited therein . Each of the above references is are described in the art , such as Sambrook , supra , Chapters 
entirely incorporated herein by reference . 25 1-4 and 16-18 ; Ausubel , supra , Chapters 1 , 9 , 13 , 15 , 16 . 

The antibodies used in the method of the invention can At least one antibody used in the method of the present 
bind human IL - 12 / IL - 23p40 or IL - 23 with a wide range of invention can be expressed in a modified form , such as a 
affinities ( KD ) . In a preferred embodiment , a human mAb fusion protein , and can include not only secretion signals , 
can optionally bind human IL - 12 / IL - 23p40 or IL - 23 with but also additional heterologous functional regions . For 
high affinity . For example , a human mAb can bind human 30 instance , a region of additional amino acids , particularly 
IL - 12 / IL - 23p40 or IL - 23 with a KD equal to or less than charged amino acids , can be added to the N - terminus of an 
about 10-7 M , such as but not limited to , 0.1-9.9 ( or any antibody to improve stability and persistence in the host cell , 
range or value therein ) x10-7 , 10-8 , 10-9 , 10-10 , 10-11 , during purification , or during subsequent handling and stor 
10-12 , 10-13 or any range or value therein . age . Also , peptide moieties can be added to an antibody of 
The affinity or avidity of an antibody for an antigen can 35 the present invention to facilitate purification . Such regions 

be determined experimentally using any suitable method . can be removed prior to final preparation of an antibody or 
( See , for example , Berzofsky , et al . , " Antibody - Antigen at least one fragment thereof . Such methods are described in 
Interactions , " In Fundamental Immunology , Paul , W. E. , many standard laboratory manuals , such as Sambrook , 
Ed . , Raven Press : New York , N.Y. ( 1984 ) ; Kuby , Janis supra , Chapters 17.29-17.42 and 18.1-18.74 ; Ausubel , supra , 
Immunology , W. H. Freeman and Company : New York , N.Y. 40 Chapters 16 , 17 and 18 . 
( 1992 ) ; and methods described herein ) . The measured affin- Those of ordinary skill in the art are knowledgeable in the 
ity of a particular antibody - antigen interaction can vary if numerous expression systems available for expression of a 
measured under different conditions ( e.g. , salt concentration , nucleic acid encoding a protein used in the method of the 
pH ) . Thus , measurements of affinity and other antigen- present invention . Alternatively , nucleic acids can be 
binding parameters ( e.g. , KD , Ka , Kd ) are preferably made 45 expressed in a host cell by turning on ( by manipulation ) in 
with standardized solutions of antibody and antigen , and a a host cell that contains endogenous DNA encoding an 
standardized buffer , such as the buffer described herein . antibody . Such methods are well known in the art , e.g. , as 

Vectors and Host Cells described in U.S. Pat . Nos . 5,580,734,5,641,670 , 5,733,746 , 
The present invention also relates to vectors that include and 5,733,761 , entirely incorporated herein by reference . 

isolated nucleic acid molecules , host cells that are geneti- 50 Illustrative of cell cultures useful for the production of the 
cally engineered with the recombinant vectors , and the antibodies , specified portions or variants thereof , are mam 
production of at least one anti - IL - 12 / IL - 23p40 antibody by malian cells . Mammalian cell systems often will be in the 
recombinant techniques , as is well known in the art . See , form of monolayers of cells although mammalian cell sus 
e.g. , Sambrook , et al . , supra ; Ausubel , et al . , supra , each pensions or bioreactors can also be used . A number of 
entirely incorporated herein by reference . 55 suitable host cell lines capable of expressing intact glyco 

The polynucleotides can optionally be joined to a vector sylated proteins have been developed in the art , and include 
containing a selectable marker for propagation in a host . the COS - 1 ( e.g. , ATCC CRL 1650 ) , COS - 7 ( e.g. , ATCC 
Generally , a plasmid vector is introduced in a precipitate , CRL - 1651 ) , HEK293 , BHK21 ( e.g. , ATCC CRL - 10 ) , CHO 
such as a calcium phosphate precipitate , or in a complex ( e.g. , ATCC CRL 1610 ) and BSC - 1 ( e.g. , ATCC CRL - 26 ) 
with a charged lipid . If the vector is a virus , it can be 60 cell lines , Cos - 7 cells , CHO cells , hep G2 cells , 
packaged in vitro using an appropriate packaging cell line P3X63Ag8.653 , SP2 / 0 - Ag14 , 293 cells , HeLa cells and the 
and then transduced into host cells . like , which are readily available from , for example , Ameri 

The DNA insert should be operatively linked to an can Type Culture Collection , Manassas , Va . ( www.atcc.org ) . 
appropriate promoter . The expression constructs will further Preferred host cells include cells of lymphoid origin , such as 
contain sites for transcription initiation , termination and , in 65 myeloma and lymphoma cells . Particularly preferred host 
the transcribed region , a ribosome binding site for transla- cells are P3X63Ag8.653 cells ( ATCC Accession Number 
tion . The coding portion of the mature transcripts expressed CRL - 1580 ) and SP2 / 0 - Ag14 cells ( ATCC Accession Num 
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ber CRL - 1851 ) . In a particularly preferred embodiment , the further optionally comprising at least one substitution , inser 
recombinant cell is a P3X63Ab8.653 or a SP2 / 0 - Ag14 cell . tion or deletion ) , a heavy chain or light chain constant 

Expression vectors for these cells can include one or more region , ( e.g. , comprising at least one CH1 , hingel , hinge2 , 
of the following expression control sequences , such as , but hinge3 , hinge4 , CH2 , or CH3 or fragment thereof , further 
not limited to , an origin of replication ; a promoter ( e.g. , late 5 optionally comprising at least one substitution , insertion or 
or early SV40 promoters , the CMV promoter ( U.S. Pat . Nos . deletion ) , or any portion thereof , that can be incorporated 
5,168,062 ; 5,385,839 ) , an HSV tk promoter , a pgk ( phos into an antibody . An antibody can include or be derived from phoglycerate kinase ) promoter , an EF - 1 alpha promoter any mammal , such as but not limited to , a human , a mouse , ( U.S. Pat . No. 5,266,491 ) , at least one human immunoglobu a rabbit , a rat , a rodent , a primate , or any combination lin promoter ; an enhancer , and / or processing information 10 thereof , and the like . sites , such as ribosome binding sites , RNA splice sites , Preferably , the human antibody or antigen - binding frag polyadenylation sites ( e.g. , an SV40 large T Ag poly A 
addition site ) , and transcriptional terminator sequences . See , ment binds human IL - 12 / IL - 23p40 or IL - 23 and , thereby , 
e.g. , Ausubel et al . , supra ; Sambrook , et al . , supra . Other partially or substantially neutralizes at least one biological 
cells useful for production of nucleic acids or proteins of the 15 activity of the protein . An antibody , or specified portion or 
present invention are known and / or available , for instance , variant thereof , that partially or preferably substantially 
from the American Type Culture Collection Catalogue of neutralizes at least one biological activity of at least one 
Cell Lines and Hybridomas ( www.atcc.org ) or other known IL - 12 / IL - 23p40 or IL - 23 protein or fragment can bind the 
or commercial sources . protein or fragment and thereby inhibit activities mediated 
When eukaryotic host cells are employed , polyadenlya- 20 through the binding of IL - 12 / IL - 23p40 or IL - 23 to the IL - 12 

tion or transcription terminator sequences are typically and / or IL - 23 receptor or through other IL - 12 / IL - 23p40 or 
incorporated into the vector . An example of a terminator IL - 23 - dependent or mediated mechanisms . As used herein , 
sequence is the polyadenlyation sequence from the bovine the term “ neutralizing antibody ” refers to an antibody that 
growth hormone gene . Sequences for accurate splicing of can inhibit an IL - 12 / IL - 23p40 or IL - 23 - dependent activity 
the transcript can also be included . An example of a splicing 25 by about 20-120 % , preferably by at least about 10 , 20 , 30 , 
sequence is the VP1 intron from SV40 ( Sprague , et al . , J. 40 , 50 , 55 , 60 , 65 , 70 , 75 , 80 , 85 , 90 , 91 , 92 , 93 , 94 , 95 , 96 , 
Virol . 45 : 773-781 ( 1983 ) ) . Additionally , gene sequences to 97 , 98 , 99 , 100 % or more depending on the assay . The 
control replication in the host cell can be incorporated into capacity of an anti - IL - 12 / IL - 23p40 or IL - 23 antibody to 
the vector , as known in the art . inhibit an IL - 12 / IL - 23p40 or IL - 23 - dependent activity is 

Purification of an Antibody 30 preferably assessed by at least one suitable IL - 12 / IL - 23p40 
An anti - IL - 12 / IL - 23p40 or IL - 23 antibody can be recov- or IL - 23 protein or receptor assay , as described herein and / or 

ered and purified from recombinant cell cultures by well- as known in the art . A human antibody can be of any class 
known methods including , but not limited to , protein A ( IgG , IgA , IgM , IgE , IgD , etc. ) or isotype and can comprise 
purification , ammonium sulfate or ethanol precipitation , a kappa or lambda light chain . In one embodiment , the 
acid extraction , anion or cation exchange chromatography , 35 human antibody comprises an IgG heavy chain or defined 
phosphocellulose chromatography , hydrophobic interaction fragment , for example , at least one of isotypes , IgG1 , IgG2 , 
chromatography , affinity chromatography , hydroxylapatite IgG3 or IgG4 ( e.g. , y1 , y2 , 73 , 74 ) . Antibodies of this type 
chromatography and lectin chromatography . High perfor- can be prepared by employing a transgenic mouse or other 
mance liquid chromatography ( “ HPLC ” ) can also be trangenic non - human mammal comprising at least one 
employed for purification . See , e.g. , Colligan , Current Pro- 40 human light chain ( e.g. , IgG , IgA , and IgM ) transgenes as 
tocols in Immunology , or Current Protocols in Protein described herein and / or as known in the art . In another 
Science , John Wiley & Sons , NY , N.Y. , ( 1997-2001 ) , e.g. , embodiment , the anti - IL - 23 human antibody comprises an 
Chapters 1 , 4 , 6 , 8 , 9 , 10 , each entirely incorporated herein IgG1 heavy chain and an IgG1 light chain . 
by reference . An antibody binds at least one specified epitope specific 

Antibodies used in the method of the present invention 45 to at least one IL - 12 / IL - 23p40 or IL - 23 protein , subunit , 
include naturally purified products , products of chemical fragment , portion or any combination thereof . The at least 
synthetic procedures , and products produced by recombi- one epitope can comprise at least one antibody binding 
nant techniques from a eukaryotic host , including , for region that comprises at least one portion of the protein , 
example , yeast , higher plant , insect and mammalian cells . which epitope is preferably comprised of at least one extra 
Depending upon the host employed in a recombinant pro- 50 cellular , soluble , hydrophillic , external or cytoplasmic por 
duction procedure , the antibody can be glycosylated or can tion of the protein . 
be non - glycosylated , with glycosylated preferred . Such Generally , the human antibody or antigen - binding frag 
methods are described in many standard laboratory manuals , ment will comprise an antigen - binding region that comprises 
such as Sambrook , supra , Sections 17.37-17.42 ; Ausubel , at least one human complementarity determining region 
supra , Chapters 10 , 12 , 13 , 16 , 18 and 20 , Colligan , Protein 55 ( CDR1 , CDR2 and CDR3 ) or variant of at least one heavy 
Science , supra , Chapters 12-14 , all entirely incorporated chain variable region and at least one human complemen 
herein by reference . tarity determining region ( CDR1 , CDR2 and CDR3 ) or 

Anti - IL - 12 / IL - 23p40 or IL - 23 Antibodies variant of at least one light chain variable region . The CDR 
An anti - IL - 12 / IL - 23p40 or IL - 23 antibody according to sequences can be derived from human germline sequences 

the present invention includes any protein or peptide con- 60 or closely match the germline sequences . For example , the 
taining molecule that comprises at least a portion of an CDRs from a synthetic library derived from the original 
immunoglobulin molecule , such as but not limited to , at non - human CDRs can be used . These CDRs can be formed 
least one ligand binding portion ( LBP ) , such as but not by incorporation of conservative substitutions from the 
limited to , a complementarity determining region ( CDR ) of original non - human sequence . In another particular embodi 
a heavy or light chain or a ligand binding portion thereof , a 65 ment , the antibody or antigen - binding portion or variant can 
heavy chain or light chain variable region , a framework have an antigen - binding region that comprises at least a 
region ( e.g. , FR1 , FR2 , FR3 , FR4 or fragment thereof , portion of at least one light chain CDR ( i.e. , CDR1 , CDR2 
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and / or CDR3 ) having the amino acid sequence of the asparagine ( N ) , glutamine ( Q ) , serine ( S ) , threonine ( T ) , 
corresponding CDRs 1 , 2 and / or 3 . tyrosine ( Y ) , K , R , H , D and E ; alanine ( A ) , valine ( V ) , 

Such antibodies can be prepared by chemically joining leucine ( L ) , isoleucine ( I ) , proline ( P ) , phenylalanine ( F ) , 
together the various portions ( e.g. , CDRs , framework ) of the tryptophan ( W ) , methionine ( M ) , cysteine ( C ) and glycine 
antibody using conventional techniques , by preparing and 5 ( G ) ; F , W and Y ; C , S and T. 
expressing a ( i.e. , one or more ) nucleic acid molecule that Antibodies that bind to human IL - 12 / IL - 23p40 or IL - 23 
encodes the antibody using conventional techniques of and that comprise a defined heavy or light chain variable 
recombinant DNA technology or by using any other suitable region can be prepared using suitable methods , such as 
method . phage display ( Katsube , Y. , et al . , Int J Mol . Med , 1 ( 5 ) : 863 

In one embodiment , an anti - IL - 12 / 23p40 antibody useful 10 868 ( 1998 ) ) or methods that employ transgenic animals , as 
for the invention is a monoclonal antibody , preferably a known in the art and / or as described herein . For example , a 
human mAb , comprising heavy chain complementarity transgenic mouse , comprising a functionally rearranged 
determining regions ( CDRs ) HCDR1 , HCDR2 , and HCDR3 human immunoglobulin heavy chain transgene and a trans 
of SEQ ID NOs : 1 , 2 , and 3 , respectively ; and light chain gene comprising DNA from a human immunoglobulin light 
CDRs LCDR1 , LCDR2 , and LCDR3 , of SEQ ID NOs : 4 , 5 , 15 chain locus that can undergo functional rearrangement , can 
and 6 , respectively . be immunized with human IL - 12 / IL - 23p40 or IL - 23 or a 

The anti - IL - 12 / IL - 23p40 or IL - 23 specific antibody can fragment thereof to elicit the production of antibodies . If 
comprise at least one of a heavy or light chain variable desired , the antibody producing cells can be isolated and 
region having a defined amino acid sequence . For example , hybridomas or other immortalized antibody - producing cells 
in a preferred embodiment , the anti - IL - 12 / IL - 23p40 or 20 can be prepared as described herein and / or as known in the 
IL - 23 antibody comprises an anti - IL - 12 / IL - 23p40 antibody art . Alternatively , the antibody , specified portion or variant 
with a heavy chain variable region comprising an amino acid can be expressed using the encoding nucleic acid or portion 
sequence at least 85 % , preferably at least 90 % , more pref- thereof in a suitable host cell . 
erably at least 95 % , and most preferably 100 % identical to An anti - IL - 12 / IL - 23p40 or IL - 23 antibody used in the 
SEQ ID NO : 7 , and a light chain variable region comprising 25 method of the present invention can include one or more 
an amino acid sequence at least 85 % , preferably at least amino acid substitutions , deletions or additions , either from 
90 % , more preferably at least 95 % , and most preferably natural mutations or human manipulation , as specified 
100 % identical to SEQ ID NO : 8 . herein . 
The anti - IL - 12 / IL - 23p40 or IL - 23 specific antibody can The number of amino acid substitutions a skilled artisan 

also comprise at least one of a heavy or light chain having 30 would make depends on many factors , including those 
a defined amino acid sequence . In another preferred embodi- described above . Generally speaking , the number of amino 
ment , the anti - IL - 12 / IL - 23p40 or IL - 23 antibody comprises acid substitutions , insertions or deletions for any given 
an anti - IL - 12 / IL - 23p40 antibody with a heavy chain com- anti - IL - 12 / IL - 23p40 or IL - 23 antibody , fragment or variant 
prising an amino acid sequence at least 85 % , preferably at will not be more than 40 , 30 , 20 , 19 , 18 , 17 , 16 , 15 , 14 , 13 , 
least 90 % , more preferably at least 95 % , and most prefer- 35 12 , 11 , 10 , 9 , 8 , 7 , 6 , 5 , 4 , 3 , 2 , 1 , such as 1-30 or any range 
ably 100 % identical to SEQ ID NO : 10 , and a light chain or value therein , as specified herein . 
variable region comprising an amino acid sequence at least Amino acids in an anti - IL - 12 / IL - 23p40 or IL - 23 specific 
85 % , preferably at least 90 % , more preferably at least 95 % , antibody that are essential for function can be identified by 
and most preferably 100 % identical to SEQ ID NO : 11 . methods known in the art , such as site - directed mutagenesis 

Preferably , the anti - IL - 12 / 23p40 antibody is ustekinumab 40 or alanine - scanning mutagenesis ( e.g. , Ausubel , supra , 
( Stelara® ) , comprising a heavy chain having the amino acid Chapters 8 , 15 ; Cunningham and Wells , Science 244 : 1081 
sequence of SEQ ID NO : 10 and a light chain comprising the 1085 ( 1989 ) ) . The latter procedure introduces single alanine 
amino acid sequence of SEQ ID NO : 11. Other examples of mutations at every residue in the molecule . The resulting 
anti - IL 12 / 23p40 antibodies useful for the invention include , mutant molecules are then tested for biological activity , such 
but are not limited to , Briakinumab ( ABT - 874 , Abbott ) and 45 as , but not limited to , at least one IL - 12 / IL - 23p40 or IL - 23 
other antibodies described in U.S. Pat . Nos . 6,914,128 , neutralizing activity . Sites that are critical for antibody 
7,247,711 , 7,700,739 , the entire contents of which are incor- binding can also be identified by structural analysis , such as 
porated herein by reference ) . crystallization , nuclear magnetic resonance or photoaffinity 

The invention also relates to antibodies , antigen - binding labeling ( Smith , et al . , J. Mol . Biol . 224 : 899-904 ( 1992 ) and 
fragments , immunoglobulin chains and CDRs comprising 50 de Vos , et al . , Science 255 : 306-312 ( 1992 ) ) . 
amino acids in a sequence that is substantially the same as Anti - IL - 12 / IL - 23p40 or IL - 23 antibodies can include , but 
an amino acid sequence described herein . Preferably , such are not limited to , at least one portion , sequence or combi 
antibodies or antigen - binding fragments and antibodies nation selected from 5 to all of the contiguous amino acids 
comprising such chains or CDRs can bind human IL - 12 / IL- of at least one of SEQ ID NOs 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 10 , or 
23p40 or IL - 23 with high affinity ( e.g. , KD less than or equal 55 11 . 
to about 10 - PM ) . Amino acid sequences that are substan- IL - 12 / IL - 23p40 or IL - 23 antibodies or specified portions 
tially the same as the sequences described herein include or variants can include , but are not limited to , at least one 
sequences comprising conservative amino acid substitu portion , sequence or combination selected from at least 3-5 
tions , as well as amino acid deletions and / or insertions . A contiguous amino acids of the SEQ ID NOs above ; 5-17 
conservative amino acid substitution refers to the replace- 60 contiguous amino acids of the SEQ ID NOs above , 5-10 
ment of a first amino acid by a second amino acid that has contiguous amino acids of the SEQ ID NOs above , 5-11 
chemical and / or physical properties ( e.g. , charge , structure , contiguous amino acids of the SEQ ID NOs above , 5-7 
polarity , hydrophobicity / hydrophilicity ) that are similar to contiguous amino acids of the SEQ ID NOs above ; 5-9 
those of the first amino acid . Conservative substitutions contiguous amino acids of the SEQ ID NOs above . 
include , without limitation , replacement of one amino acid 65 An anti - IL - 12 / IL - 23p40 or IL - 23 antibody can further 
by another within the following groups : lysine ( K ) , arginine optionally comprise a polypeptide of at least one of 
( R ) and histidine ( H ) ; aspartate ( D ) and glutamate ( E ) ; 70-100 % of 5 , 17 , 10 , 11 , 7 , 9 , 119 , 108 , 449 , or 214 
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contiguous amino acids of the SEQ ID NOs above . In one can be any integer selected from the group consisting of 
embodiment , the amino acid sequence of an immunoglobu- from 1 to 20 , such as at least 2 , 3 , 4 , or 5 . 
lin chain , or portion thereof ( e.g. , variable region , CDR ) has As those of skill will appreciate , the present invention 
about 70-100 % identity ( e.g. , 70 , 71 , 72 , 73 , 74 , 75 , 76 , 77 , includes at least one biologically active antibody of the 
78 , 79 , 80 , 81 , 82 , 83 , 84 , 85 , 86 , 87 , 88 , 89 , 90 , 91 , 92 , 93 , 5 present invention . Biologically active antibodies have a 
94 , 95 , 96 , 97 , 98 , 99 , 100 or any range or value therein ) to specific activity at least 20 % , 30 % , or 40 % , and , preferably , 
the amino acid sequence of the corresponding chain of at at least 50 % , 60 % , or 70 % , and , most preferably , at least 
least one of the SEQ ID NOs above . For example , the amino 80 % , 90 % , or 95 % -100 % or more ( including , without limi 
acid sequence of a light chain variable region can be tation , up to 10 times the specific activity ) of that of the 
compared with the sequence of the SEQ ID NOs above , or 10 native ( non - synthetic ) , endogenous or related and known 

antibody . Methods of assaying and quantifying measures of the amino acid sequence of a heavy chain CDR3 can be enzymatic activity and substrate specificity are well known compared with the SEQ ID NOs above . Preferably , 70-100 % to those of skill in the art . amino acid identity ( i.e. , 90 , 91 , 92 , 93 , 94 , 95 , 96 , 97 , 98 , In another aspect , the invention relates to human antibod 99 , 100 or any range or value therein ) is determined using 15 ies and antigen - binding fragments , as described herein , 
a suitable computer algorithm , as known in the art . which are modified by the covalent attachment of an organic 

“ Identity , ” as known in the art , is a relationship between moiety . Such modification can produce an antibody or 
two or more polypeptide sequences or two or more poly- antigen - binding fragment with improved pharmacokinetic 
nucleotide sequences , as determined by comparing the properties ( e.g. , increased in vivo serum half - life ) . The 
sequences . In the art , “ identity ” also means the degree of 20 organic moiety can be a linear or branched hydrophilic 
sequence relatedness between polypeptide or polynucleotide polymeric group , fatty acid group , or fatty acid ester group . 
sequences , as determined by the match between strings of In particular embodiments , the hydrophilic polymeric group 
such sequences . can have a molecular weight of about 800 to about 120,000 

“ Identity ” and “ similarity ” can be readily calculated by Daltons and can be a polyalkane glycol ( e.g. , polyethylene 
known methods , including , but not limited to , those 25 glycol ( PEG ) , polypropylene glycol ( PPG ) ) , carbohydrate 
described in Computational Molecular Biology , Lesk , A. M. , polymer , amino acid polymer or polyvinyl pyrolidone , and 
ed . , Oxford University Press , New York , 1988 ; Biocom- the fatty acid or fatty acid ester group can comprise from 
puting : Informatics and Genome Projects , Smith , D. W. , ed . , about eight to about forty carbon atoms . 
Academic Press , New York , 1993 ; Computer Analysis of The modified antibodies and antigen - binding fragments 
Sequence Data , Part I , Griffin , A. M. , and Griffin , H. G. , eds . , 30 can comprise one or more organic moieties that are cova 
Humana Press , New Jersey , 1994 ; Sequence Analysis in lently bonded , directly or indirectly , to the antibody . Each 
Molecular Biology , von Heinje , G. , Academic Press , 1987 ; organic moiety that is bonded to an antibody or antigen 
and Sequence Analysis mer , Gribskov , M. and Devereux , binding fragment of the invention can independently be a 
J. , eds . , M Stockton Press , New York , 1991 ; and Carillo , H. , hydrophilic polymeric group , a fatty acid group or a fatty 
and Lipman , D. , Siam J. Applied Math . , 48 : 1073 ( 1988 ) . In 35 acid ester group . As used herein , the term “ fatty acid ” 
addition , values for percentage identity can be obtained from encompasses mono - carboxylic acids and di - carboxylic 
amino acid and nucleotide sequence alignments generated acids . A “ hydrophilic polymeric group , ” as the term is used 
using the default settings for the AlignX component of herein , refers to an organic polymer that is more soluble in 
Vector NTI Suite 8.0 ( Informax , Frederick , Md . ) . water than in octane . For example , polylysine is more 

Preferred methods to determine identity are designed to 40 soluble in water than in octane . Thus , an antibody modified 
give the largest match between the sequences tested . Meth- by the covalent attachment of polylysine is encompassed by 
ods to determine identity and similarity are codified in the invention . Hydrophilic polymers suitable for modifying 
publicly available computer programs . Preferred computer antibodies of the invention can be linear or branched and 
program methods to determine identity and similarity include , for example , polyalkane glycols ( e.g. , PEG , 
between two sequences include , but are not limited to , the 45 monomethoxy - polyethylene glycol ( MPEG ) , PPG and the 
GCG program package ( Devereux , J. , et al . , Nucleic Acids like ) , carbohydrates ( e.g. , dextran , cellulose , oligosaccha 
Research 12 ( 1 ) : 387 ( 1984 ) ) , BLASTP , BLASTN , and rides , polysaccharides and the like ) , polymers of hydrophilic 
FASTA ( Atschul , S. F. et al . , J. Molec . Biol . 215 : 403-410 amino acids ( e.g. , polylysine , polyarginine , polyaspartate 
( 1990 ) ) . The BLAST X program is publicly available from and the like ) , polyalkane oxides ( e.g. , polyethylene oxide , 
NCBI and other sources ( BLAST Manual , Altschul , S. , et 50 polypropylene oxide and the like ) and polyvinyl pyrolidone . 
al . , NCBINLM NIH Bethesda , Md . 20894 : Altschul , S. , et Preferably , the hydrophilic polymer that modifies the anti 
al . , J. Mol . Biol . 215 : 403-410 ( 1990 ) . The well - known body of the invention has a molecular weight of about 800 
Smith Waterman algorithm can also be used to determine to about 150,000 Daltons as a separate molecular entity . For 
identity . example , PEG5000 and PEG20,000 , wherein the subscript is 

Exemplary heavy chain and light chain variable regions 55 the average molecular weight of the polymer in Daltons , can 
sequences and portions thereof are provided in the SEQ ID be used . The hydrophilic polymeric group can be substituted 
NOs above . The antibodies of the present invention , or with one to about six alkyl , fatty acid or fatty acid ester 
specified variants thereof , can comprise any number of groups . Hydrophilic polymers that are substituted with a 
contiguous amino acid residues from an antibody of the fatty acid or fatty acid ester group can be prepared by 
present invention , wherein that number is selected from the 60 employing suitable methods . For example , a polymer com 
group of integers consisting of from 10-100 % of the number prising an amine group can be coupled to a carboxylate of 
of contiguous residues in an anti - IL - 12 / IL - 23p40 or IL - 23 the fatty acid or fatty acid ester , and an activated carboxylate 
antibody . Optionally , this subsequence of contiguous amino ( e.g. , activated with N , N - carbonyl diimidazole ) on a fatty 
acids is at least about 10 , 20 , 30 , 40 , 50 , 60 , 70 , 80 , 90 , 100 , acid or fatty acid ester can be coupled to a hydroxyl group 
110 , 120 , 130 , 140 , 150 , 160 , 170 , 180 , 190 , 200 , 210 , 220 , 65 on a polymer . 
230 , 240 , 250 or more amino acids in length , or any range Fatty acids and fatty acid esters suitable for modifying 
or value therein . Further , the number of such subsequences antibodies of the invention can be saturated or can contain 
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one or more units of unsaturation . Fatty acids that are or antigen - binding fragment can then be reacted with a 
suitable for modifying antibodies of the invention include , thiol - reactive modifying agent to produce the modified 
for example , n - dodecanoate ( C12 , laurate ) , n - tetradecanoate antibody of the invention . Modified human antibodies and 
( C14 , myristate ) , n - octadecanoate ( C18 , stearate ) , n - eico- antigen - binding fragments comprising an organic moiety 
sanoate ( C20 , arachidate ) , n - docosanoate ( C22 , behenate ) , 5 that is bonded to specific sites of an antibody of the present 
n - triacontanoate ( C30 ) , n - tetracontanoate ( C40 ) , cis - A9 - oc- invention can be prepared using suitable methods , such as 
tadecanoate ( C18 , oleate ) , all cis - 45,8,11,14 - eicosatetraeno- reverse proteolysis ( Fisch et al . , Bioconjugate Chem . , 3 : 147 
ate ( C20 , arachidonate ) , octanedioic acid , tetradecanedioic 153 ( 1992 ) ; Werlen et al . , Bioconjugate Chem . , 5 : 411-417 
acid , octadecanedioic acid , docosanedioic acid , and the like . ( 1994 ) ; Kumaran et al . , Protein Sci . 6 ( 10 ) : 2233-2241 
Suitable fatty acid esters include mono - esters of dicarbox- 10 ( 1997 ) ; Itoh et al . , Bioorg . Chem . , 24 ( 1 ) : 59-68 ( 1996 ) ; 
ylic acids that comprise a linear or branched lower alkyl Capellas et al . , Biotechnol . Bioeng . , 56 ( 4 ) : 456-463 ( 1997 ) ) , 
group . The lower alkyl group can comprise from one to and the methods described in Hermanson , G. T. , Bioconju 
about twelve , preferably , one to about six , carbon atoms . gate Techniques , Academic Press : San Diego , Calif . ( 1996 ) . 

The modified human antibodies and antigen - binding frag- The method of the present invention also uses an anti 
ments can be prepared using suitable methods , such as by 15 IL - 12 / IL - 23p40 or IL - 23 antibody composition comprising 
reaction with one or more modifying agents . A “ modifying at least one , at least two , at least three , at least four , at least 
agent " as the term is used herein , refers to a suitable organic five , at least six or more anti - IL - 12 / IL - 23p40 or IL - 23 
group ( e.g. , hydrophilic polymer , a fatty acid , a fatty acid antibodies thereof , as described herein and / or as known in 
ester ) that comprises an activating group . An “ activating the art that are provided in a non - naturally occurring com 
group ” is a chemical moiety or functional group that can , 20 position , mixture or form . Such compositions comprise 
under appropriate conditions , react with a second chemical non - naturally occurring compositions comprising at least 
group thereby forming a covalent bond between the modi- one or two full length , C- and / or N - terminally deleted 
fying agent and the second chemical group . For example , variants , domains , fragments , or specified variants , of the 
amine - reactive activating groups include electrophilic anti - IL - 12 / IL - 23p40 or IL - 23 antibody amino acid sequence 
groups , such as tosylate , mesylate , halo ( chloro , bromo , 25 selected from the group consisting of 70-100 % of the 
fluoro , iodo ) , N - hydroxysuccinimidyl esters ( NHS ) , and the contiguous amino acids of the SEQ ID NOs above , or 
like . Activating groups that can react with thiols include , for specified fragments , domains or variants thereof . Preferred 
example , maleimide , iodoacetyl , acrylolyl , pyridyl disul- anti - IL - 12 / IL - 23p40 or IL - 23 antibody compositions 
fides , 5 - thiol - 2 - nitrobenzoic acid thiol ( TNB - thiol ) , and the include at least one or two full length , fragments , domains 
like . An aldehyde functional group can be coupled to amine- 30 or variants as at least one CDR or LBP containing portions 
or hydrazide - containing molecules , and an azide group can of the anti - IL - 12 / IL - 23p40 or IL - 23 antibody sequence 
react with a trivalent phosphorous group to form phospho- described herein , for example , 70-100 % of the SEQ ID NOS 
ramidate or phosphorimide linkages . Suitable methods to above , or specified fragments , domains or variants thereof . 
introduce activating groups into molecules are known in the Further preferred compositions comprise , for example , 
art ( see for example , Hermanson , G. T. , Bioconjugate Tech- 35 40-99 % of at least one of 70-100 % of the SEQ ID NOs 
niques , Academic Press : San Diego , Calif . ( 1996 ) ) . An above , etc. , or specified fragments , domains or variants 
activating group can be bonded directly to the organic group thereof . Such composition percentages are by weight , vol 
( e.g. , hydrophilic polymer , fatty acid , fatty acid ester ) , or ume , concentration , molarity , or molality as liquid or dry 
through a linker moiety , for example , a divalent C1 - C12 solutions , mixtures , suspension , emulsions , particles , pow 
group wherein one or more carbon atoms can be replaced by 40 der , or colloids , as known in the art or as described herein . 
a heteroatom , such as oxygen , nitrogen or sulfur . Suitable Antibody Compositions Comprising Further Therapeuti 
linker moieties include , for example , tetraethylene glycol , cally Active Ingredients 
— ( CH2 ) 3- , -NH— ( CH2 ) 6 - NH , ( CH2 ) 2 - NH- and The antibody compositions used in the method of the 

CH2-0 - CH2 - CH2-0 CH2 - CH2 - OCH - NH- . invention can optionally further comprise an effective 
Modifying agents that comprise a linker moiety can be 45 amount of at least one compound or protein selected from at 
produced , for example , by reacting a mono - Boc - alkyl- least one of an anti - infective drug , a cardiovascular ( CV ) 
diamine ( e.g. , mono - Boc - ethylenediamine , mono - Boc - di- system drug , a central nervous system ( CNS ) drug , an 
aminohexane ) with a fatty acid in the presence of 1 - ethyl- autonomic nervous system ( ANS ) drug , a respiratory tract 
3- ( 3 - dimethylaminopropyl ) carbodiimide ( EDC ) to form an drug , a gastrointestinal ( GI ) tract drug , a hormonal drug , a 
amide bond between the free amine and the fatty acid 50 drug for fluid or electrolyte balance , a hematologic drug , an 
carboxylate . The Boc protecting group can be removed from antineoplastic , an immunomodulation drug , an ophthalmic , 
the product by treatment with trifluoroacetic acid ( TFA ) to otic or nasal drug , a topical drug , a nutritional drug or the 
expose a primary amine that can be coupled to another like . Such drugs are well known in the art , including 
carboxylate , as described , or can be reacted with maleic formulations , indications , dosing and administration for 
anhydride and the resulting product cyclized to produce an 55 each presented herein ( see , e.g. , Nursing 2001 Handbook of 
activated maleimido derivative of the fatty acid . ( See , for Drugs , 21st edition , Springhouse Corp. , Springhouse , PA , 
example , Thompson , et al . , WO 92/16221 , the entire teach- 2001 ; Health Professional's Drug Guide 2001 , ed . , Shannon , 
ings of which are incorporated herein by reference . ) Wilson , Stang , Prentice - Hall , Inc , Upper Saddle River , N.J .; 
The modified antibodies can be produced by reacting a Pharmcotherapy Handbook , Wells et al . , ed . , Appleton & 

human antibody or antigen - binding fragment with a modi- 60 Lange , Stamford , Conn . , each entirely incorporated herein 
fying agent . For example , the organic moieties can be by reference ) . 
bonded to the antibody in a non - site specific manner by By way of example of the drugs that can be combined 
employing an amine - reactive modifying agent , for example , with the antibodies for the method of the present invention , 
an NHS ester of PEG . Modified human antibodies or anti- the anti - infective drug can be at least one selected from 
gen - binding fragments can also be prepared by reducing 65 amebicides or at least one antiprotozoals , anthelmintics , 
disulfide bonds ( e.g. , intra - chain disulfide bonds ) of an antifungals , antimalarials , antituberculotics or at least one 
antibody or antigen - binding fragment . The reduced antibody antileprotics , aminoglycosides , penicillins , cephalosporins , 
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tetracyclines , sulfonamides , fluoroquinolones , antivirals , therapy , optionally further comprising at least one selected 
macrolide anti - infectives , and miscellaneous anti - infectives . from at least one TNF antagonist ( e.g. , but not limited to a 
The hormonal drug can be at least one selected from TNF chemical or protein antagonist , TNF monoclonal or 
corticosteroids , androgens or at least one anabolic steroid , polyclonal antibody or fragment , a soluble TNF receptor 
estrogen or at least one progestin , gonadotropin , antidiabetic 5 ( e.g. , p55 , p70 or p85 ) or fragment , fusion polypeptides 
drug or at least one glucagon , thyroid hormone , thyroid thereof , or a small molecule TNF antagonist , e.g. , TNF 
hormone antagonist , pituitary hormone , and parathyroid - like binding protein I or II ( TBP - 1 or TBP - II ) , nerelimonmab , 
drug . The at least one cephalosporin can be at least one infliximab , eternacept , CDP - 571 , CDP - 870 , afelimomab , 
selected from cefaclor , cefadroxil , cefazolin sodium , cef- lenercept , and the like ) , an antirheumatic ( e.g. , methotrexate , 
dinir , cefepime hydrochloride , cefixime , cefmetazole 10 auranofin , aurothioglucose , azathioprine , etanercept , gold 
sodium , cefonicid sodium , cefoperazone sodium , cefotax- sodium thiomalate , hydroxychloroquine sulfate , lefluno 
ime sodium , cefotetan disodium , cefoxitin sodium , cefpo- mide , sulfasalzine ) , an immunization , an immunoglobulin , 
doxime proxetil , cefprozil , ceftazidime , ceftibuten , ceftizox- an immunosuppressive ( e.g. , azathioprine , basiliximab , 
ime sodium , ceftriaxone sodium , cefuroxime axetil , cyclosporine , daclizumab ) , a cytokine or a cytokine antago 
cefuroxime sodium , cephalexin hydrochloride , cephalexin 15 nist . Non - limiting examples of such cytokines include , but 
monohydrate , cephradine , and loracarbef . are not limited to , any of IL - 1 to IL - 23 et al . ( e.g. , IL - 1 , IL - 2 , 

The at least one coricosteroid can be at least one selected etc. ) . Suitable dosages are well known in the art . See , e.g. , 
from betamethasone , betamethasone acetate or betametha- Wells et al . , eds . , Pharmacotherapy Handbook , 2nd Edition , 
sone sodium phosphate , betamethasone sodium phosphate , Appleton and Lange , Stamford , Conn . ( 2000 ) ; PDR Phar 
cortisone acetate , dexamethasone , dexamethasone acetate , 20 macopoeia , Tarascon Pocket Pharmacopoeia 2000 , Deluxe 
dexamethasone sodium phosphate , fludrocortisone acetate , Edition , Tarascon Publishing , Loma Linda , Calif . ( 2000 ) , 
hydrocortisone , hydrocortisone acetate , hydrocortisone each of which references are entirely incorporated herein by 
cypionate , hydrocortisone sodium phosphate , hydrocorti- reference . 
sone sodium succinate , methylprednisolone , methylpred- Anti - IL - 12 / IL - 23p40 or IL - 23 antibody compounds , com 
nisolone acetate , methylprednisolone sodium succinate , 25 positions or combinations used in the method of the present 
prednisolone , prednisolone acetate , prednisolone sodium invention can further comprise at least one of any suitable 
phosphate , prednisolone tebutate , prednisone , triamci- auxiliary , such as , but not limited to , diluent , binder , stabi 
nolone , triamcinolone acetonide , and triamcinolone diac- lizer , buffers , salts , lipophilic solvents , preservative , adju 
etate . The at least one androgen or anabolic steroid can be at vant or the like . Pharmaceutically acceptable auxiliaries are 
least one selected from danazol , fluoxymesterone , methylt- 30 preferred . Non - limiting examples of , and methods of pre 
estosterone , nandrolone decanoate , nandrolone phenpropi- paring such sterile solutions are well known in the art , such 
onate , testosterone , testosterone cypionate , testosterone as , but limited to , Gennaro , Ed . , Remington's Pharmaceu 
ena nate , testosterone propionate , and testosterone tical Sciences , 18th Edition , Mack Publishing Co. ( Easton , 
dermal system . Pa . ) 1990. Pharmaceutically acceptable carriers can be rou 

The at least one immunosuppressant can be at least one 35 tinely selected that are suitable for the mode of administra 
selected from azathioprine , basiliximab , cyclosporine , dacli- tion , solubility and / or stability of the anti - IL - 12 / IL - 23p40 , 
zumab , lymphocyte immune globulin , muromonab - CD3 , fragment or variant composition as well known in the art or 
mycophenolate mofetil , mycophenolate mofetil hydrochlo- as described herein . 
ride , sirolimus , 6 - mercaptopurine , methotrexate , mizoribine , Pharmaceutical excipients and additives useful in the 
and tacrolimus . 40 present composition include , but are not limited to , proteins , 

The at least one local anti - infective can be at least one peptides , amino acids , lipids , and carbohydrates ( e.g. , sug 
selected from acyclovir , amphotericin B , azelaic acid cream , ars , including monosaccharides , di- , tri- , tetra- , and oligo 
bacitracin , butoconazole nitrate , clindamycin phosphate , saccharides ; derivatized sugars , such as alditols , aldonic 
clotrimazole , econazole nitrate , erythromycin , gentamicin acids , esterified sugars and the like ; and polysaccharides or 
sulfate , ketoconazole , mafenide acetate , metronidazole 45 sugar polymers ) , which can be present singly or in combi 
( topical ) , miconazole nitrate , mupirocin , naftifine hydro- nation , comprising alone or in combination 1-99.99 % by 
chloride , neomycin sulfate , nitrofurazone , nystatin , silver weight or volume . Exemplary protein excipients include 
sulfadiazine , terbinafine hydrochloride , terconazole , tetracy- serum albumin , such as human serum albumin ( HSA ) , 
cline hydrochloride , tioconazole , and tolnaftate . The at least recombinant human albumin ( rHA ) , gelatin , casein , and the 
one scabicide or pediculicide can be at least one selected 50 like . Representative amino acid / antibody components , 
from crotamiton , lindane , permethrin , and pyrethrins . The at which can also function in a buffering capacity , include 
least one topical corticosteroid can be at least one selected alanine , glycine , arginine , betaine , histidine , glutamic acid , 
from betamethasone dipropionate , betamethasone valerate , aspartic acid , cysteine , lysine , leucine , isoleucine , valine , 
clobetasol propionate , desonide , desoximetasone , dexam- methionine , phenylalanine , aspartame , and the like . One 
ethasone , dexamethasone sodium phosphate , diflorasone 55 preferred amino acid is glycine . 
diacetate , fluocinolone acetonide , fluocinonide , flurandreno- Carbohydrate excipients suitable for use in the invention 
lide , fluticasone propionate , halcionide , hydrocortisone , include , for example , monosaccharides , such as fructose , 
hydrocortisone acetate , hydrocortisone butyrate , hydrocori- maltose , galactose , glucose , D - mannose , sorbose , and the 
sone valerate , mometasone furoate , and triamcinolone like ; disaccharides , such as lactose , sucrose , trehalose , cel 
acetonide . ( See , e.g. , pp . 1098-1136 of Nursing 2001 Drug 60 lobiose , and the like ; polysaccharides , such as raffinose , 
Handbook . ) melezitose , maltodextrins , dextrans , starches , and the like ; 

Anti - IL - 12 / IL - 23p40 or IL - 23 antibody compositions can and alditols , such as mannitol , xylitol , maltitol , lactitol , 
further comprise at least one of any suitable and effective xylitol sorbitol ( glucitol ) , myoinositol and the like . Preferred 
amount of a composition or pharmaceutical composition carbohydrate excipients for use in the present invention are 
comprising at least one anti - IL - 12 / IL - 23p40 or IL - 23 anti- 65 mannitol , trehalose , and raffinose . 
body contacted or administered to a cell , tissue , organ , Anti - IL - 12 / IL - 23p40 or IL - 23 antibody compositions can 
animal or subject in need of such modulation , treatment or also include a buffer or a pH adjusting agent ; typically , the 

ans 
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buffer is a salt prepared from an organic acid or base . that indicates that such solution can be held over a period of 
Representative buffers include organic acid salts , such as 1 , 2 , 3 , 4 , 5 , 6 , 9 , 12 , 18 , 20 , 24 , 30 , 36 , 40 , 48 , 54 , 60 , 66 , 
salts of citric acid , ascorbic acid , gluconic acid , carbonic 72 hours or greater . The invention further uses an article of 
acid , tartaric acid , succinic acid , acetic acid , or phthalic acid ; manufacture , comprising packaging material , a first vial 
Tris , tromethamine hydrochloride , or phosphate buffers . 5 comprising lyophilized anti - IL - 12 / IL - 23p40 or IL - 23 anti 
Preferred buffers for use in the present compositions are body , and a second vial comprising an aqueous diluent of 
organic acid salts , such as citrate . prescribed buffer or preservative , wherein said packaging 

Additionally , anti - IL - 12 / IL - 23p40 or IL - 23 antibody material comprises a label that instructs a subject to recon 
compositions can include polymeric excipients / additives , stitute the anti - IL - 12 / IL - 23p40 or IL - 23 antibody in the 
such as polyvinylpyrrolidones , ficolls ( a polymeric sugar ) , 10 aqueous diluent to form a solution that can be held over a 
dextrates ( e.g. , cyclodextrins , such as 2 - hydroxypropyl - ß- period of twenty - four hours or greater . 
cyclodextrin ) , polyethylene glycols , flavoring agents , anti- The anti - IL - 12 / IL - 23p40 or IL - 23 antibody used in accor 
microbial agents , sweeteners , antioxidants , antistatic agents , dance with the present invention can be produced by recom 
surfactants ( e.g. , polysorbates , such as “ TWEEN 20 ” and binant means , including from mammalian cell or transgenic 
“ TWEEN 80 ” ) , lipids ( e.g. , phospholipids , fatty acids ) , 15 preparations , or can be purified from other biological 
steroids ( e.g. , cholesterol ) , and chelating agents ( e.g. , sources , as described herein or as known in the art . 
EDTA ) . The range of the anti - IL - 12 / IL - 23p40 or IL - 23 antibody 

These and additional known pharmaceutical excipients includes amounts yielding upon reconstitution , if in a wet / 
and / or additives suitable for use in the anti - IL - 12 / IL - 23p40 dry system , concentrations from about 1.0 ug / ml to about 
or IL - 23 antibody , portion or variant compositions according 20 1000 mg / ml , although lower and higher concentrations are 
to the invention are known in the art , e.g. , as listed in operable and are dependent on the intended delivery vehicle , 
“ Remington : The Science & Practice of Pharmacy , ” 19th e.g. , solution formulations will differ from transdermal 
ed . , Williams & Williams , ( 1995 ) , and in the “ Physician's patch , pulmonary , transmucosal , or osmotic or micro pump 
Desk Reference , ” 52nd ed . , Medical Economics , Montvale , methods . 
N.J. ( 1998 ) , the disclosures of which are entirely incorpo- 25 Preferably , the aqueous diluent optionally further com 
rated herein by reference . Preferred carrier or excipient prises a pharmaceutically acceptable preservative . Preferred 
materials are carbohydrates ( e.g. , saccharides and alditols ) preservatives include those selected from the group consist 
and buffers ( e.g. , citrate ) or polymeric agents . An exemplary ing of phenol , m - cresol , p - cresol , o - cresol , chlorocresol , 
carrier molecule is the mucopolysaccharide , hyaluronic benzyl alcohol , alkylparaben ( methyl , ethyl , propyl , butyl 
acid , which can be useful for intraarticular delivery . 30 and the like ) , benzalkonium chloride , benzethonium chlo 

Formulations ride , sodium dehydroacetate and thimerosal , or mixtures 
As noted above , the invention provides for stable formu- thereof . The concentration of preservative used in the for 

lations , which preferably comprise a phosphate buffer with mulation is a concentration sufficient yield an anti 
saline or a chosen salt , as well as preserved solutions and microbial effect . Such concentrations are dependent on the 
formulations containing a preservative as well as multi - use 35 preservative selected and are readily determined by the 
preserved formulations suitable for pharmaceutical or vet- skilled artisan . 
erinary use , comprising at least one anti - IL - 12 / IL - 23p40 or Other excipients , e.g. , isotonicity agents , buffers , antioxi 
IL - 23 antibody in a pharmaceutically acceptable formula- dants , and preservative enhancers , can be optionally and 
tion . Preserved formulations contain at least one known preferably added to the diluent . An isotonicity agent , such as 
preservative or optionally selected from the group consisting 40 glycerin , is commonly used at known concentrations . A 
of at least one phenol , m - cresol , p - cresol , o - cresol , chloro- physiologically tolerated buffer is preferably added to pro 
cresol , benzyl alcohol , phenylmercuric nitrite , phenoxyetha- vide improved pH control . The formulations can cover a 
nol , formaldehyde , chlorobutanol , magnesium chloride wide range of pHs , such as from about pH 4 to about pH 10 , 
( e.g. , hexahydrate ) , alkylparaben ( methyl , ethyl , propyl , and preferred ranges from about pH 5 to about pH 9 , and a 
butyl and the like ) , benzalkonium chloride , benzethonium 45 most preferred range of about 6.0 to about 8.0 . Preferably , 
chloride , sodium dehydroacetate and thimerosal , or mixtures the formulations of the present invention have a pH between 
thereof in an aqueous diluent . Any suitable concentration or about 6.8 and about 7.8 . Preferred buffers include phosphate 
mixture can be used as known in the art , such as 0.001-5 % , buffers , most preferably , sodium phosphate , particularly , 
or any range or value therein , such as , but not limited to phosphate buffered saline ( PBS ) . 
0.001 , 0.003 , 0.005 , 0.009 , 0.01 , 0.02 , 0.03 , 0.05 , 0.09 , 0.1 , 50 Other additives , such as a pharmaceutically acceptable 
0.2 , 0.3 , 0.4 , 0.5 , 0.6 , 0.7 , 0.8 , 0.9 , 1.0 , 1.1 , 1.2 , 1.3 , 1.4 , 1.5 , solubilizers like Tween 20 ( polyoxyethylene ( 20 ) sorbitan 
1.6 , 1.7 , 1.8 , 1.9 , 2.0 , 2.1 , 2.2 , 2.3 , 2.4 , 2.5 , 2.6 , 2.7 , 2.8 , 2.9 , monolaurate ) , Tween 40 ( polyoxyethylene ( 20 ) sorbitan 
3.0 , 3.1 , 3.2 , 3.3 , 3.4 , 3.5 , 3.6 , 3.7 , 3.8 , 3.9 , 4.0 , 4.3 , 4.5 , 4.6 , monopalmitate ) , Tween 80 ( polyoxyethylene ( 20 ) sorbitan 
4.7 , 4.8 , 4.9 , or any range or value therein . Non - limiting monooleate ) , Pluronic F68 ( polyoxyethylene polyoxypro 
examples include , no preservative , 0.1-2 % m - cresol ( e.g. , 55 pylene block copolymers ) , and PEG ( polyethylene glycol ) 
0.2 , 0.3 . 0.4 , 0.5 , 0.9 , 1.0 % ) , 0.1-3 % benzyl alcohol ( e.g. , or non - ionic surfactants , such as polysorbate 20 or 80 or 
0.5 , 0.9 , 1.1 , 1.5 , 1.9 , 2.0 , 2.5 % ) , 0.001-0.5 % thimerosal poloxamer 184 or 188 , Pluronic® polyls , other block co 
( e.g. , 0.005,0.01 ) , 0.001-2.0 % phenol ( e.g. , 0.05 , 0.25 , 0.28 , polymers , and chelators , such as EDTA and EGTA , can 
0.5 , 0.9 , 1.0 % ) , 0.0005-1.0 % alkylparaben ( s ) ( e.g. , 0.00075 , optionally be added to the formulations or compositions to 
0.0009 , 0.001 , 0.002 , 0.005 , 0.0075 , 0.009 , 0.01 , 0.02 , 0.05 , 60 reduce aggregation . These additives are particularly useful if 
0.075 , 0.09 , 0.1 , 0.2 , 0.3 , 0.5 , 0.75 , 0.9 , 1.0 % ) , and the like . a pump or plastic container is used to administer the for 
As noted above , the method of the invention uses an mulation . The presence of pharmaceutically acceptable sur 

article of manufacture , comprising packaging material and factant mitigates the propensity for the protein to aggregate . 
at least one vial comprising a solution of at least one The formulations can be prepared by a process which 
anti - IL - 12 / IL - 23p40 or IL - 23 antibody with the prescribed 65 comprises mixing at least one anti - IL - 12 / IL - 23p40 or IL - 23 
buffers and / or preservatives , optionally in an aqueous antibody and a preservative selected from the group con 
diluent , wherein said packaging material comprises a label sisting of phenol , m - cresol , p - cresol , o - cresol , chlorocresol , 
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benzyl alcohol , alkylparaben , ( methyl , ethyl , propyl , butyl or IL - 23 specific antibody that is reconstituted with a second 
and the like ) , benzalkonium chloride , benzethonium chlo- vial containing the aqueous diluent . The clear solution in this 
ride , sodium dehydroacetate and thimerosal or mixtures case can be up to one liter or even larger in size , providing 
thereof in an aqueous diluent . Mixing the at least one a large reservoir from which smaller portions of the at least 
anti - IL - 12 / IL - 23p40 or IL - 23 specific antibody and preser- 5 one antibody solution can be retrieved one or multiple times 
vative in an aqueous diluent is carried out using conven- for transfer into smaller vials and provided by the pharmacy 
tional dissolution and mixing procedures . To prepare a or clinic to their customers and / or subjects . 
suitable formulation , for example , a measured amount of at Recognized devices comprising single vial systems 
least one anti - IL - 12 / IL - 23p40 or IL - 23 antibody in buffered include pen - injector devices for delivery of a solution , such 
solution is combined with the desired preservative in a 10 as BD Pens , BD Autojector® , Humaject® , NovoPen® , 
buffered solution in quantities sufficient to provide the B - D® Pen , AutoPen® , and OptiPen® , GenotropinPen® , 
protein and preservative at the desired concentrations . Varia- Genotronorm Pen® , Humatro Pen® , Reco - Pen® , Roferon 
tions of this process would be recognized by one of ordinary Pen® , Biojector® , Iject® , J - tip Needle - Free Injector® , Int 
skill in the art . For example , the order the components are raject® , Medi - Ject® , Smartject® e.g. , as made or developed 
added , whether additional additives are used , the tempera- 15 by Becton Dickensen ( Franklin Lakes , N.J. , www.bec 
ture and pH at which the formulation is prepared , are all tondickenson.com ) , Disetronic ( Burgdorf , Switzerland , 
factors that can be optimized for the concentration and www.disetronic.com ; Bioject , Portland , Oreg . ( www.bio 
means of administration used . ject.com ) ; National Medical Products , Weston Medical ( Pe 

The formulations can be provided to subjects as clear terborough , UK , www.weston-medical.com ) , Medi - Ject 
solutions or as dual vials comprising a vial of lyophilized 20 Corp ( Minneapolis , Minn . , www.mediject.com ) , and simi 
anti - IL - 12 / IL - 23p40 or IL - 23 specific antibody that is recon- larly suitable devices . Recognized devices comprising a dual 
stituted with a second vial containing water , a preservative vial system include those pen - injector systems for reconsti 
and / or excipients , preferably , a phosphate buffer and / or tuting a lyophilized drug in a cartridge for delivery of the 
saline and a chosen salt , in an aqueous diluent . Either a reconstituted solution , such as the HumatroPen® . Examples 
single solution vial or dual vial requiring reconstitution can 25 of other devices suitable include pre - filled syringes , auto 
be reused multiple times and can suffice for a single or injectors , needle free injectors , and needle free IV infusion 
multiple cycles of subject treatment and thus can provide a sets . 
more convenient treatment regimen than currently available . The products can include packaging material . The pack 

The present articles of manufacture are useful for admin- aging material provides , in addition to the information 
istration over a period ranging from immediate to twenty- 30 required by the regulatory agencies , the conditions under 
four hours or greater . Accordingly , the presently claimed which the product can be used . The packaging material of 
articles of manufacture offer significant advantages to the the present invention provides instructions to the subject , as 
subject . Formulations of the invention can optionally be applicable , to reconstitute the at least one anti - IL - 12 / IL 
safely stored at temperatures of from about 2 ° C. to about 23p40 or IL - 23 antibody in the aqueous diluent to form a 
40 ° C. and retain the biologically activity of the protein for 35 solution and to use the solution over a period of 2-24 hours 
extended periods of time , thus allowing a package label or greater for the two vial , wet / dry , product . For the single 
indicating that the solution can be held and / or used over a vial , solution product , pre - filled syringe or auto - injector , the 
period of 6 , 12 , 18 , 24 , 36 , 48 , 72 , or 96 hours or greater . If label indicates that such solution can be used over a period 
preserved diluent is used , such label can include use up to of 2-24 hours or greater . The products are useful for human 
1-12 months , one - half , one and a half , and / or two years . 40 pharmaceutical product use . 
The solutions of anti - IL - 12 / IL - 23p40 or IL - 23 specific The formulations used in the method of the present 

antibody can be prepared by a process that comprises mixing invention can be prepared by a process that comprises 
at least one antibody in an aqueous diluent . Mixing is carried mixing an anti - IL - 12 / IL - 23p40 and a selected buffer , pref 
out using conventional dissolution and mixing procedures . erably , a phosphate buffer containing saline or a chosen salt . 
To prepare a suitable diluent , for example , a measured 45 Mixing the anti - IL - 12 / IL - 23p40 antibody and buffer in an 
amount of at least one antibody in water or buffer is aqueous diluent is carried out using conventional dissolution 
combined in quantities sufficient to provide the protein and , and mixing procedures . To prepare a suitable formulation , 
optionally , a preservative or buffer at the desired concentra- for example , a measured amount of at least one antibody in 
tions . Variations of this process would be recognized by one water or buffer is combined with the desired buffering agent 
of ordinary skill in the art . For example , the order the 50 in water in quantities sufficient to provide the protein and 
components are added , whether additional additives are buffer at the desired concentrations . Variations of this pro 
used , the temperature and pH at which the formulation is cess would be recognized by one of ordinary skill in the art . 
prepared , are all factors that can be optimized for the For example , the order the components are added , whether 
concentration and means of administration used . additional additives are used , the temperature and pH at 

The claimed products can be provided to subjects as clear 55 which the formulation is prepared , are all factors that can be 
solutions or as dual vials comprising a vial of lyophilized at optimized for the concentration and means of administration 
least one anti - IL - 12 / IL - 23p40 or IL - 23 specific antibody that used . 
is reconstituted with a second vial containing the aqueous The method of the invention provides pharmaceutical 
diluent . Either a single solution vial or dual vial requiring compositions comprising various formulations useful and 
reconstitution can be reused multiple times and can suffice 60 acceptable for administration to a human or animal subject . 
for a single or multiple cycles of subject treatment and thus Such pharmaceutical compositions are prepared using water 
provides a more convenient treatment regimen than cur- at " standard state ” as the diluent and routine methods well 
rently available . known to those of ordinary skill in the art . For example , 

The claimed products can be provided indirectly to sub- buffering components such as histidine and histidine mono 
jects by providing to pharmacies , clinics , or other such 65 hydrochloride hydrate , can be provided first followed by the 
institutions and facilities , clear solutions or dual vials com- addition of an appropriate , non - final volume of water 
prising a vial of lyophilized at least one anti - IL - 12 / IL - 23p40 diluent , sucrose and polysorbate 80 at “ standard state . ” 
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Isolated antibody can then be added . Last , the volume of the clear solutions are formulations comprising particulate sus 
pharmaceutical composition is adjusted to the desired final pensions , said particulates being a composition containing 
volume under “ standard state ” conditions using water as the the anti - IL - 12 / IL - 23p40 in a structure of variable dimension 
diluent . Those skilled in the art will recognize a number of and known variously as a microsphere , microparticle , nan 
other methods suitable for the preparation of the pharma- 5 oparticle , nanosphere , or liposome . Such relatively homog 
ceutical compositions . enous , essentially spherical , particulate formulations con 

The pharmaceutical compositions can be aqueous solu- taining an active agent can be formed by contacting an 
tions or suspensions comprising the indicated mass of each aqueous phase containing the active agent and a polymer 
constituent per unit of water volume or having an indicated and a nonaqueous phase followed by evaporation of the 
pH at “ standard state . ” As used herein , the term “ standard 10 nonaqueous phase to cause the coalescence of particles from 
state ” means a temperature of 25 ° C . + / - 2 ° C. and a pressure the aqueous phase as taught in U.S. Pat . No. 4,589,330 . 
of 1 atmosphere . The term “ standard state ” is not used in the Porous microparticles can be prepared using a first phase 
art to refer to a single art recognized set of temperatures or containing active agent and a polymer dispersed in a con 
pressure , but is instead a reference state that specifies tinuous solvent and removing said solvent from the suspen 
temperatures and pressure to be used to describe a solution 15 sion by freeze - drying or dilution - extraction - precipitation as 
or suspension with a particular composition under the ref- taught in U.S. Pat . No. 4,818,542 . Preferred polymers for 
erence " standard state ” conditions . This is because the such preparations are natural or synthetic copolymers or 
volume of a solution is , in part , a function of temperature polymers selected from the group consisting of glelatin agar , 
and pressure . Those skilled in the art will recognize that starch , arabinogalactan , albumin , collagen , polyglycolic 
pharmaceutical compositions equivalent to those disclosed 20 acid , polylactic aced , glycolide - L ( - ) lactide poly ( episilon 
here can be produced at other temperatures and pressures . caprolactone , poly ( epsilon - caprolactone - CO - lactic acid ) , 
Whether such pharmaceutical compositions are equivalent poly ( epsilon - caprolactone - CO - glycolic acid ) , poly ( B - hy 
to those disclosed here should be determined under the droxy butyric acid ) , polyethylene oxide , polyethylene , poly 
“ standard state ” conditions defined above ( e.g. 25 ° C . + / - 2 ° ( alkyl - 2 - cyanoacrylate ) , poly ( hydroxyethyl methacrylate ) , 
C. and a pressure of 1 atmosphere ) . 25 polyamides , poly ( amino acids ) , poly ( 2 - hydroxyethyl DL 

Importantly , such pharmaceutical compositions can con- aspartamide ) , poly ( ester urea ) , poly ( L - phenylalanine / ethyl 
tain component masses “ about ” a certain value ( e.g. “ about ene glycol / 1,6 - diisocyanatohexane ) and poly ( methyl meth 
0.53 mg L - histidine ” ) per unit volume of the pharmaceutical acrylate ) . Particularly preferred polymers are polyesters , 
composition or have pH values about a certain value . A such as polyglycolic acid , polylactic aced , glycolide - L ( ~ ) 
component mass present in a pharmaceutical composition or 30 lactide poly ( episilon - caprolactone , poly ( epsilon - caprolac 
pH value is “ about ” a given numerical value if the isolated tone - CO - lactic acid ) , and poly ( epsilon - caprolactone - CO 
antibody present in the pharmaceutical composition is able glycolic acid . Solvents useful for dissolving the polymer 
to bind a peptide chain while the isolated antibody is present and / or the active include : water , hexafluoroisopropanol , 
in the pharmaceutical composition or after the isolated methylenechloride , tetrahydrofuran , hexane , benzene , or 
antibody has been removed from the pharmaceutical com- 35 hexafluoroacetone sesquihydrate . The process of dispersing 
position ( e.g. , by dilution ) . Stated differently , a value , such the active containing phase with a second phase can include 
as a component mass value or pH value , is “ about ” a given pressure forcing said first phase through an orifice in a 
numerical value when the binding activity of the isolated nozzle to affect droplet formation . 
antibody is maintained and detectable after placing the Dry powder formulations can result from processes other 
isolated antibody in the pharmaceutical composition . 40 than lyophilization , such as by spray drying or solvent 

Competition binding analysis is performed to determine if extraction by evaporation or by precipitation of a crystalline 
the IL - 12 / IL - 23p40 or IL - 23 specific mAbs bind to similar composition followed by one or more steps to remove 
or different epitopes and / or compete with each other . Abs are aqueous or non - aqueous solvent . Preparation of a spray 
individually coated on ELISA plates . Competing mAbs are dried antibody preparation is taught in U.S. Pat . No. 6,019 , 
added , followed by the addition of biotinylated hr | L - 12 or 45 968. The antibody - based dry powder compositions can be 
IL - 23 . For positive control , the same mAb for coating can be produced by spray drying solutions or slurries of the anti 
used as the competing mAb ( " self - competition ” ) . IL - 12 / IL- body and , optionally , excipients , in a solvent under condi 
23p40 or IL - 23 binding is detected using streptavidin . These tions to provide a respirable dry powder . Solvents can 
results demonstrate whether the mAbs recognize similar or include polar compounds , such as water and ethanol , which 
partially overlapping epitopes on IL - 12 / IL - 23p40 or IL - 23 . 50 can be readily dried . Antibody stability can be enhanced by 

In one embodiment of the pharmaceutical compositions , performing the spray drying procedures in the absence of 
the isolated antibody concentration is from about 77 to about oxygen , such as under a nitrogen blanket or by using 
104 mg per ml of the pharmaceutical composition . In nitrogen as the drying gas . Another relatively dry formula 
another embodiment of the pharmaceutical compositions the tion is a dispersion of a plurality of perforated microstruc 
pH is from about 5.5 to about 6.5 . 55 tures dispersed in a suspension medium that typically com 

The stable or preserved formulations can be provided to prises a hydrofluoroalkane propellant as taught in WO 
subjects as clear solutions or as dual vials comprising a vial 9916419. The stabilized dispersions can be administered to 
of lyophilized at least one anti - IL - 12 / IL - 23p40 that is recon- the lung of a subject using a metered dose inhaler . Equip 
stituted with a second vial containing a preservative or buffer ment useful in the commercial manufacture of spray dried 
and excipients in an aqueous diluent . Either a single solution 60 medicaments are manufactured by Buchi Ltd. or Niro Corp. 
vial or dual vial requiring reconstitution can be reused An anti - IL - 12 / IL - 23p40 in either the stable or preserved 
multiple times and can suffice for a single or multiple cycles formulations or solutions described herein , can be adminis 
of subject treatment and thus provides a more convenient tered to a subject in accordance with the present invention 
treatment regimen than currently available . via a variety of delivery methods including SC or IM 

Other formulations or methods of stabilizing the anti - IL- 65 injection ; transdermal , pulmonary , transmucosal , implant , 
12 / IL - 23p40 can result in other than a clear solution of osmotic pump , cartridge , micro pump , or other means appre 
lyophilized powder comprising the antibody . Among non- ciated by the skilled artisan , as well - known in the art . 
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Therapeutic Applications istered can vary depending upon known factors , such as the 
The present invention also provides a method for modu- pharmacodynamic characteristics of the particular agent , 

lating or treating ulcerative colitis , in a cell , tissue , organ , and its mode and route of administration ; age , health , and 
animal , or subject , as known in the art or as described herein , weight of the recipient ; nature and extent of symptoms , kind 
using at least one IL - 23 antibody of the present invention , 5 of concurrent treatment , frequency of treatment , and the 
e.g. , administering or contacting the cell , tissue , organ , effect desired . In some instances , to achieve the desired 
animal , or subject with a therapeutic effective amount of therapeutic amount , it can be necessary to provide for 
IL - 12 / IL - 23p40 or IL - 23 specific antibody . repeated administration , i.e. , repeated individual adminis 
Any method of the present invention can comprise admin- trations of a particular monitored or metered dose , where the 

istering an effective amount of a composition or pharma- 10 individual administrations are repeated until the desired 
ceutical composition comprising an IL - 12 / IL - 23p40 to a daily dose or effect is achieved . 
cell , tissue , organ , animal or subject in need of such modu- In one exemplary regimen of providing safe and effective 
lation , treatment or therapy . Such a method can optionally treatment of severely active UC in a subject in need thereof , 
further comprise co - administration or combination therapy a total dosage of about 130 mg of an anti - IL - 12 / IL - 23p40 
for treating such diseases or disorders , wherein the admin- 15 antibody is administered intravenously to the subject per 
istering of said at least one IL - 12 / IL - 23p40 , specified por- administration . For example , the total volume of the com 
tion or variant thereof , further comprises administering , position administered is appropriately adjusted to provide to 
before concurrently , and / or after , at least one selected from the subject the target dosage of the antibody at 80 mg , 90 
at least one TNF antagonist ( e.g. , but not limited to , a TNF mg , 100 mg , 110 mg , 120 mg , 130 mg , 140 mg , 150 mg , 160 
chemical or protein antagonist , TNF monoclonal or poly- 20 mg , 170 mg or 180 mg per administration . 
clonal antibody or fragment , a soluble TNF receptor ( e.g. , In another exemplary regimen of providing safe and 
p55 , p70 or p85 ) or fragment , fusion polypeptides thereof , or effective treatment of severely active UC in a subject in need 
a small molecule TNF antagonist , e.g. , TNF binding protein thereof , a total dosage of about 6.0 mg / kg 1.5 mg / kg of an 
I or II ( TBP - 1 or TBP - II ) , nerelimonmab , infliximab , eter- anti - IL - 12 / IL - 23p40 antibody is administered intravenously 
nacept ( EnbrelTM ) , adalimulab ( HumiraTM ) , CDP - 571 , CDP- 25 to the subject per administration . For example , the total 
870 , afelimomab , lenercept , and the like ) , an antirheumatic volume of the composition administered is appropriately 
( e.g. , methotrexate , auranofin , aurothioglucose , azathio- adjusted to provide to the subject the target dosage of the 
prine , gold sodium thiomalate , hydroxychloroquine sulfate , antibody at 3.0 mg / kg , 3.5 mg / kg , 4.0 mg / kg , 4.5 mg / kg , 5.0 
leflunomide , sulfasalzine ) , a muscle relaxant , a narcotic , a mg / kg , 5.5 mg / kg , 6.0 mg / kg , 6.5 mg / kg , 7.0 mg / kg , 7.5 
non - steroid anti - inflammatory drug ( NSAID ) ( e.g. , 5 - ami- 30 mg / kg , 8.0 mg / kg , 8.5 mg / kg , or 9.0 mg / kg body weight of 
nosalicylate ) , an analgesic , an anesthetic , a sedative , a local the subject per administration . 
anesthetic , a neuromuscular blocker , an antimicrobial ( e.g. , The total dosage of an anti - IL - 12 / IL - 23p40 antibody to be 
aminoglycoside , an antifungal , an antiparasitic , an antiviral , administered the subject per administration can be admin 
a carbapenem , cephalosporin , a flurorquinolone , a mac- istered by intravenous infusion over a period of about 30 
rolide , a penicillin , a sulfonamide , a tetracycline , another 35 minutes to 180 minutes , preferably 60 minutes to 120 
antimicrobial ) , an antipsoriatic , a corticosteriod , an anabolic minutes , such as 30 minutes , 60 minutes , 90 minutes , 120 
steroid , a diabetes related agent , a mineral , a nutritional , a minutes , 150 minutes , or 180 minutes . 
thyroid agent , a vitamin , a calcium related hormone , an In yet another exemplary regimen of providing safe and 
antidiarrheal , an antitussive , an antiemetic , an antiulcer , a effective treatment of severely active UC in a subject in need 
laxative , an anticoagulant , an erythropoietin ( e.g. , epoetin 40 thereof , a total dosage of about 90 mg of an anti - IL - 12 / IL 
alpha ) , a filgrastim ( e.g. , G - CSF , Neupogen ) , a sargra- 23p40 antibody is administered subcutaneously to the sub 
mostim ( GM - CSF , Leukine ) , an immunization , an immuno- ject per administration . For example , the total volume of the 
globulin , an immunosuppressive ( e.g. , basiliximab , composition administered is appropriately adjusted to pro 
cyclosporine , daclizumab ) , a growth hormone , a hormone vide to the subject the target dosage of the antibody at 40 
replacement drug , an estrogen receptor modulator , a mydri- 45 mg , 50 mg , 60 mg , 70 mg , 80 mg , 90 mg , 100 mg , 110 mg , 
atic , a cycloplegic , an alkylating agent , an antimetabolite , a 120 mg , 130 mg or 140 mg per administration . The target 
mitotic inhibitor , a radiopharmaceutical , an antidepressant , dosage per administration can be administered in a single 
antimanic agent , an antipsychotic , an anxiolytic , a hypnotic , subcutaneous injection or in multiple subcutaneous injec 
a sympathomimetic , a stimulant , donepezil , tacrine , an tions , such as 1 , 2 , 3 , 4 , 5 , or more subcutaneous injections . 
asthma medication , a beta agonist , an inhaled steroid , a 50 The total dosage of the anti - IL - 12 / IL - 23p40 antibody can 
leukotriene inhibitor , a methylxanthine , a cromolyn , an be administered once per day , once per week , once per 
epinephrine or analog , dornase alpha ( Pulmozyme ) , a cyto- month , once every six months , etc. for a period of one day , 
kine or a cytokine antagonist . Suitable dosages are well one week , one month , six months , 1 year , 2 years or longer . 
known in the art . See , e.g. , Wells et al . , eds . , Pharmaco- Multiple administrations of the anti - IL - 12 / IL - 23p40 anti 
therapy Handbook , 2nd Edition , Appleton and Lange , Stam- 55 body , each at a total dosage of described herein , can be 
ford , Conn . ( 2000 ) ; PDR Pharmacopoeia , Tarascon Pocket administered to a subject in need thereof . 
Pharmacopoeia 2000 , Deluxe Edition , Tarascon Publishing , Dosage forms ( composition ) suitable for internal admin 
Loma Linda , Calif . ( 2000 ) ; Nursing 2001 Handbook of istration generally contain from about 0.001 milligram to 
Drugs , 21st edition , Springhouse Corp. , Springhouse , Pa . , about 500 milligrams of active ingredient per unit or con 
2001 ; Health Professional's Drug Guide 2001 , ed . , Shannon , 60 tainer . 
Wilson , Stang , Prentice - Hall , Inc , Upper Saddle River , N.J. , For parenteral administration , the antibody can be formu 
each of which references are entirely incorporated herein by lated as a solution , suspension , emulsion , particle , powder , 
reference . or lyophilized powder in association , or separately provided , 

Therapeutic Treatments with a pharmaceutically acceptable parenteral vehicle . 
Treatment of ulcerative colitis is affected by administer- 65 Examples of such vehicles are water , saline , Ringer's solu 

ing an effective amount or dosage of an anti - IL - 12 / 23p40 tion , dextrose solution , and 1-10 % human serum albumin . 
composition in a subject in need thereof . The dosage admin- Liposomes and nonaqueous vehicles , such as fixed oils , can 
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also be used . The vehicle or lyophilized powder can contain oxidizing agents that enable the application of formulations 
additives that maintain isotonicity ( e.g. , sodium chloride , containing proteins and peptides onto the skin ( WO 
mannitol ) and chemical stability ( e.g. , buffers and preserva- 98/53847 ) , or applications of electric fields to create tran 
tives ) . The formulation is sterilized by known or suitable sient transport pathways , such as electroporation , or to 
techniques . 5 increase the mobility of charged drugs through the skin , such 

Suitable pharmaceutical carriers are described in the most as iontophoresis , or application of ultrasound , such as sono 
recent edition of Remington's Pharmaceutical Sciences , A. phoresis ( U.S. Pat . Nos . 4,309,989 and 4,767,402 ) ( the Osol , a standard reference text in this field . above publications and patents being entirely incorporated Many known and developed modes can be used according herein by reference ) . to the present invention for administering pharmaceutically 10 
effective amounts of an IL - 12 / IL - 23p40 antibody . IL - 12 / IL EMBODIMENTS 23p40 or IL - 23 antibodies of the present invention can be 
delivered in a carrier , as a solution , emulsion , colloid , or The invention provides also the following non - limiting suspension , or as a dry powder , using any of a variety of embodiments . devices and methods suitable for administration by inhala- 15 
tion or other modes described here within or known in the 1. A method of treating moderately to severely active 

ulcerative colitis ( UC ) in a subject in need thereof , art . 
Formulations for parenteral administration can contain as comprising administering to the subject a pharmaceu 

common excipients sterile water or saline , polyalkylene tical composition comprising a clinically proven safe 
glycols , such as polyethylene glycol , oils of vegetable 20 and clinically proven effective amount of an anti - IL 
origin , hydrogenated naphthalenes and the like . Aqueous or 12 / IL - 23p40 antibody , wherein the antibody comprises 
oily suspensions for injection can be prepared by using an a heavy chain variable region and a light chain variable 
appropriate emulsifier or humidifier and a suspending agent , region , the heavy chain variable region comprising : a 
according to known methods . Agents for injection can be a complementarity determining region heavy chain 1 
non - toxic , non - orally administrable diluting agent , such as 25 ( CDRH1 ) amino acid sequence of SEQ ID NO : 1 ; a 
aqueous solution , a sterile injectable solution or suspension CDRH2 amino acid sequence of SEQ ID NO : 2 ; and a 
in a solvent . As the usable vehicle or solvent , water , Ringer's CDRH3 amino acid sequence of SEQ ID NO : 3 ; and the 
solution , isotonic saline , etc. are allowed ; as an ordinary light chain variable region comprising : a complemen 
solvent or suspending solvent , sterile involatile oil can be tarity determining region light chain 1 ( CDRL1 ) amino 
used . For these purposes , any kind of involatile oil and fatty 30 acid sequence of SEQ ID NO : 4 ; a CDRL2 amino acid 
acid can be used , including natural or synthetic or semisyn sequence of SEQ ID NO : 5 ; and a CDRL3 amino acid 
thetic fatty oils or fatty acids ; natural or synthetic or semi- sequence of SEQ ID NO : 6 . 
synthtetic mono- or di- or tri - glycerides . Parental adminis- 2. The method of embodiment 1 , wherein the antibody 
tration is known in the art and includes , but is not limited to , comprises the heavy chain variable region of the amino 
conventional means of injections , a gas pressured needle- 35 acid sequence of SEQ ID NO : 7 and the light chain 
less injection device as described in U.S. Pat . No. 5,851,198 , variable region of the amino acid sequence of SEQ ID 
and a laser perforator device as described in U.S. Pat . No. NO : 8 . 
5,839,446 entirely incorporated herein by reference . 3. The method of embodiment 1 , wherein the antibody 

Alternative Delivery comprises a heavy chain of the amino acid sequence of 
The invention further relates to the administration of an 40 SEQ ID NO : 10 and a light chain of the amino acid 

anti - IL - 12 / IL - 23p40 or IL - 23 antibody by parenteral , sub- sequence of SEQ ID NO : 11 . 
cutaneous , intramuscular , intravenous , intrarticular , intra- 4. The method of any one of embodiments 1 to 3 , wherein 
bronchial , intraabdominal , intracapsular , intracartilaginous , the antibody is administered intravenously to the sub 
intracavitary , intracelial , intracerebellar , intracerebroven- ject , preferably at week 0 of the treatment , at a dosage 
tricular , intracolic , intracervical , intragastric , intrahepatic , 45 of about 6.0 mg / kg body weight of the subject or 130 
intramyocardial , intraosteal , intrapelvic , intrapericardiac , mg per administration . 
intraperitoneal , intrapleural , intraprostatic , intrapulmonary , 5. The method of any one of embodiments 1 to 4 , wherein 
intrarectal , intrarenal , intraretinal , intraspinal , intrasynovial , the antibody is further administered subcutaneously to 
intrathoracic , intrauterine , intravesical , intralesional , bolus , the subject , preferably at week 8 of the treatment , at a 
vaginal , rectal , buccal , sublingual , intranasal , or transdermal 50 dosage of about 90 mg per administration . 
means . An anti - IL - 12 / IL - 23p40 or IL - 23 antibody compo- 6. The method of any one of embodiments 1 to 5 , wherein 
sition can be prepared for use for parenteral ( subcutaneous , the subject had previously failed or were intolerant of 
intramuscular or intravenous ) or any other administration at least one therapy selected from the group consisting 
particularly in the form of liquid solutions or suspensions ; of an anti - TNF , vedolizumab , corticosteroids , azathio 
for use in vaginal or rectal administration particularly in 55 prine ( AZA ) , and 6 mercaptopurine ( 6 MP ) , or the 
semisolid forms , such as , but not limited to , creams and subject had demonstrated corticosteroid dependence . 
suppositories ; for buccal , or sublingual administration , such 7. The method of embodiment 5 , wherein the antibody is 
as , but not limited to , in the form of tablets or capsules ; or administered in a maintenance dose every 8 weeks after 
intranasally , such as , but not limited to , the form of powders , the treatment at week 8 or every 12 weeks after the 
nasal drops or aerosols or certain agents ; or transdermally , 60 treatment at week 8 . 
such as not limited to a gel , ointment , lotion , suspension or 8. The method of embodiment 7 , wherein the subject is a 
patch delivery system with chemical enhancers such as responder to the treatment with the antibody and is 
dimethyl sulfoxide to either modify the skin structure or to identified as having a clinical remission based on at 
increase the drug concentration in the transdermal patch least one of the global definition and the US definition 
( Junginger , et al . In “ Drug Permeation Enhancement ; " 65 by week 16 , preferably by week 8 , more preferably by 
Hsieh , D.S. , Eds . , pp . 59-90 ( Marcel Dekker , Inc. New York week 2 , of the treatment and the clinical remission 
1994 , entirely incorporated herein by reference ) , or with continues at least 44 weeks after week 0 . 
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9. The method of embodiment 8 , wherein the subject is in captopurine ( 6 MP ) , or the subject had demon 
corticosteroid - free clinical remission at least 44 weeks strated corticosteroid dependence . 
after week 0 . 18. The method of embodiment 17 , wherein the antibody 

10. The method of embodiment 7 , wherein the subject is comprises the heavy chain variable region of the amino 
a responder to the treatment with the antibody and is 5 acid sequence of SEQ ID NO : 7 and the light chain 
identified as having an endoscopic healing continuing variable region of the amino acid sequence of SEQ ID 
at least 44 weeks after week 0 . NO : 8 . 

11. The method of embodiment 7 , wherein the subject is 19. The method of embodiment 17 , wherein the antibody 
a responder to the treatment with the antibody and is comprises a heavy chain of the amino acid sequence of 
identified as achieving a clinical response based on the SEQ ID NO : 10 and a light chain of the amino acid 

sequence of SEQ ID NO : 11 . Mayo endoscopy subscore continuing at least 44 weeks 20. The method of any one of embodiments 1-19 , wherein after week 0 . the pharmaceutical composition for intravenous admin 12. The method of embodiment 7 , wherein the subject is istration further comprises a solution comprising 10 a responder to the treatment with the antibody and is mM L - histidine , 8.5 % ( w / v ) sucrose , 0.04 % ( w / v ) identified as having a change from baseline in Inflam polysorbate 80 , 0.4 mg / mL L - methionine , and 20 
matory Bowel Disease Questionnaire ( IBDQ ) score ug / mL EDTA disodium salt , dehydrate , at pH 6.0 . 
continuing at least 44 weeks after week 0 . 21. The method of any one of embodiments 1-20 , wherein 

13. The method of embodiment 7 , wherein the subject is the pharmaceutical composition for subcutaneous 
a responder to the treatment with the antibody and is 20 administration further comprises a solution comprising 
identified as having a mucosal healing continuing at 6.7 mM L - histidine , 7.6 % ( w / v ) sucrose , 0.004 % ( w / v ) 
least 44 weeks after week 0 . polysorbate 80 , at pH 6.0 . 

14. The method of embodiment 7 , wherein the subject is 22. The method of any one of embodiments 1-21 , wherein 
a responder to the treatment with the antibody and is the subject is a responder to the treatment with the 
identified as having a decrease from baseline in Mayo 25 antibody and is identified as having a clinical remission 
score continuing at least 44 weeks after week 0 . based on at least one of the global definition and the US 

15. The method of embodiment 7 , wherein the subject is definition by week 16 , preferably by week 8 , more 
a responder to the treatment with the antibody and is preferably by week 2 , of the treatment . 
identified as having a normalization of one or more 23. The method of any one of embodiments 1-22 , wherein 
biomarkers selected from the group consisting of C - re- 30 the subject is a responder to the treatment with the 
active protein , fecal lactoferrin and fecal calprotectin antibody and is identified as having an endoscopic 
continuing at least 44 weeks after week 0 . healing by week 16 , preferably by week 8 , more 

16. The method of embodiment 7 , wherein the subject is preferably by week of the treatment . 
in clinical response as determined by a decrease from 24. The method of any one of embodiments 1-23 , wherein 
baseline in the Mayo score by 230 % and 23 points and 35 the subject is a responder to the treatment with the 
a decrease from baseline in the rectal bleeding antibody and is identified as achieving a clinical 
subscore 21 points or a rectal bleeding subscore of 0 or response based on the Mayo endoscopy subscore by 
1 continuing at least 44 weeks after week 0 . week 16 , preferably by week 8 , more preferably by 

17. A method of treating moderately to severely active week 2 , of the treatment . 
ulcerative colitis ( UC ) in a subject in need thereof , 40 25. The method of any one of embodiments 1-24 , wherein 
comprising : the subject is a responder to the treatment with the 
a . intravenously administering to the subject an anti- antibody and is identified as having a change from 

IL - 12 / IL - 23p40 antibody in a first pharmaceutical baseline in Inflammatory Bowel Disease Questionnaire 
composition at a dosage of about 6.0 mg / kg body ( IBDQ ) score by week 16 , preferably by week 8 , more 
weight of the subject or 130 mg per administration at 45 preferably by week 2 , of the treatment . 
week 0 of the treatment , and 26. The method of any one of embodiments 1-25 , wherein 

b . subcutaneously administering to the subject the the subject is a responder to the treatment with the 
anti - IL - 12 / IL - 23p40 antibody in a second pharma- antibody and is identified as having a mucosal healing 
ceutical composition at a dosage of 90 mg per by week 16 , preferably by week 8 , more preferably by 
administration , preferably at week 8 of the treatment , 50 week 2 , of the treatment . 
wherein the antibody comprises a heavy chain vari- 27. The method of any one of embodiments 1-26 , wherein 

able region and a light chain variable region , the the subject is a responder to the treatment with the 
heavy chain variable region comprising : a antibody and is identified as having a decrease from 
complementarity determining region heavy chain baseline in Mayo score by week 16 , preferably by week 
1 ( CDRH1 ) amino acid sequence of SEQ ID 55 8 , more preferably by week 2 , of the treatment . 
NO : 1 ; a CDRH2 amino acid sequence of SEQ ID 28. The method of any one of embodiments 1-27 , wherein 
NO : 2 ; and a CDRH3 amino acid sequence of SEQ the subject is a responder to the treatment with the 
ID NO : 3 ; and the light chain variable region antibody and is identified as having a normalization of 
comprising : a complementarity determining one or more biomarkers selected from the group con 
region light chain 1 ( CDRL1 ) amino acid 60 sisting of C - reactive protein , fecal lactoferrin and fecal 
sequence of SEQ ID NO : 4 ; a CDRL2 amino acid calprotectin by week 16 , preferably by week 8 , more 
sequence of SEQ ID NO : 5 ; and a CDRL3 amino preferably by week 2 , of the treatment . 
acid sequence of SEQ ID NO : 6 ; and 29. The method of any one of embodiments 1-28 , wherein 

wherein the subject had previously failed or were the subject is in clinical response as determined by a 
intolerant of at least one therapy selected from the 65 decrease from baseline in the Mayo score by 30 % 
group consisting of : an anti - TNF , vedolizumab , and 23 points and a decrease from baseline in the rectal 
corticosteroids , azathioprine ( AZA ) , and 6 mer- bleeding subscore xl points or a rectal bleeding sub 
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score of 0 or 1 by week 16 , preferably by week 8 , more b ) results in a health care professional ( HCP ) to pur 
preferably by week 2 , of the treatment . chase the drug product ; thereby selling the drug prod 

30. The method of any one of embodiments 17-21 , uct . 
wherein the subject is not a responder to the treatment Having generally described the invention , the same will 
with the antibody by week 8 and is a responder to the 5 be more readily understood by reference to the following 
treatment by week 16 of the treatment . Examples , which are provided by way of illustration and are 

31. A method of treating moderately to severely active not intended as limiting . Further details of the invention are 
ulcerative colitis ( UC ) in a subject in need thereof , illustrated by the following non - limiting Examples . The comprising : disclosures of all citations in the specification are expressly 
a . intravenously administering to the subject an anti- 10 incorporated herein by reference . 

IL - 12 / IL - 23p40 antibody in a first pharmaceutical 
composition at a dosage of about 6.0 mg / kg body EXAMPLES 
weight of the subject or 130 mg per administration at 
week 0 of the treatment , and Example 1 : Induction Study of Ustekinumab in the 

b . subcutaneously administering to the subject the 15 Treatment of Ulcerative Colitis in Humans 
anti - IL - 12 / IL - 23p40 antibody in a second pharma 
ceutical composition at a dosage of 90 mg per The following multicenter , randomized , double - blind , 
administration , preferably at week 8 of the treatment , placebo - controlled , clinical study in adult men and women 
wherein the antibody comprises a heavy chain vari- with moderately to severely active ulcerative colitis ( UC ) 

able region and a light chain variable region , the 20 was performed : A Phase 3 , Randomized , Double - blind , 
heavy chain variable region comprising : a Placebo - controlled , Parallel - group , Multicenter Study to 
complementarity determining region heavy chain Evaluate the Safety and Efficacy of ustekinumab Induction 
1 ( CDRH1 ) amino acid sequence of SEQ ID and Maintenance Therapy in Subjects with Moderately to 
NO : 1 ; a CDRH2 amino acid sequence of SEQ ID Severely Active Ulcerative Colitis 
NO : 2 ; and a CDRH3 amino acid sequence of SEQ 25 Overall Rationale 
ID NO : 3 ; and the light chain variable region A study was performed to assess the efficacy of intrave 
comprising : a complementarity determining nous ( IV ) administration of ustekinumab in subjects with 
region light chain 1 ( CDRL1 ) amino acid moderately to severely active ulcerative colitis who demon 
sequence of SEQ ID NO : 4 ; a CDRL2 amino acid strated inadequate response or failure to tolerate conven 
sequence of SEQ ID NO : 5 ; and a CDRL3 amino 30 tional ( corticosteroids or 6 - mercaptopurine / azathioprine 
acid sequence of SEQ ID NO : 6 followed by a [ 6 - MP / AZAD ) or biologic therapy ( TNF antagonist and / or 
maintenance therapy the integrin antagonist , vedolizumab ) . Subjects received a 

wherein the maintenance therapy comprises subcu- single 130 mg , a single 6 mg / kg IV dose , or placebo at Week 
taneously administering to the subject the anti - IL- 0. Subjects who demonstrated no clinical response at Week 
12 / IL - 23p40 antibody at a dosage of 90 mg per 35 8 received an additional IV or subcutaneous ( SC ) dose at 
administration , once every 8 weeks or once every Week 8 . 
12 weeks , and wherein the maintenance therapy is Objectives 
provided for 44 weeks . The primary objectives of the study included ( 1 ) evalu 

32. A pharmaceutical composition of an anti - IL - 12 / IL- ating the efficacy of ustekinumab in inducing clinical remis 
23p40 antibody , comprising an antibody and packaging 40 sion in subjects with moderately to severely active UC ; and 
comprising one or more drug product label elements ( 2 ) evaluating the safety of the IV ustekinumab in subjects 
disclosed in Annex I including data from a randomized , with moderately to severely active UC . 
double - blind , placebo - controlled , clinical study in adult The secondary objectives of the study included ( 1 ) evalu 
men and women with moderately to severely active ating the efficacy of IV ustekinumab in inducing endoscopic 
ulcerative colitis ( UC ) , wherein the antibody com- 45 healing ( i.e. improvement in the endoscopic appearance of 
prises : ( i ) a heavy chain variable region and a light mucosa ) in subjects with moderately to severely active UC ; 
chain variable region , the heavy chain variable region ( 2 ) evaluating the efficacy of IV ustekinumab in inducing 
comprising : a complementarity determining region clinical response in subjects with moderately to severely 
heavy chain 1 ( CDRH1 ) amino acid sequence of SEQ active UC ; ( 3 ) evaluating the impact of IV ustekinumab on 
ID NO : 1 ; a CDRH2 amino acid sequence of SEQ ID 50 disease - specific health - related quality of life ; ( 4 ) evaluating 
NO : 2 ; and a CDRH3 amino acid sequence of SEQ ID the efficacy of ustekinumab treatment on mucosal healing 
NO : 3 ; and the light chain variable region comprising : ( i.e , endoscopic healing and histologic healing ) ; ( 5 ) evalu 
a complementarity determining region light chain 1 ating the efficacy of induction therapy with IV ustekinumab 
( CDRL1 ) amino acid sequence of SEQ ID NO : 4 ; a by biologic failure status ; and ( 6 ) evaluating the pharmaco 
CDRL2 amino acid sequence of SEQ ID NO : 5 ; and a 55 kinetics ( PK ) , immunogenicity , and pharmacodynamics 
CDRL3 amino acid sequence of SEQ ID NO : 6 ; ( ii ) a ( PD ) of ustekinumab induction therapy in subjects with 
heavy chain variable region of the amino acid sequence moderately to severely active UC , including changes in 
of SEQ ID NO : 7 and a light chain variable region of the C - reactive protein ( CRP ) , fecal calprotectin , fecal lactofer 
amino acid sequence of SEQ ID NO : 8 ; or ( iii ) a heavy rin , and other PD biomarkers . 
chain of the amino acid sequence of SEQ ID NO : 10 and 60 The exploratory objectives of the study included ( 1 ) 
a light chain of the amino acid sequence of SEQ ID evaluating response using the Mayo score without the phy 
NO : 11 . sician's global assessment ( PGA ) subscore and ( 2 ) evaluat 

33. A method of selling a drug product comprising ing the performance of the Bristol Stool Form Scale ( BSFS ) 
ustekinumab , comprising : manufacturing ustekinumab ; 
promoting that a therapy comprising ustekinumab is 65 Experimental Design 
safe and effective for treatment of a subject with The Phase 3 development program for ustekinumab com 
ulcerative colitis , wherein performing the steps a ) and prised 2 separate studies , an induction study and a mainte 

score . 

Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 395 of 557 PageID #: 9312



30 

US 10,961,307 B2 
43 44 

nance study . In the induction study , subjects were random- dated electrochemiluminescent immunoassay ( ECLIA ) 
ized at Week 0 into one of three treatment groups : placebo , method on the Meso Scale Discovery ( MSD® ) platform 
low - dose ustekinumab , and high - dose ustekinumab . At ( Gaithersburg , Md . , USA ) . The lowest quantifiable concen 
Week 8 , all subjects were evaluated for the primary endpoint tration in a sample for the ECLIA method using the MSD 
of clinical remission and clinical response . Subjects who 5 platform was 0.1688 ug / mL . 
achieved a clinical response at Week 8 were eligible to enter Immunogenicity 
the maintenance study . Subjects who did not achieve clinical Antibodies to ustekinumab were evaluated using serum 
response at Week 8 received a second dose of ustekinumab samples collected from all subjects . Analyses of antibodies 
at Week 8 of treatment . to ustekinumab were performed using a validated , drug 

At Week 16 , subjects who did not achieve clinical 10 tolerant , electrochemiluminescence immunoassay ( ECLIA ) , 
response at Week 8 were re - evaluated for clinical response . in which ustekinumab was used to capture and detect 
Subjects who achieved clinical response at Week 16 were induced immune responses to ustekinumab . Antibody titers 
eligible to enter the maintenance study . Subjects who did not were determined for all subjects who had antibodies to 
achieve clinical response at Week 16 were not eligible to ustekinumab and the neutralizing antibody ( Nab ) status of 
enter the maintenance study and had a safety follow - up visit 15 anti - drug antibody positive samples were determined . 
approximately 20 weeks after their last dose of study agent Efficacy Evaluation 
( Week 8 ) . Efficacy evaluations were collected throughout the study . 

Subjects who were in clinical response to IV ustekinumab Mayo score and partial Mayo score , Ulcerative Colitis 
during induction comprised the primary population in the Endoscopic Index of Severity ( UCEIS ) , Bristol Stool Form 
maintenance study . The maintenance study is a randomized 20 Scale ( BSFS ) , C - reactive protein ( CRP ) , fecal lactoferrin , 
withdrawal study designed to evaluate maintenance therapy fecal calprotectin , Inflammatory Bowel Disease Question 
using SC ustekinumab and is currently ongoing . naire ( IBDQ ) , 36 - item Short Form Health Survey ( SF - 36 ) , 

Dosage and Administration and EuroQoL - 5D Health Questionnaire were all evaluated to 
Subjects received a single IV dose of ustekinumab or determine efficacy . The efficacy criteria were defined as 

placebo at Week 0 of the study . The induction study anti- 25 follows : 
bodies with the administered doses are as follows : Clinical remission ( global submissions ) : Mayo score s2 

Ustekinumab at a low , fixed does of 130 mg points , with no individual subscore > 1 . 
Ustekinumab at a high , weight - range based dose of ~ 6 Clinical remission ( US submissions ) : absolute stool num 
mg / kg : ber s3 , rectal bleeding subscore of 0 , and Mayo endos 
Ustekinumab 260 mg ( body - weights55 kg ) copy subscore of 0 or 1 . 
Ustekinumab 390 mg ( body - weight > 55 kg but s85 kg ) Clinical response : a decrease from induction baseline in 
Ustekinumab 520 mg ( body - weight > 85 kg ) the Mayo score by 30 % and 23 points , with either a 

Subjects who did not present a clinical response received decrease from baseline in the rectal bleeding 
a second dose of ustekinumab at Week 8. The study anti- subscore 21 or a rectal bleeding subscore of 0 or 1 . 
bodies with the second administered doses are as follows : 35 Endoscopic healing ( i.e. , improvement in the endoscopic 

Subjects who were randomized to placebo at Week 0 appearance of the mucosa ) : Mayo endoscopy subscore 
received 1 dose of ustekinumab ~ 6 mg / kg IV + placebo of 0 or 1 . 
SC ( to maintain the blind ) at Week 8 . Histologic healing : based on the Geboes score and is 

Subjects who were randomized to ustekinumab at Week 0 defined as 0 to < 5 % neutrophils in epithelium and no 
received 1 dose of ustekinumab 90 mg SC + placebo IV 40 crypt destruction , erosions , ulcerations , or granulations . 
( to maintain the blind ) at Week 8 . Mucosal healing : both endoscopic healing and histologic 

Safety Evaluations healing . 
Safety was evaluated based on AEs and clinical laboratory Normal or inactive mucosal disease : Mayo endoscopy 

test results ( i.e. , hematology and serum chemistry ) . Adverse subscore of 0 . 
events were either voluntarily reported by the subject or 45 Symptomatic remission : Mayo stool frequency subscore 
were obtained by means of interviewing subjects in a of 0 or 1 and a rectal bleeding subscore of 0 . 
non - directed manner at study visits . Safety evaluations Normalization of CRP concentration : CRP 
included the following clinical laboratory tests : concentration s3 mg / L . 

Hematology : Hemoglobin ( Hb ) , hematocrit , red blood Normalization of fecal lactoferrin concentration : fecal 
cell count , white blood cell ( WBC ) count , and platelets . 50 lactoferrin concentration s7.24 ug / g . 

Serum Chemistry : Sodium , potassium , chloride , blood Normalization of fecal calprotectin concentration : fecal 
urea nitrogen ( BUN ) , creatinine , aspartate aminotrans- calprotectin concentration 5250 mg / kg . 
ferase ( AST ) , alanine aminotransferase ( ALT ) , total Modified Mayo score response : 
and direct bilirubin , alkaline phosphatase , calcium , Definition 1 : a decrease in the modified Mayo score 
phosphate , albumin , total protein . of 22 points and 35 % and either a decrease in the 

Screening : Serology for human immunodeficiency virus rectal bleeding subscore of zl or a rectal bleeding 
antibody , serology for hepatitis C virus ( HCV ) anti subscore of 0 or 1 . 
body , serology for hepatitis B virus ( HBV ) antibody , Definition 2 : a decrease in the modified Mayo score 
hepatitis B surface antigen , HBV surface antibody of 22 points and 230 % and either a decrease in rectal 
( anti - HBs ) , and HBV core ( anti - HBc ) antibody total , 60 bleeding of 21 or a rectal bleeding score of 0 or 1 . 
QuantiFERON - TB Gold test , pregnancy ( ß human Safety Results 
chorionic gonadotropin [ ( B - HCG ] ) . Intravenous ustekinumab doses of both ~ 6 mg / kg and 130 

Pharmacokinetics mg were generally well - tolerated with a safety profile that 
Blood samples for the measurement of was generally comparable with placebo through Week 8.0f 

ustekinumab concentrations were collected at Week 0 ( pre- 65 the 960 subjects in the safety analysis set , 1 or more 
and postinfusion ) and Weeks 2 , 4 , and 8. Analyses of serum treatment - emergent AEs was reported through Week 8 for 
ustekinumab concentrations were performed using a vali- 50.0 % , 41.4 % , and 48.0 % of subjects in the ~ 6 mg / kg , 130 

55 

serum 
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mg , and placebo groups , respectively . Through Week 8 , the final safety visit . Among subjects who received 
serious adverse effects ( SAEs ) were reported for 3.1 % , ustekinumab 90 mg SC at Week 8 , the incidence of anti 
3.7 % , and 6.6 % of subjects in the ~ 6 mg / kg , 130 mg , and bodies to ustekinumab through Week 16 was numerically 
placebo groups , respectively . higher in the 130 mg IV - 90 mg SC group compared to the 
AEs within 1 hour of infusion were 0.9 % , 2.2 % , and 1.9 % 5 -6 mg / kg IV - 90 mg SC group ( 4.5 % [ 6 of 132 subjects ] vs 

in the ~ 6 mg / kg , 130 mg , and placebo groups , respectively . 1.0 % [ 1 of 101 subjects ] ) . 
The proportions of subjects with 1 or more infections Efficacy Results 

were 15.3 % , 15.9 % , and 15.0 % in the m6 mg / kg , 130 mg , Clinical Remission at Week 8 - Global Definition 
and placebo groups , respectively . Serious infections were At Week 8 , significantly greater proportions of subjects in 
reported for 0.3 % , 0.6 % , and 1.3 % of subjects in the ~ 6 10 the ~ 6 mg / kg and 130 mg groups achieved clinical remission 
mg / kg , 130 mg , and placebo groups , respectively . ( 15.5 % and 15.6 % , respectively ) compared with subjects in 

Pharmacokinetics Results the placebo group ( 5.3 % ; p < 0.001 for both comparisons ; 
Serum samples were collected at Week 0 ( preadministra Table 1 ) . 

tion ) , Week 0 ( 1 hr post - administration , Week 2 , Week 4 , and 
Week 8. For subjects randomized to ustekinumab treatment , 15 TABLE 1 
a single IV infusion of ustekinumab was given either as a 
weight - based tiered dose of ~ 6 mg / kg ( ie , 260 mg for Number of Subjects in Clinical Remission 

( Global Definition ) at Week 8 subjects with body - weights55 kg , 390 mg for subjects with 
body - weight > 55 kg and < 85 kg , or 520 mg for subjects with Ustekinumab IV 
body - weight > 85 kg ) , or as a fixed dose of 130 mg . Consid- 20 

Combined ering that the median body - weight of subjects in the 130 mg 6 mg / kg 

group was 72 kg , the ustekinumab 130 mg dose corre Primary 
sponded to -2 mg / kg on a per - kg basis . Thus , on average , Efficacy 
ustekinumab exposure in the ~ 6 mg / kg group was approxi- Analysis Set Week 8 ( N ) mately 3 times that of the 130 mg group . In line with this 25 Subjects in 17 ( 5.3 % ) 50 ( 15.6 % ) 50 ( 15.5 % ) 100 ( 15.6 % ) expectation , after a single IV administration of ustekinumab clinical 
~ 6 mg / kg or 130 mg , median serum ustekinumab concen- remission 
trations were approximately dose proportional at all sam Adjusted 
pling timepoints through Week 8. Median peak serum difference 
ustekinumab concentrations , which were observed 1 hour 30 ( 97.5 % CI ) ( 5.7 , 14.9 ) ( 5.6 , 14.8 ) ( 6.6 , 13.9 ) 
after the end of the infusion at Week 0 , were 127.0 ug / mL p - value 
and 43.16 ug / mL for the ~ 6 mg / kg and 130 mg groups , N = number of subjects ; respectively . At Week 8 , the time of the primary efficacy 
endpoint , the median serum ustekinumab concentrations 
were 8.59 ug / mL and 2.51 ug / mL for the ~ 6 mg / kg and 130 35 Clinical Remission at Week 8 - US Definition 
mg groups , respectively . At Week 8 , significantly greater proportions of subjects in 

Subjects who were not in clinical response at Week 8 the ~ 6 mg / kg and 130 mg groups achieved clinical remission 
following administration of placebo IV at Week 0 received ( 18.9 % and 16.6 % , respectively ) compared with subjects in 
ustekinumab ~ 6 mg / kg IV at Week 8 , while subjects who the placebo group ( 6.3 % ; p < 0.001 for both comparisons ; 
were not in clinical response at Week 8 following adminis- 40 Table 2 ) . 
tration of ustekinumab IV at Week 0 received ustekinumab 
90 mg SC at Week 8. Among subjects who received placebo TABLE 2 
IV at Week 0 and who subsequently received ustekinumab 
~ 6 mg / kg IV at Week 8 , median serum ustekinumab con Number of Subjects in Clinical Remission 

( US Definition ) at Week 8 centration at Week 16 ( 8 weeks after the ustekinumab IV 45 
dose ) was slightly higher than that observed at Week 8 Ustekinumab IV 
( among subjects who received ustekinumab ~ 6 mg / kg IV at 

Combined Week 0 [ 10.51 ug / mL versus 8.59 ug / mL , respectively ] ) . 6 mg / kg 

Among subjects who received ustekinumab 90 mg SC at Primary 
Week 8 ( following their initial IV ustekinumab dose at Week 50 Efficacy 
0 ) , the median serum ustekinumab concentration at Week 16 Analysis Set 

Week 8 ( N ) was slightly higher in subjects who received ustekinumab ~ 6 Subjects in 20 ( 6.3 % ) 53 ( 16.6 % ) 61 ( 18.9 % ) 114 ( 17.8 % ) mg / kg IV at Week 0 compared to those who received clinical 
ustekinumab 130 mg at Week 0 ( 1.92 ug / mL versus 1.59 remission 
ug / mL , respectively ) 

Treatment Immunogenicity Results difference Of the 635 subjects in the ustekinumab groups with ( 97.5 % CI ) ( 4.8 , 15.8 ) ( 7.0 , 18.4 ) ( 7.0 , 16 ) 
appropriate samples for the assessment of antibodies to p - value 
ustekinumab , 4 ( 0.6 % ) subjects were positive for antibodies number of subjects ; to ustekinumab through Week 8. Of these 4 subjects , 2 60 
( 50 % ) were positive for NAbs . 
Of 822 subjects who received ustekinumab at any time Endoscopic Healing at Week 8 

through Week 16 , and had appropriate samples for the At Week 8 , significantly greater proportions of subjects in 
assessment of anti - drug antibodies ( ADAs ) , 18 subjects the ~ 6 mg / kg and 130 mg groups achieved endoscopic 
( 2.2 % ) were positive for antibodies to ustekinumab through 65 healing ( 27.0 % and 26.3 % , respectively ) compared with 
the final safety visit . Of these , 4 of 15 subjects ( 26.7 % ) were subjects in the placebo group ( 13.8 % ; p < 0.001 for both 
positive for NAbs among those evaluable for NAbs through comparisons ; Table 3 ) . 

CI = confidence interval 

Placebo 

IV 130 mg 

319 320 322 642 

319 320 322 642 

55 Adjusted 10.3 12.7 11.5 

< 0.001 < 0.001 < 0.001 

N 

CI = confidence interval 
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TABLE 3 remission ( 44.7 % and 41.3 % , respectively ) compared with 
subjects in the placebo group ( 22.6 % ; p < 0.001 for both 

Number of Subjects with Endoscopic Healing at Week 8 comparisons ) . 
Histologic Healing at Week 8 Placebo Ustekinumab IV Histologic healing was defined as 0 to < 5 % neutrophils in 

6 mg / kg epithelium and no crypt destruction , erosions , ulcerations , or 
granulations . At Week 8 , significantly greater proportions of Primary 322 

Efficacy subjects in the ~ 6 mg / kg and 130 mg groups achieved 
Analysis Set histologic healing ( 35.6 % and 37.9 % , respectively ) com 
Week 8 ( N ) 10 pared with subjects in the placebo group ( 21.9 % ; p < 0.001 Subjects with 44 ( 13.8 % ) 84 ( 26.3 % ) 87 ( 27.0 % ) 171 ( 26.6 % ) for both comparisons ) . endoscopic Change from Baseline in Mayo Score at Week 8 healing 
Adjusted At baseline , the mean Mayo scores were the same across 

all treatment groups ( 8.9 for all groups ) . At Week 8 , the 
difference 15 mean decreases from baseline in Mayo scores were signifi ( 95 % CI ) ( 6.5 , 18.4 ) ( 7.3 , 19.3 ) ( 7.9 , 17.8 ) 
( 97.5 % CI ) ( 5.2 , 19.2 ) ( 6.4 , 20.1 ) ( 7.2 , 18.5 ) cantly greater in the ~ 6 mg / kg and 130 mg groups ( 3.5 and 
p - value 3.2 , respectively ) compared with the placebo group ( 1.8 ; 

p < 0.001 for both comparisons ) . 
N = number of subjects ; Change from Baseline in Partial Mayo Score Through 

20 Week 8 
Clinical Response at Week 8 At baseline , the mean partial Mayo scores were the same 
At Week 8 , significantly greater proportions of subjects in across all treatment groups ( 6.2 for all groups ) . As early as 

the ~ 6 mg / kg and 130 mg groups achieved clinical response Week 2 and continuing for visits through Week 8 , the mean 
( 61.8 % and 51.3 % , respectively ) compared with subjects in decreases in the partial Mayo score were significantly 
the placebo group ( 31.3 % ; p < 0.001 for both comparisons ; 25 greater in the ~ 6 mg / kg and 130 mg groups compared with 
Table 4 ) . the placebo group . At Week 2 , the mean decreases from 

baseline in the partial Mayo scores were 1.6 and 1.5 , in the 
TABLE 4 m6 mg / kg and 130 mg , respectively , compared with 1.0 in 

the placebo group ( p < 0.001 for both comparisons ) . At Week 
Number of Subjects in Clinical Response 30 8 , the mean decreases from baseline in the partial Mayo 

Ustekinumab IV scores were 2.9 and 2.6 , in the m6 mg / kg and 130 mg , 
respectively , compared with 1.5 in the placebo group 

6 mg / kg Combined ( p < 0.001 for both comparisons ) . 
UCEIS Score at Week 8 Primary 

Efficacy The UCEIS score provides an overall assessment of 
Analysis Set endoscopic severity of UC , based on mucosal vascular 
Week 8 ( N ) pattern , bleeding , and ulceration . The score ranges from 3 to Subjects in 100 ( 31.3 % ) 164 ( 51.3 % ) 199 ( 61.8 % ) 363 ( 56.5 % ) 11 with a higher score indicating more severe disease by clinical 

endoscopy . The UCEIS score was assessed only during the 
Adjusted 30.5 40 central read of the video of the endoscopy . 

At baseline , the mean UCEIS scores were similar across difference all treatment groups ( 7.6 , 7.5 , 7.5 in the ~ 6 mg / kg , 130 mg ( 95 % CI ) ( 12.8 , 27.3 ) ( 23.2 , 37.8 ) ( 18.9 , 31.5 ) 
( 97.5 % CI ) | ( 11.4 , 28.3 ) ( 22.2 , 38.8 ) ( 18.0 , 32.4 ) and placebo groups , respectively ) . At Week 8 , the mean 
p - value < 0.001 decreases from baseline in UCEIS scores were significantly 

45 greater in the ~ 6 mg / kg and 130 mg groups ( 1.3 and 1.1 , N = number of subjects ; respectively ) compared with the placebo group ( 0.5 ; 
p < 0.001 for both comparisons ) . 

Change in Baseline in Total IBDQ Score at Week 8 At Week 8 , significantly greater proportions of subjects in 
At baseline , median IBDQ scores were similar across all the ~ 6 mg / kg and 130 mg groups had a UCEIS score of < 4 

treatment groups . At Week 8 , the median improvements 50 ( 20.2 % and 19.1 % , respectively ) compared with subjects in 
from baseline in the IBDQ scores were significantly greater the placebo group ( 11.0 % ; p < 0.001 and p = 0.004 , respec 
in the ~ 6 mg / kg and 130 mg groups ( 31.0 and 31.5 , tively ) . It is hypothesized that a UCEIS score of s4 is 
respectively ) compared with the placebo group ( 10.0 ; associated with Mayo endoscopic subscores of 0 or 1 that 
p < 0.001 for both comparisons ) . have defined endoscopic healing in this study . 

Clinical Remission at Week 8 Bristol Stool Form Scale Score 
When remission was assessed as clinical remission The BSFS score at a visit was the average of the 3 - day 

( global definition ) with a rectal bleeding subscore of 0 at daily average of the BSFS score prior to the visit . The same 
Week 8 , the proportions of subjects who achieved this 3 days used to calculate the stool frequency and rectal 
endpoint were almost identical to that observed based on the bleeding subscores of the Mayo score were used to calculate 
primary efficacy analysis ( global definition ) . Significantly 60 the average BSFS score for the visit . 
greater proportions of subjects in the ~ 6 mg / kg and 130 mg Approximately 40 % ( 370/961 ) of randomized subjects 
groups achieved this endpoint ( 15.2 % and 15.3 % , respec- had BSFS score collected at baseline . At baseline , 99.2 % 
tively ) compared with subjects in the placebo group ( 5.3 % ; ( 367/370 ) of the subjects had average BSFS scores of 23 and 
p < 0.001 for both comparisons ) . the majority of subjects ( 54.3 % ) had average BSFS scores 

Symptomatic Remission at Week 8 65 of 26 , indicating diarrhea . As early as Week 2 and continuing 
At Week 8 , significantly greater proportions of subjects in for visits through Week 8 , the proportions of subjects with 

the ~ 6 mg / kg and 130 mg groups achieved symptomatic diarrhea ( average BSFS scores of 26 ) were smaller in the ~ 6 

Placebo IV 130 mg 

319 320 322 642 
35 

319 320 322 642 

response 
19.9 25.2 

Treatment 

< 0.001 < 0.001 

CI = confidence interval 
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mg / kg and 130 mg groups compared with the placebo group . included the following : subjects who were randomized to 
At Week 8 , 22.8 % , 21.1 % , and 32.0 % of subjects had receive ustekinumab ( ie , 130 mg IV or ~ 6 mg / kg IV ) at 
diarrhea ( average BSFS scores of 26 ) in the ~ 6 mg / kg , 130 Week 0 of the induction study and were in clinical response 
mg and placebo groups , respectively . Furthermore , at Week at induction Week 8 ; and subjects who were randomized to 
8 the proportion of subjects with normal stool ( 23 and < 5 ) 5 receive placebo at Week 0 of the induction study and were 
was greater in the ~ 6 mg / kg and 130 mg groups compared not in clinical response at induction Week 8 but were in 
with placebo ( 48.3 % , 48.9 % , and 29.3 % , respectively ) . clinical response at induction Week 16 after receiving a dose 

Normalization of C - Reactive Protein of IV ustekinumab ( ~ 6 mg / kg ) at induction Week 8 ( place C - reactive protein ( CRP ) is used as a marker of inflam bo = ustekinumab ~ 6 mg / kg IV ) . These subjects were ran 
mation in subjects with IBD . In UC , elevated CRP has been 10 domized in a 1 : 1 : 1 ratio at maintenance Week 0 to receive 
associated with severe clinical activity , an elevated sedimen ustekinumab 90 mg SC every 8 weeks ( q8w ) , ustekinumab tation rate , and active disease as detected by colonoscopy . 90 mg SC every 12 weeks ( q12w ) , or placebo SC . Nonran C - reactive protein was assayed using a validated , high 
sensitivity CRP assay . domized population : Additional subjects entering the main 
At baseline , the proportion of subjects who had abnormal 15 tenance study were not randomized in the primary popula 

CRP ( > 3 mg / L ) was similar across all treatment groups ; tion and received maintenance treatment in this study as 
overall , 59.2 % of randomized subjects had abnormal CRP follows : ustekinumab induction delayed responders ( ie , sub 
concentrations at baseline . As early as Week 2 and continu jects who were not in clinical response to IV ustekinumab at 
ing for visits through Week 8 , among subjects who had induction Week 8 but were in clinical response at induction 
abnormal values at baseline , significantly greater propor- 20 Week 16 after receiving ustekinumab 90 mg SC at induction 
tions of subjects in the ~ 6 mg / kg and 130 mg groups Week 8 ) received ustekinumab 90 mg SC q8w ; and placebo 
achieved normalization of CRP ( s3 mg / L ) compared with induction responders ( ie , subjects who were in clinical 
the placebo group . At Week 8 , 38.7 % and 34.1 % of subjects response to placebo IV induction ) received placebo SC . 
achieved normalization of CRP in the ~ 6 mg / kg and 130 mg Nonrandomized subjects were followed for both efficacy 
groups , respectively , compared with 21.1 % of subjects in the 25 and safety but were not included in the key efficacy analyses . 
placebo group ( p < 0.001 for both comparisons ) . All subjects received their assigned dose of SC study 

Normalization of Fecal Lactoferrin agent at the maintenance Week 0 visit . Thereafter , to main 
At baseline , the proportions of subjects with abnormal tain the blind , all subjects received study agent at all 

fecal lactoferrin ( > 7.24 ug / g ) were similar across all treat- scheduled study agent administration visits . Subjects were 
ment groups ; overall 90.0 % of randomized subjects had 30 assessed for clinical flare at every visit and , if loss of clinical 
abnormal fecal lactoferrin concentrations at baseline . At response was confirmed , were eligible for rescue medica 
Week 4 and Week 8 , among subjects who had abnormal tion . The main portion of the maintenance study was through 
values at baseline , significantly greater proportions of sub- Week 44 and a long - term study extension will continue 
jects in the ~ 6 mg / kg and 130 mg groups achieved normal- through Week 220 . 
ization of fecal lactoferrin ( s7.24 ug / g ) compared with the 35 Number of Subjects ( Planned and Analyzed ) : 
placebo group . At Week 8 , 14.6 % and 17.2 % of subjects in 783 subjects who completed the induction study and were 
the ~ 6 mg / kg and 130 mg groups , respectively , achieved in clinical response to induction study agent were enrolled in 
normalization of fecal lactoferrin compared with 9.3 % of this maintenance study . The numbers of subjects in each 
subjects in the placebo group ( p = 0.042 , p = 0.006 , respec- treatment group at maintenance Week 0 were as follows : 
tively , for the ustekinumab groups ) . Randomized ( primary ) population ( 523 subjects [ 327 

Normalization of Fecal Calprotectin subjects were planned ] ) : 
At baseline , the proportions of subjects with abnormal 176 subjects were randomized to ustekinumab 90 mg 

fecal calprotectin ( > 250 mg / kg ) were slightly greater in the SC q8w . 
~ 6 mg / kg group ( 85.1 % ) compared with the placebo group 172 subjects were randomized to ustekinumab 90 mg 
( 78.4 % ) ; 82.5 % of subjects in the 130 mg group had 45 SC q12w . 
abnormal fecal calprotectin at baseline . At Week 2 and Week 175 subjects were randomized to placebo SC . 
4 , among subjects who had abnormal values at baseline , Nonrandomized population ( 260 subjects ) : 
significantly greater proportions of subjects in the -6 mg / kg 157 subjects who were ustekinumab induction delayed 
and 130 mg groups achieved normalization of fecal calpro responders ( ie , were not in clinical response to 
tectin ( $ 250 mg / kg ) . At Week 8 , among subjects with 50 ustekinumab at induction Week 8 but were in clinical 
abnormal fecal calprotectin at baseline , the proportions of response at induction Week 16 ) received 
subjects with normalized fecal calprotectin , though not ustekinumab 90 mg SC q8w . 
significant , were numerically greater in the ustekinumab ~ 6 103 subjects who were in clinical response to placebo 
mg / kg and 130 mg groups ( 25.5 % and 24.2 % , respectively ) , IV induction ( placebo induction responders ) 
compared with subjects in the placebo group ( 20.4 % ; 55 received placebo SC . 
p = 0.148 , p = 0.301 for both comparisons , respectively ) . Diagnosis and Main Criteria for Inclusion : 

All subjects enrolled into this randomized - withdrawal 
Example 2 : Maintenance Study of Ustekinumab in maintenance study were those with moderately to severely 

the Treatment of Ulcerative Colitis in Humans active UC who had an inadequate response or had failed to 
60 tolerate conventional therapy ( ie , corticosteroids or immu Methodology nomodulators ) or biologic therapy ( ie , a TNF antagonist 

In this randomized - withdrawal maintenance study , all and / or vedolizumab ) , and demonstrated a clinical response 
subjects enrolled were to be responders to study agent to study agent during the induction study . This included 
administered in the induction study . Primary ( randomized ) subjects who were in clinical response to IV ustekinumab , in 
population : Subjects who were in clinical response to IV 65 clinical response to IV placebo , or in delayed clinical 
ustekinumab following induction comprised the primary response to ustekinumab , and had not received a protocol 
population in the maintenance study . This population prohibited medication change during the induction study . 

40 
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Criteria for Evaluation : [ I - O ] ) . For the fourth major secondary endpoint ( mainte 
Pharmacokinetics ( PK ) : Serum ustekinumab concentra- nance of clinical remission ) , a CMH chi - square test stratified 

tion by induction treatment was used . 
Immunogenicity : Antibodies to ustekinumab Global and US - specific multiple testing procedures were 
Pharmacodynamics ( PD ) / biomarkers : Serum biomarkers ; 5 prespecified to control the overall Type 1 error rate at the 

fecal microbiome ; RNA expression and histologic 0.05 level over the multiplicity - controlled endpoints in this 
assessment of disease activity and healing in mucosal study ( Section 3.11.2.7.3 ) . All statistical testing was per 
biopsies formed at the 2 - sided 0.05 significance level . Nominal 

Genetics and epigenetics : Whole blood deoxyribonucleic p - values are presented . 
acid ( DNA ) Safety was assessed by summarizing the frequency and 

Efficacy : Mayo score and partial Mayo score , UC Endo- type of treatment - emergent adverse events ( AEs ) , laboratory 
scopic Index of Severity ( UCEIS ) , CRP , fecal lactofer- parameters ( hematology and chemistry ) , and vital signs 
rin , and fecal calprotectin parameters . Safety summaries are provided separately for 

Health - related Quality of Life : Inflammatory Bowel Dis- randomized subjects , nonrandomized subjects , and all 
ease Questionnaire ( IBDQ ) , 36 - item Short Form Health 15 treated subjects . Presentation of the safety data focuses on 
Survey ( SF - 36 ) , EuroQoL - 5D Health Questionnaire the randomized population . 
( EQ - 5D ) Results : 

Health economics : UC disease - related hospitalizations Study Population 
and surgeries ; productivity Visual Analog Scale ( VAS ) , A total of 783 subjects who completed the induction study 
and Work Productivity and Activity Impairment Ques- 20 and were in clinical response to induction study agent were 
tionnaire - General Health ( WPAI - GH ) enrolled in this maintenance study . Of these , 523 subjects 

Safety : Adverse events ( AES ) , serious adverse events were in the targeted primary population for the maintenance 
( SAEs ) , infections , injection site reactions , allergic study and were randomized to receive a SC administration 
reactions , hematology and chemistry parameters , vital of ustekinumab or placebo at maintenance Week 0 ( 176 , 
signs , physical examinations , and early detection of 25 172 , and 175 subjects in the ustekinumab 90 mg SC q8w , 
tuberculosis ustekinumab 90 mg SC q12w , and placebo groups , respec 

Endpoints tively ) . The remaining 250 subjects were in the nonrandom 
The primary endpoint was clinical remission at Week 44 . ized population , including 157 ustekinumab induction 

The definition of clinical remission ( as well as the delayed responders ( who received ustekinumab 90 mg SC 
testing procedure ) is different for submissions in the US 30 q8w ) and 103 placebo induction responders ( who received 
and outside the US to accommodate the global and US placebo ) . All enrolled subjects who were assigned treatment 
preferred definitions of clinical remission . Each defi- at maintenance baseline received their study agent at that 
nition of clinical remission was applied to all subjects time . 
in the primary efficacy analysis set . Prior to Week 40 ( last dosing visit of the maintenance 
The global definition of the primary endpoint of clinical 35 study ) , 85 subjects ( 16.3 % ) in the primary population dis 

remission was defined as a Mayo score s2 points , continued study agent . The proportion of subjects who 
with no individual subscore > 1 . discontinued study agent was greater in the placebo group 

The US definition of clinical remission was defined as ( 24.6 % ) than those in the ustekinumab q8w and q12w 
an absolute stool number s3 , a Mayo rectal bleeding groups ( 10.2 % and 14.0 % , respectively ) . The most common 
subscore of 0 , and a Mayo endoscopy subscore of O 40 reasons for discontinuation were lack of efficacy and an 

adverse event due to worsening of UC . Prior to Week 44 , 29 
The major secondary endpoints , listed in the order in subjects ( 5.5 % ) in the primary population terminated study 

which they were tested , were : participation ; the most common reason for termination of 
Maintenance of clinical response through Week 44 study participation was withdrawal of consent . 
Endoscopic healing at Week 44 Baseline clinical disease characteristics were representa 
Clinical remission and not receiving concomitant cor- tive of a population of subjects with moderately to severely 

ticosteroids ( corticosteroid - free clinical remission ) active UC that was refractory to available therapies and were 
at Week 44 generally well - balanced across the 3 treatment groups . The 

Maintenance of clinical remission through Week 44 median duration of disease was 6.05 years and the median 
among the subjects who had achieved clinical remis- 50 baseline Mayo score was 9.0 , with 86.9 % and 13.1 % pre 
sion at maintenance baseline senting with moderate and severe UC , respectively . At 

For the 3rd and 4th major secondary endpoints , the global induction baseline , 52.2 % of subjects in the primary popu 
definition of clinical remission was used to support lation of the maintenance study were taking corticosteroids , 
submissions for countries outside the US and the US 26.6 % were taking immunomodulatory drugs , and 70.7 % 
definition of clinical remission was used to support the 55 were taking aminosalicylates . The majority of subjects 
submission in the United States . ( 93.5 % ) had an inadequate response to , or were intolerant of , 

Demographic and baseline disease characteristics were sum- corticosteroids and / or 6 - MP / AZA , or demonstrated corti 
marized based on the 961 subjects in the primary efficacy costeroid dependence at induction baseline . Overall in the 
analysis set . primary population , 47.6 % of subjects had a history of 

Analyses of multiplicity - controlled endpoints , except for 60 documented biologic failure and 52.4 % of subjects did not . 
the fourth major secondary endpoint related to maintenance Also , 47.2 % had failed at least 1 anti - TNF whereas 13.4 % 
of clinical remission , were conducted using a Cochran- had failed both an anti - TNF and vedolizumab , and 49.3 % 
Mantel - Haenszel ( CMH ) chi square test stratified by clinical were naïve to biologic therapy ; 2 subjects were biologic 
remission ( global definition ) status at maintenance baseline failures to only vedolizumab . 
( yes / no as determined by the IWRS ) and induction treatment 65 Efficacy Results 
( placebo IV [ 1-0 ] = > ustekinumab -6 mg / kg IV [ 1-8 ] , Ustekinumab maintenance therapy demonstrated efficacy 
ustekinumab 130 mg IV [ 1-0 ) , or ustekinumab ~ 6 mg / kg IV in a population of subjects with moderately to severely 

or 1 . 
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active UC who had previously failed or were intolerant of placebo using the US - specific definition of clinical 
conventional or biologic therapies , including TNF antago remission ; however , statistical significance was 
nists and / or vedolizumab , and were in clinical response 8 only achieved for the q12w group ( p < 0.01 ) com 
weeks after receiving a single dose of ustekinumab IV pared to placebo using the global definition of 
induction therapy . clinical remission . 
Based on the pre - specified global and US - specific multiple Other Histologic , Mucosal , Clinical , and Endoscopic 
testing procedures , statistical significance can be claimed for Endpoints 
both ustekinumab dose regimens ( 90 mg q8w and 90 mg The analyses summarized below were not adjusted for 
q12w ) for the primary endpoint of clinical remission at multiplicity . Statements of statistical significance are 
Week 44 and the three major secondary endpoints of main- 10 based on nominal p - values . 
tenance of clinical response through Week 44 , endoscopic The proportions of subjects who achieved histologic 
healing at Week 44 , and corticosteroid - free clinical remis healing ( ie , neutrophil infiltration in < 5 % of 
sion at Week 44. Additionally , statistical significance can be crypts , no crypt destruction , and no erosions , 
claimed for maintenance of clinical remission through Week ulcerations , or granulation tissue ) at Week 44 were 
44 ( among the subjects who had achieved clinical remission 15 significantly ( p < 0.001 ) greater in the ustekinumab 
at maintenance baseline ) for both ustekinumab doses based q8w and q12w groups compared with the placebo 
on the US - specific testing procedure , and for the group . 
ustekinumab q12w regimen based on the global testing The proportions of subjects who achieved mucosal 
procedure . healing ( a combination of endoscopic healing and 

Clinical Efficacy in the Primary Population ( ie , Subjects 20 histologic healing ) at Week 44 were significantly 
in Clinical Response 8 Weeks After Receiving ( p < 0.01 ) greater in the ustekinumab q8w and 
Ustekinumab IV Induction Therapy ) q12w groups compared with the placebo group . 
Primary Endpoint : Clinical Remission Applying both global and US - specific definitions of 
The proportions of subjects in clinical remission clinical remission , the proportions of subjects 

( based on the global definition ) at Week 44 were 25 achieving corticosteroid - free remission for at least 
significantly greater in the ustekinumab q8w 90 days prior to Week 44 was significantly greater 
group and ustekinumab q12w group ( 43.8 % and ( p < 0.01 ) in the ustekinumab q8w and q12w 
38.4 % , respectively ) compared with subjects in groups compared with that in the placebo group . 
the placebo group ( 24.0 % ; p < 0.001 and p = 0.002 , Furthermore , among subjects receiving corticos 
respectively ) . teroids at maintenance baseline , significantly 

The proportions of subjects in clinical remission greater proportions of subjects ( p < 0.05 ) were in 
( based on the US - specific definition ) at Week 44 clinical remission and not receiving concomitant 
were significantly greater in the ustekinumab q8w corticosteroids for least 90 days prior to Week 
group and ustekinumab q12w group ( 42.6 % and 44 in the ustekinumab q8w and q12w groups 
39.5 % , respectively ) compared with subjects in 35 compared with those in the placebo group . 
the placebo group ( 24.6 % ; p < 0.001 and p = 0.002 , The efficacy of ustekinumab maintenance treatment 
respectively ) . was also demonstrated in clinical outcomes as 

The effect of ustekinumab on achieving clinical measured by maintained improvement in the par 
remission ( based on both the global and US spe tial Mayo score , maintenance of symptomatic 
cific definitions ) was generally consistent across 40 remission as well as maintenance of endoscopic 
subgroups ( including subjects who were biologic healing . Further evidence of the efficacy of 
failures and those who were not biologic failures ustekinumab maintenance treatment was observed 
as well as subjects who were receiving concomi in partial Mayo remission and symptomatic remis 
tant immunomodulators or corticosteroids at sion over time as well as symptom control ( stool 
induction baseline and those who were not ) and 45 frequency and rectal bleeding ) . 
was robust to prespecified changes in data - han- Inflammatory Biomarkers 
dling rules . Over time through Week 44 , the ustekinumab treat 

Major Secondary Endpoints : Maintenance of Clinical ment groups maintained their CRP , fecal lactofer 
Response , Endoscopic Healing , Corticosteroid - Free rin , and fecal calprotectin concentration levels 
Clinical Remission , and Maintenance of Clinical 50 observed at maintenance baseline , whereas 
Remission median CRP , fecal lactoferrin , and fecal calpro 
The proportions of subjects who maintained clinical tectin concentrations worsened ( increased ) in the 

response through Week 44 , achieved endoscopic placebo group . 
healing , achieved corticosteroid - free remission At Week 44 , the proportion of subjects with normal 
( applying both global and US specific definitions 55 ized CRP , fecal calprotectin and fecal lactoferrin 
of clinical remission ) were significantly greater were generally significantly greater in the 
( p < 0.01 ) in the ustekinumab q8w and q12w ustekinumab q8w and q12w groups compared 
groups compared with that in the placebo group . with the placebo group . 

The proportions of subjects who maintained clinical Clinical Endpoints by Biologic Failure Status 
remission among the subjects who had achieved 60 For subjects with and subjects without a history of 
clinical remission at maintenance baseline was biologic failure , the proportions of subjects who 
numerically greater for both the ustekinumab q8w achieved each of the primary and major secondary 
and q12w groups compared with that in the pla endpoints and mucosal healing were generally 
cebo group ( applying both the global and US greater in the ustekinumab q8w and q12w groups 
specific definition of clinical remission ) . Statisti- 65 compared with subjects in the placebo group . 
cal significance ( p < 0.01 ) was achieved for both In some cases , where treatment effects were similar 
comparisons of the q8w and q12w groups versus in the biologic non - failure and failure populations , 
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there was a consistent trend in the biologic - failure Among subjects receiving maintenance ustekinumab , 
subjects across endpoints that the treatment effect the development of antibodies to ustekinumab did 
for the ustekinumab q8w group was greater than not appear to have an impact on clinical efficacy as 
that for the ustekinumab q12w group . This trend measured by multiple endpoints such as clinical 
was not observed in the biologic non - failure popu remission , endoscopic healing , clinical response , and 
lation . change from maintenance baseline in Mayo score ; 

Efficacy Based on Inflammatory Biomarker Subgroups however , the interpretation of the data is limited by 
Among subjects with a higher inflammatory burden the small sample size . 

( elevated CRP and / or elevated fecal inflammatory Pharmacokinetic and Immunogenicity Results 
markers ) at either induction or maintenance base- Following maintenance treatment with ustekinumab 90 
line , while both dosages generally demonstrated mg SC q8w or q12w , steady - state was reached at 
efficacy compared to placebo , the efficacy of approximately 8 or 12 weeks after subjects began 
ustekinumab q8w seemed to be better across the receiving ustekinumab 90 mg SC q8w , or ustekinumab 
range of clinical endpoints than the ustekinumab 90 mg SC q12w maintenance dose regimens , respec 
q12w group . However , in subjects with low tively . Median steady state trough serum ustekinumab 
inflammatory burden at baseline , the ustekinumab concentrations over time were approximately 3 - fold 
q8w and q12w groups demonstrated similar effi- greater the concentrations in the ustekinumab q8w 
cacy over the endpoints . group ( 2.69 ug / mL to 3.09 ug / mL ) than in the q12w 

Health - Related Quality of Life group ( 0.92 ug / mL to 1.19 ug / mL ) . 
Through Week 44 , subjects in the ustekinumab q8w Following maintenance dose regimens of ustekinumab 90 

and q12w groups were generally able to maintain mg SC q8w or q12w , serum ustekinumab concentra 
improvement in health - related quality of life as tions were sustained through Week 44 in almost all 
assessed using the IBDQ , SF 36 and EQ 5D subjects , with a smaller proportion of subjects with 
instruments compared to subjects in the placebo 25 undetectable trough concentrations over time in the 90 
group . mg q8w group ( 0.7 % to 2.4 % ) compared to those in the 

Outcomes for the Ustekinumab 90 mg q8w Dose and 90 mg q12w group ( 4.9 % to 7.1 % ) . The median Ustekinumab 90 mg q12w Dose ustekinumab concentration in subjects in the placebo While both the ustekinumab q8w and q12w groups group was below detectable levels by Week 16 . demonstrated generally similar efficacy for the 30 The impact of the different ustekinumab IV induction primary and major secondary endpoints , q8w was doses on serum ustekinumab concentrations during modestly better than q12w based on the following maintenance continued to diminish over time , as more objective and stringent measures of efficacy , expected . including : 
Endoscopic and mucosal healing at Week 44 Median trough serum ustekinumab concentrations tended 
Durable partial Mayo remission at Week 44 to be lower in subjects with higher body weight . 
Corticosteroid - free clinical remission as well as Nonrandomized subjects in the ustekinumab induction 

the elimination of corticosteroids for at least 90 delayed responders group tended to have lower serum 
days prior to Week 44 among subjects receiving ustekinumab concentrations over time compared to 
corticosteroids at maintenance baseline randomized subjects in the ustekinumab q8w group 

Furthermore , when efficacy was examined over time following SC administration of the same ustekinumab 
( for the following endpoints ) , the q8w group dose regimen of 90 mg q8w . 
showed greater efficacy than the q12w group : Among 680 treated subjects with appropriate samples for 
Mayo stool frequency and rectal bleeding sub- the assessment of antibodies to ustekinumab , 39 ( 5.7 % ) 

scores indicating inactive or mild disease ( ie , 45 were positive for antibodies to ustekinumab through 52 
subscores of 0 or 1 ) , as well as an absolute stool weeks of treatment , the majority with antibody 
number s3 over time through Week 44 . titers sl : 800 . Of the 39 treated subjects who were 

Partial Mayo remission and symptomatic remis- positive for antibodies to ustekinumab in this mainte 
sion over time through Week 44 nance study , 11 ( 28.2 % ) were positive for neutralizing 

Median changes from baseline in fecal lactoferrin 50 antibodies . 
and calprotectin concentrations over time In all randomized treatment groups , median serum 
through Week 44 . ustekinumab concentrations were lower over time in 

Efficacy in Ustekinumab Induction Delayed Responders subjects who were positive for antibodies to 
Subjects who were delayed responders to ustekinumab ustekinumab compared with levels in subjects who 

induction therapy were able to maintain clinical 55 were negative for antibodies to ustekinumab . 
response and achieve clinical remission , endoscopic , Safety Results 
histologic , and mucosal healing a combination of Subcutaneous maintenance regimens of ustekinumab 90 
endoscopic healing and histologic healing ) while mg administered q12w or q8w through Week 44 were 
receiving ustekinumab 90 mg q8w . generally well tolerated and consistent with the known 

Efficacy and Pharmacokinetics / Immunogenicity 60 safety profile of ustekinumab . 
In general , during maintenance , a positive association AEs were reported in 77.3 % , 69.2 % , and 78.9 % of 
was observed between serum ustekinumab concen- subjects in the ustekinumab q8w , ustekinumab q12w , 
tration and the clinical efficacy outcomes of clinical and placebo groups , respectively . 
remission and endoscopic healing . In addition , lower Reasonably related AEs were reported in 26.1 % , 
levels of inflammation , as measured by CRP , were 65 17.4 % , and 28.6 % of subjects in the ustekinumab 
observed in subjects with higher serum ustekinumab q8w , ustekinumab q12w , and placebo groups , 
concentrations . respectively . 
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Infections ( as identified by the investigator ) were reported Health Economics and Medical Resource Utilization 
in 48.9 % , 33.7 % , and 46.3 % of subjects in the Results 
ustekinumab q8w , ustekinumab q12w , and placebo Through Week 44 , fewer subjects in the combined 
groups , respectively . ustekinumab group had a UC disease - related hospital 
Infections requiring oral or parenteral antibiotic treat ization or surgery compared with the placebo group . 

At Week 44 , change from maintenance baseline in pro ment were reported in 22.7 % , 15.7 % , and 19.4 % of ductivity visual analog scores ( VAS ) demonstrated subjects in the ustekinumab q8w , ustekinumab q12w , improvement in subjects in the ustekinumab treatment and placebo groups , respectively . groups and worsening in subjects in the placebo group . 
Serious infections were infrequent among randomized 10 At Week 44 , percentages within each of the 4 WPAI - GH 

subjects and were reported in 1.7 % , 3.5 % , and 2.3 % in domains were maintained from maintenance baseline 
the ustekinumab q8w , ustekinumab q12w , and placebo for the ustekinumab treatment groups , with additional 
groups , respectively . Opportunistic infections were improvement observed in subjects in the ustekinumab 
identified in 3 subjects ( all in the randomized popula- q8w group for percent impairment while working due 
tion ) ; cytomegalovirus colitis was diagnosed for 2 15 to health , percent overall work impairment due to 
subjects in the ustekinumab q12w group and 1 subject health , and percent activity impairment due to health . 
was diagnosed with concurrent moderate AEs of oph For subjects in the placebo group , percentages for all 4 
thalmic and labial herpes . No cases of active TB were WPAI - GH domains worsened ( ie , increased ) . 

Conclusions reported among ustekinumab - treated subjects through 
Week 44 . The ustekinumab maintenance study provided consistent 

and definitive evidence that the ustekinumab 90 mg SC The proportion of randomized subjects with AEs leading q12w and q8w dose regimens were both effective in to discontinuation of study agent was higher in the adult subjects with moderately to severely active UC placebo group than in the q12w and q8w groups and the who had responded to a single IV ustekinumab induc most frequent AEs leading to discontinuation in the tion dose . placebo group was worsening UC . The efficacy of ustekinumab was observed in subjects 
Among all treated subjects , including delayed who were biologic failures as well as those who 

ustekinumab induction responders , the overall safety failed conventional but not biologic therapy ( ie , 
profile was consistent with that observed in the ran biology - naïve ) . 
domized population . Of note , while both doses of ustekinumab were effec 

There was 1 death reported for a subject who was a tive , the q8w dose regimen demonstrated modestly 
delayed ustekinumab induction responder and was better efficacy across several objective and / or more 
receiving ustekinumab q8w . The cause of death was stringent endpoints ( eg , endoscopic healing and 
attributed to acute respiratory failure that occurred durable partial Mayo remission ) as well as in over 
during thyroid surgery for a multinodular goiter . time analyses of symptomatic and partial Mayo 

remission . Among all treated subjects , 2 subjects ( 1 subject in the 
ustekinumab induction delayed - responders group [ re Maintenance dosing with ustekinumab SC dose regimens 
ceiving ustekinumab q8w ] and 1 subject randomized to of 90 mg q12w and 90 mg q8w was generally well 

tolerated over 44 weeks in this population of adult the placebo group who had received ustekinumab IV subjects with moderate to severe ulcerative colitis . during induction ) reported serious major adverse car The safety and efficacy data from this study support a diovascular events ; both events were associated with positive benefit / risk profile for ustekinumab SC main perioperative complications . tenance therapy . 
Among all treated subjects , there were 6 subjects for The European Commission has approved STELARA? 
whom malignancies were reported ( 5 ustekinumab- 45 ( ustekinumab ) for the treatment of ulcerative colitis ( UC ) in treated subjects and 1 placebo - only subject ) . Europe as of Sep. 4 , 2019. The approved label is shown in 
Three ustekinumab - treated subjects reported non - mela- Annex I below describing the intravenous preparation ( Sec 
noma skin cancers ( NMSCs ) ; all had either a prior tions 1-10 ) and subcutaneous preparation ( Sections 1-10 ) . 
history of azathioprine or 6 - MP treatment and 2 were The present invention comprises a pharmaceutical com 
on concomitant immunomodulator therapy at the 50 position of an anti - IL - 12 / IL - 23p40 antibody and packaging 
time of the diagnosis . comprising one or more label elements disclosed in Annex 

Two ustekinumab - treated subjects were reported to I , wherein the antibody comprises : ( i ) a heavy chain variable 
have solid tumors ; one subject with a papillary renal region and a light chain variable region , the heavy chain 
cell carcinoma ( q12w ) and one subject with colon variable region comprising : a complementarity determining 
cancer ( q8w ) ; both tumors were detected early dur- 55 region heavy chain 1 ( CDRH1 ) amino acid sequence of SEO 
ing the subject's participation in this maintenance ID NO : 1 ; a CDRH2 amino acid sequence of SEQ ID NO : 2 ; 
study . and a CDRH3 amino acid sequence of SEQ ID NO : 3 ; and 

the light chain variable region comprising : a complemen 
There were no cases of anaphylaxis or delayed hypersen tarity determining region light chain 1 ( CDRL1 ) amino acid sitivity reactions identified among ustekinumab treated 60 sequence of SEQ ID NO : 4 ; a CDRL2 amino acid sequence subjects . of SEQ ID NO : 5 ; and a CDRL3 amino acid sequence of 
There were no notable differences in the proportions of SEQ ID NO : 6 ; ( ii ) a heavy chain variable region of the 

subjects with post - baseline maximum toxicity amino acid sequence of SEQ ID NO : 7 and a light chain 
Grade 2l chemistry and hematology laboratory variable region of the amino acid sequence of SEQ ID NO : 8 ; 
between the placebo and respective ustekinumab 65 or ( iii ) a heavy chain of the amino acid sequence of SEQ ID 
groups . Grade 3 and Grade 4 chemistry and hematol- NO : 10 and a light chain of the amino acid sequence of SEQ 
ogy laboratory values were infrequent . ID NO : 11 . 
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Annex I Renal and Hepatic Impairment 
STELARA has not been studied in these patient popula 

Summary of Product Characteristics tions . No dose recommendations can be made . 
Paediatric Population 

1. Name of the Medicinal Product The safety and efficacy of STELARA for the treatment of 
STELARA 130 mg concentrate for solution for infusion Crohn's disease or ulcerative colitis in children less than 18 

2. Qualitative and Quantitative Composition years have not yet been established . No data are available . 
Method of Administration Each vial contains 130 mg ustekinumab in 26 mL ( 5 

mg / mL ) . STELARA 130 mg is for intravenous use only . It should 
Ustekinumab is a fully human IgG1K monoclonal anti- 10 be administered over at least one hour . For instructions on dilution of the medicinal product before administration , see body to interleukin ( IL ) -12/23 produced in a murine section 6.6 . myeloma cell line using recombinant DNA technology . 4.3 Contraindications For the full list of excipients , see section 6.1 . Hypersensitivity to the active substance or to any of the 3. Pharmaceutical Form 15 excipients listed in section 6.1 . 
Concentrate for solution for infusion . Clinically important , active infection ( e.g. active tuber 
The solution is clear , colourless to light yellow . culosis ; see section 4.4 ) . 

4. Clinical Particulars 4.4 Special Warnings and Precautions for Use 
4.1 Therapeutic Indications Traceability 
Crohn's Disease In order to improve the traceability of biological medici 
STELARA is indicated for the treatment of adult patients nal products , the tradename and the batch number of the 

with moderately to severely active Crohn's disease who administered product should be clearly recorded . 
have had an inadequate response with , lost response Infections 
were intolerant to either conventional therapy or a TNFa Ustekinumab may have the potential to increase the risk 
antagonist or have medical contraindications to such thera- 25 of infections and reactivate latent infections . In clinical 
pies . studies , serious bacterial , fungal , and viral infections have 
Ulcerative Colitis been observed in patients receiving STELARA ( see section 
STELARA is indicated for the treatment of adult patients 4.8 ) . 

with moderately to severely active ulcerative colitis who Caution should be exercised when considering the use of 
have had an inadequate response with , lost response to , or 30 STELARA in patients with a chronic infection or a history 
were intolerant to either conventional therapy or a biologic of recurrent infection ( see section 4.3 ) . 
or have medical contraindications to such therapies ( see Prior to initiating treatment with STELARA , patients 

should be evaluated for tuberculosis infection . STELARA section 5.1 ) . must not be given to patients with active tuberculosis ( see 4.2 Posology and Method of Administration 35 section 4.3 ) . Treatment of latent tuberculosis infection STELARA concentrate for solution for infusion is should be initiated prior to administering STELARA . Anti intended for use under the guidance and supervision of tuberculosis therapy should also be considered prior to physicians experienced in the diagnosis and treatment of initiation of STELARA in patients with a history of latent or Crohn's disease or ulcerative colitis . STELARA concentrate active tuberculosis in whom an adequate course of treatment for solution for infusion should only be used for the intra 40 cannot be confirmed . Patients receiving STELARA should venous induction dose . be monitored closely for signs and symptoms of active Posology tuberculosis during and after treatment . Crohn's Disease and Ulcerative Colitis Patients should be instructed to seek medical advice if STELARA treatment is to be initiated with a single signs or symptoms suggestive of an infection occur . If a intravenous dose based on body weight . The infusion solu 45 patient develops a serious infection , the patient should be tion is to be composed of the number of vials of STELARA closely monitored and STELARA should not be adminis 130 mg as specified in Label Table 1 ( see section 6.6 for tered until the infection resolves . preparation ) Malignancies 
Immunosuppressants like ustekinumab have the potential 

LABEL TABLE 1 50 to increase the risk of malignancy . Some patients who 
received STELARA in clinical studies developed cutaneous Initial intravenous dosing of STELARA 
and non - cutaneous malignancies ( see section 4.8 ) . 

Body weight of patient at Number of 130 mg No studies have been conducted that include patients with 
the time of dosing Recommended dose STELARA Vials a history of malignancy or that continue treatment in patients 

555 kg 55 who develop malignancy while receiving STELARA . Thus , 
> 55 kg to 585 kg caution should be exercised when considering the use of 

> 85 kg STELARA in these patients . 
All patients , in particular those greater than 60 years of Approximately 6 mg / kg 

age , patients with a medical history of prolonged immuno 
The first subcutaneous dose should be given at week 8 60 suppressant therapy or those with a history of PUVA treat 

following the intravenous dose . For the posology of the ment , should be monitored for the appearance of non 
subsequent subcutaneous dosing regimen , see section 4.2 of melanoma skin cancer ( see section 4.8 ) . 
the STELARA solution for injection ( vial ) and solution for Systemic and Respiratory Hypersensitivity Reactions 
injection in pre - filled syringe SmPC . Systemic 
Elderly ( 265 Years ) Serious hypersensitivity reactions have been reported in 
No dose adjustment is needed for elderly patients ( see the postmarketing setting , in some cases several days after 

section 4.4 ) . treatment . Anaphylaxis and angioedema have occurred . If an 

260 mg 
390 mg 
520 mg 

2 
3 
4 
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anaphylactic or other serious hypersensitivity reaction of erythrodermic psoriasis or exfoliative dermatitis . If these 
occurs , appropriate therapy should be instituted and admin symptoms occur , appropriate therapy should be instituted . 
istration of STELARA should be discontinued ( see section STELARA should be discontinued if a drug reaction is 
4.8 ) . suspected Respiratory Special Populations Cases of allergic alveolitis and eosinophilic pneumonia Elderly ( 265 Years ) have been reported during post - approval use of No overall differences in efficacy or safety in patients age ustekinumab . Clinical presentations included cough , dysp 65 and older who received STELARA were observed com 
noea , and interstitial infiltrates following one to three doses . 10 pared to younger patients in clinical studies in approved 
Serious outcomes have included respiratory failure and indications , however the number of patients aged 65 and prolonged hospitalisation . Improvement has been reported older is not sufficient to determine whether they respond after discontinuation of ustekinumab and also , in some differently from younger patients . Because there is a higher cases , administration of corticosteroids . If infection has been excluded and diagnosis is confirmed , discontinue 15 incidence of infections in the elderly population in general , 

caution should be used in treating the elderly . ustekinumab and institute appropriate treatment ( see section Sodium Content 4.8 ) . 
Vaccinations STELARA contains less than 1 mmol sodium ( 23 mg ) per 

It is recommended that live viral or live bacterial vaccines dose , i.e. essentially ‘ sodium - free ' . STELARA is however , 
( such as Bacillus of Calmette and Guérin ( BCG ) ) should not diluted in sodium chloride 9 mg / ml ( 0.9 % ) solution for 
be given concurrently with STELARA . Specific studies infusion . This should be taken into consideration for patients 
have not been conducted in patients who had recently on a controlled sodium diet ( see section 6.6 ) . 
received live viral or live bacterial vaccines . No data are 4.5 Interaction with Other Medicinal Products and Other 
available on the secondary transmission of infection by live 25 Forms of Interaction 
vaccines in patients receiving STELARA . Before live viral Live vaccines should not be given concurrently with 
or live bacterial vaccination , treatment with STELARA STELARA ( see section 4.4 ) . 
should be withheld for at least 15 weeks after the last dose No interaction studies have been performed in humans . In 
and can be resumed at least 2 weeks after vaccination . the population pharmacokinetic analyses of the phase III 
Prescribers should consult the Summary of Product Char- studies , the effect of the most frequently used concomitant 
acteristics for the specific vaccine for additional information medicinal products in patients with psoriasis ( including 
and guidance on concomitant use of immunosuppressive paracetamol , ibuprofen , acetylsalicylic acid , metformin , 
agents post - vaccination . atorvastatin , levothyroxine ) pharmacokinetics of 

Patients receiving STELARA may receive concurrent 35 ustekinumab was explored . There were no indications of an 
inactivated or non - live vaccinations . interaction with these concomitantly administered medicinal 
Long term treatment with STELARA does not suppress products . The basis for this analysis was that at least 100 

the humoral immune response to pneumococcal polysaccha- patients ( > 5 % of the studied population ) were treated con 
ride or tetanus vaccines ( see section 5.1 ) . comitantly with these medicinal products for at least 90 % of 
Concomitant Immunosuppressive Therapy the study period . The pharmacokinetics of ustekinumab was 

In psoriasis studies , the safety and efficacy of STELARA not impacted by concomitant use of MTX , NSAIDs , 6 - mer 
in combination with immunosuppressants , including biolog- captopurine , azathioprine and oral corticosteroids in patients 
ics , or phototherapy have not been evaluated . In psoriatic with psoriatic arthritis , Crohn's disease or ulcerative colitis , 
arthritis studies , concomitant MTX use did not appear to 45 or prior exposure to anti - TNFa agents , in patients with 
influence the safety or efficacy of STELARA . In Crohn's psoriatic arthritis or Crohn's disease or by prior exposure to 
disease and ulcerative colitis studies , concomitant use of biologics ( i.e. anti - TNFa agents and / or vedolizumab ) in 
immunosuppressants or corticosteroids did not appear to patients with ulcerative colitis . 
influence the safety or efficacy of STELARA . Caution The results of an in vitro study do not suggest the need for 
should be exercised when considering concomitant use of dose adjustments in patients who are receiving concomitant 
other immunosuppressants and STELARA or when transi- CYP450 substrates ( see section 5.2 ) . 
tioning from other immunosuppressive biologics ( see sec- In psoriasis studies , the safety and efficacy of STELARA 
tion 4.5 ) . in combination with immunosuppressants , including biolog 
Immunotherapy 55 ics , or phototherapy have not been evaluated . In psoriatic 
STELARA has not been evaluated in patients who have arthritis studies , concomitant MTX use did not appear to 

undergone allergy immunotherapy . It is not known whether influence the safety or efficacy of STELARA . In Crohn's 
STELARA may affect allergy immunotherapy . disease and ulcerative colitis studies , concomitant use of 
Serious Skin Conditions immunosuppressants or corticosteroids did not appear to 

In patients with psoriasis , exfoliative dermatitis has been influence the safety or efficacy of STELARA . ( see section 
reported following ustekinumab treatment ( see section 4.8 ) . 4.4 ) . 
Patients with plaque psoriasis may develop erythrodermic 4.6 Fertility , Pregnancy and Lactation 
psoriasis , with symptoms that may be clinically indistin- Women of Childbearing Potential 
guishable from exfoliative dermatitis , as part of the natural Women of childbearing potential should use effective 
course of their disease . As part of the monitoring of the methods of contraception during treatment and for at least 
patient's psoriasis , physicians should be alert for symptoms 15 weeks after treatment . 
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Pregnancy 
There are no adequate data from the use of ustekinumab 

in pregnant women . Animal studies do not indicate direct or 
indirect harmful effects with respect to pregnancy , embry- System Organ Class 
onic / foetal development , parturition or postnatal develop Infections and 

ment ( see section 5.3 ) . As a precautionary measure , it is infestations 
preferable to avoid the use of STELARA in pregnancy . 
Breast - Feeding 

It is unknown whether ustekinumab is excreted in human 10 Immune system 
breast milk . Animal studies have shown excretion of disorders 
ustekinumab at low levels in breast milk . It is not known if 
ustekinumab is absorbed systemically after ingestion . Psychiatric 
Because of the potential for adverse reactions in nursing 15 disorders 

Nervous system infants from ustekinumab , a decision on whether to discon disorders 
tinue breast - feeding during treatment and up to 15 weeks Respiratory , 

thoracic and after treatment or to discontinue therapy with STELARA mediastinal 
must be made taking into account the benefit of breast- disorders 

Gastrointestinal feeding to the child and the benefit of STELARA therapy to disorders 
the woman . Skin and 
Fertility 

tissue The effect of ustekinumab on human fertility has not been disorders 
evaluated ( see section 5.3 ) . 25 Musculoskeletal 
4.7 Effects on Ability to Drive and Use Machines and connective 

tissue disorders STELARA has no or negligible influence on the ability to General disorders drive and use machines . and administration 
4.8 Undesirable Effects site conditions 

Common : Upper respiratory tract infection , 
nasopharyngitis , sinusitis 
Uncommon : Cellulitis , dental infections , herpes 
zoster , lower respiratory tract infection , viral 
upper respiratory tract infection , vulvovaginal 
mycotic infection 
Uncommon : Hypersensitivity reactions ( including 
rash , urticaria ) 
Rare : Serious hypersensitivity reactions 
( including anaphylaxis , angioedema ) 
Uncommon : Depression 

Common : Dizziness , headache 
Uncommon : Facial palsy 
Common : Oropharyngeal pain 
Uncommon : Nasal congestion 
Rare : Allergic alveolitis , eosinophilic pneumonia 

20 Common : Diarrhoea , nausea , vomiting 

subcutaneous 
Common : Pruritus 
Uncommon : Pustular psoriasis , skin exfoliation , 
acne 

Rare : Exfoliative dermatitis 
Common : Back pain , myalgia , arthralgia 

Common : Fatigue , injection site erythema , 
injection site pain 
Uncommon : Injection site reactions ( including 
haemorrhage , haematoma , induration , swelling 
and pruritus ) , asthenia 

30 

Summary of the Safety Profile 

The most common adverse reactions ( > 5 % ) in controlled Description of Selected Adverse Reactions 
periods of the adult psoriasis , psoriatic arthritis , Crohn's Infections 
disease and ulcerative colitis clinical studies with 35 In the placebo - controlled studies of patients with psoria 
ustekinumab were nasopharyngitis and headache . Most were sis , psoriatic arthritis , Crohn's disease and ulcerative colitis , considered to be mild and did not necessitate discontinuation the rates of infection or serious infection were similar of study treatment . The most serious adverse reaction that between ustekinumab - treated patients and those treated with has been reported for STELARA is serious hypersensitivity 
reactions including anaphylaxis ( see section 4.4 ) . The over 40 placebo . In the placebo - controlled period of these clinical 

studies , the rate of infection was 1.36 per patient - year of all safety profile was similar for patients with psoriasis , 
psoriatic arthritis , Crohn's disease and ulcerative colitis . follow - up in ustekinumab - treated patients , and 1.34 in pla 
Tabulated List of Adverse Reactions cebo - treated patients . Serious infections occurred at the rate 
The safety data described below reflect exposure in adults 45 of 0.03 per patient - year of follow - up in ustekinumab - treated 

to ustekinumab in 14 phase 2 and phase 3 studies in 6,709 patients ( 30 serious infections in 930 patient - years of fol 
patients ( 4,135 with psoriasis and / or psoriatic arthritis , 1,749 low - up ) and 0.03 in placebo - treated patients ( 15 serious 
with Crohn's disease and 825 patients with ulcerative coli- infections in 434 patient - years of follow - up ) ( see section 
tis ) . This includes exposure to STELARA in the controlled 4.4 ) . 
and non - controlled periods of the clinical studies for at least In the controlled and non - controlled periods of psoriasis , 
6 months or 1 year ( 4,577 and 3,253 patients respectively psoriatic arthritis , Crohn's disease and ulcerative colitis 
with psoriasis , psoriatic arthritis , Crohn's disease or ulcer- clinical studies , representing 11,581 patient - years of expo 
ative colitis ) and exposure for at least 4 or 5 years ( 1,482 and sure in 6,709 patients , the median follow up was 1.0 years ; 
838 patients with psoriasis respectively ) . 55 1.1 years for psoriatic disease studies , 0.6 year for Crohn's 

Label Table 2 provides a list of adverse reactions from disease studies and 1.0 years for ulcerative colitis studies . 
adult psoriasis , psoriatic arthritis , Crohn's disease and ulcer- The rate of infection was 0.91 per patient - year of follow - up 
ative colitis clinical studies as well as adverse reactions in ustekinumab - treated patients , and the rate of serious 
reported from post - marketing experience . The adverse reac- infections was 0.02 per patient - year of follow - up in 
tions are classified by System Organ Class and frequency , ustekinumab - treated patients ( 199 serious infections in 
using the following convention : Very common ( 21/10 ) , 11,581 patient - years of follow - up ) and serious infections 
Common ( 21/100 to < 1/10 ) , Uncommon ( 21 / 1,000 reported included pneumonia , anal abscess , cellulitis , diver 
to < 1/100 ) , Rare ( > 1 / 10,000 to < 1 / 1,000 ) , Very rare ( < 1/10 , ticulitis , gastroenteritis and viral infections . 
000 ) , not known ( cannot be estimated from the available In clinical studies , patients with latent tuberculosis who 
data ) . Within each frequency grouping , adverse reactions are were concurrently treated with isoniazid did not develop 
presented in order of decreasing seriousness . tuberculosis . 
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Malignancies be monitored for any signs or symptoms of adverse reactions 
In the placebo - controlled period of the psoriasis , psoriatic and appropriate symptomatic treatment be instituted imme 

arthritis , Crohn's disease and ulcerative colitis clinical stud- diately . 
ies , the incidence of malignancies excluding non - melanoma 5. Pharmacological Properties 
skin cancer was 0.11 per 100 patient - years of follow - up for 5.1 Pharmacodynamic Properties 
ustekinumab - treated patients ( 1 patient in 929 patient - years Pharmacotherapeutic group : Immunosuppressants , inter 
of follow - up ) compared with 0.23 for placebo - treated leukin inhibitors , ATC code : L04AC05 . 
patients ( 1 patient in 434 patient - years of follow - up ) . The Mechanism of Action 
incidence of non - melanoma skin cancer was 0.43 per 100 Ustekinumab is a fully human IgGlk monoclonal anti 
patient - years of follow - up for ustekinumab - treated patients body that binds with specificity to the shared p40 protein 
( 4 patients in 929 patient - years of follow - up ) compared to subunit of human cytokines interleukin ( IL ) -12 and IL - 23 . 
0.46 for placebo - treated patients ( 2 patients in 433 patient- Ustekinumab inhibits the bioactivity of human IL - 12 and 
years of follow - up ) . IL - 23 by preventing p40 from binding to the IL - 12RB1 

In the controlled and non - controlled periods of psoriasis , receptor protein expressed on the surface of immune cells . 
psoriatic arthritis , Crohn's disease and ulcerative colitis Ustekinumab cannot bind to IL - 12 or IL - 23 that is already 
clinical studies , representing 11,561 patient years of expo bound IL - 12Rß1 cell surface receptors . Thus , 
sure in 6,709 patients , the median follow - up was 1.0 years ; ustekinumab is not likely to contribute to complement- or 
1.1 years for psoriatic disease studies , 0.6 year for Crohn's 20 antibody - mediated cytotoxicity of cells with IL - 12 and / or 
disease studies and 1.0 years for ulcerative colitis studies . IL - 23 receptors . IL - 12 and IL - 23 are heterodimeric cytok 
Malignancies excluding non - melanoma skin cancers were ines secreted by activated antigen presenting cells , such as 
reported in 62 patients in 11,561 patient years of follow - up macrophages and dendritic cells , and both cytokines partici 
( incidence of 0.54 per 100 patient - years of follow - up for pate in immune functions ; IL - 12 stimulates natural killer 
ustekinumab - treated patients ) . The incidence of malignan- 25 ( NK ) cells and drives the differentiation of CD4 + T cells 
cies reported in ustekinumab - treated patients was compa- toward the T helper 1 ( Th1 ) phenotype , IL - 23 induces the T 
rable to the incidence expected in the general population helper 17 ( Th17 ) pathway . However , abnormal regulation of 
( standardised incidence ratio = 0.93 [ 95 % confidence inter- IL 12 and IL 23 has been associated with immune mediated 
val : 0.71 , 1.20 ] , adjusted for age , gender and race ) . The most diseases , such as psoriasis , psoriatic arthritis , Crohn's dis 
frequently observed malignancies , other than non - mela- ease and ulcerative colitis . 
noma skin cancer , were prostate , colorectal , melanoma and By binding the shared p40 subunit of IL - 12 and IL - 23 , 
breast cancers . The incidence of non - melanoma skin cancer ustekinumab may exert its clinical effects in psoriasis , 
was 0.49 per 100 patient - years of follow - up for psoriatic arthritis , Crohn's disease and ulcerative colitis 
ustekinumab - treated patients ( 56 patients in 11,545 patient- 35 through interruption of the Th1 and Th17 cytokine path 
years of follow - up ) . The ratio of patients with basal versus ways , which are central to the pathology of these diseases . 
squamous cell skin cancers ( 3 : 1 ) is comparable with the In patients with Crohn's disease and ulcerative colitis , 
ratio expected in the general population ( see section 4.4 ) . treatment with ustekinumab resulted in a decrease in inflam 
Hypersensitivity and Infusion Reactions matory markers including C - Reactive Protein ( CRP ) and 

In Crohn's disease and ulcerative colitis intravenous fecal calprotectin during the induction phase , which were 
induction studies , no events of anaphylaxis or other serious then maintained throughout the maintenance phase . 
infusion reactions were reported following the single intra- Immunisation 
venous dose . In these studies , 2.2 % of 785 placebo treated During the long term extension of Psoriasis Study 2 
patients and 1.9 % of 790 patients treated with the recom- 45 ( PHOENIX 2 ) , adult patients treated with STELARA for at 
mended dose of ustekinumab reported adverse events occur- least 3.5 years mounted similar antibody responses to both 
ring during or within an hour of the infusion . pneumococcal polysaccharide and tetanus vaccines as a 
Paediatric Population non - systemically treated psoriasis control group . Similar 

Undesirable effects in paediatric patients 12 years and proportions of adult patients developed protective levels of 
older with plaque psoriasis . The safety of ustekinumab has anti - pneumococcal and anti - tetanus antibodies and antibody 
been studied in a phase 3 study of 110 patients from 12 to titers were similar among STELARA - treated and control 
17 years of age for up to 60 weeks . In this study , the adverse patients . 
events reported were similar to those seen in previous Clinical Efficacy 
studies in adults with plaque psoriasis . 55 Crohn's Disease 
Reporting of Suspected Adverse Reactions The safety and efficacy of ustekinumab was assessed in 

Reporting suspected adverse reactions after authorisation three randomized , double - blind , placebo - controlled , multi 
of the medicinal product is important . It allows continued center studies in adult patients with moderately to severely 
monitoring of the benefit / risk balance of the medicinal active Crohn's disease ( Crohn's Disease Activity Index 
product . Healthcare professionals are asked to report any [ CDAI ] score of 2220 and 5450 ) . The clinical development 
suspected adverse reactions via the national reporting sys- program consisted of two 8 - week intravenous induction 
tem listed in Appendix V. studies ( UNITI - 1 and UNITI - 2 ) followed by a 44 week 
4.9 Overdose subcutaneous randomized withdrawal maintenance study 

Single doses up to 6 mg / kg have been administered 65 ( IM - UNITI ) representing 52 weeks of therapy . 
intravenously in clinical studies without dose - limiting tox- The induction studies included 1409 ( UNITI - 1 , n = 769 ; 
icity . In case of overdose , it is recommended that the patient UNITI - 2 n = 640 ) patients . The primary endpoint for both 

40 

50 

60 

Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 407 of 557 PageID #: 9324



5 

10 

15 

US 10,961,307 B2 
67 68 

induction studies was the proportion of subjects in clinical The maintenance study ( IM - UNITI ) , evaluated 388 
response ( defined as a reduction in CDAI score of > 100 patients who achieved 100 point clinical response at week 8 
points ) at week 6. Efficacy data were collected and analyzed of induction with ustekinumab in studies UNITI - 1 and 
through week 8 for both studies . Concomitant doses of oral UNITI - 2 . Patients were randomized to receive a subcutane 
corticosteroids , immunomodulators , aminosalicylates and ous maintenance regimen of either 90 mg ustekinumab 
antibiotics were permitted and 75 % of patients continued to every 8 weeks , 90 mg ustekinumab every 12 weeks or 
receive at least one of these medications . In both studies , placebo for 44 weeks ( for recommended maintenance poso 
patients were randomised to receive a single intravenous logy , see section 4.2 of the STELARA Solution for injection 
administration of either the recommended tiered dose of ( vial ) and Solution for injection in pre filled syringe SmPC ) . 
approximately 6 mg / kg ( see Table 1 , section 4.2 ) , a fixed Significantly higher proportions of patients maintained 
dose of 130 mg ustekinumab , or placebo at week 0 . clinical remission and response in the ustekinumab treated 

Patients in UNITI - 1 had failed or were intolerant to prior groups compared to the placebo group at week 44 ( see Label 
Table 4 ) . anti - TNFa therapy . Approximately 48 % of the patients had 

failed 1 prior anti - TNFa therapy and 52 % had failed 2 or 3 LABEL TABLE 4 prior anti - TNFa therapies . In this study , 29.1 % of the 
patients had an inadequate initial response ( primary non Maintenance of Clinical Response and Remission in IM - UNITI 
responders ) , 69.4 % responded but lost response ( secondary ( week 44 ; 52 weeks from initiation of the induction dose ) 
non - responders ) , and 36.4 % were intolerant to anti - TNFa 
therapies . 

ustekinumab ustekinumab Patients in UNITI - 2 had failed at least one conventional Placebo * every 8 weeks every 12 weeks 
therapy , including corticosteroids or immunomodulators , N = 131 * N = 128 * N = 129 * 
and were either anti - TNF - a naïve ( 68.6 % ) or had previously 
received but not failed anti - TNFa therapy ( 31.4 % ) . 25 Clinical Remission 49 % 

Clinical Response 44 % 59 % 58 % In both UNITI - 1 and UNITI - 2 , a significantly greater Corticosteroid - Free 47 % 
proportion of patients were in clinical response and remis- Clinical Remission 
sion in the ustekinumab treated group compared to placebo Clinical Remission in 
( Label Table 3 ) . Clinical response and remission were patients : 
significant as early as week 3 in ustekinumab treated patients 

in remission at the 46 % ( 36/79 ) 67 % ( 52/78 ) 56 % ( 44/78 ) and continued to improve through week 8. In these induction start of maintenance studies , efficacy was higher and better sustained in the tiered therapy 
dose group compared to the 130 mg dose group , and tiered who entered from study 44 % ( 31/70 ) 63 % ( 45/72 ) 57 % ( 41/72 ) 
dosing is therefore the recommended intravenous induction 35 CRD30021 
dose . 

20 
90 mg 90 mg 

36 % 53 % 

30 % 43 % 

30 

LABEL TABLE 3 

Induction of Clinical Response and Remission in UNITI - 1 and UNITI 2 

UNITI - 1 * UNITI - 2 ** 

Recommended 
dose of 

ustekinumab 
N = 249 

Recommended 
dose of 

ustekinumab 
N = 209 

Placebo 

N = 247 
Placebo 
N = 209 

18 ( 7.3 % ) 52 ( 20.9 % ) 41 ( 19.6 % ) 84 ( 40.2 % ) 

53 ( 21.5 % ) 84 ( 33.7 % ) 60 ( 28.7 % ) 116 ( 55.5 % ) " 

50 ( 20.2 % ) 94 ( 37.8 % ) 67 ( 32.1 % ) 121 ( 57.9 % ) 

Clinical Remission , 
week 8 

Clinical Response 
( 100 point ) , week 6 
Clinical Response 
( 100 point ) , week 8 
70 Point Response , 
week 3 

70 Point Response , 
week 6 

67 ( 27.1 % ) 101 ( 40.6 % ) 66 ( 31.6 % ) 106 ( 50.7 % ) 

75 ( 30.4 % ) 109 ( 43.8 % ) 81 ( 38.8 % ) 135 ( 64.6 % ) " 

Clinical remission is defined as CDAI score < 150 ; Clinical response is defined as reduction in CDAI score 
by at least 100 points or being in clinical remission 
70 point response is defined as reduction in CDAI score by at least 70 points 
* Anti - TNFa failures 

** Conventional therapy failures 
ap < 0.001 
bp < 0.01 
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partial Mayo score and symptomatic remission were LABEL TABLE 5 - continued 
observed between ustekinumab and placebo as early as 
Week 2 . Summary of Key Efficacy Outcomes in UNIFI - I ( Week 8 ) 

Efficacy was higher in the tiered dose group ( 6 mg / kg ) Recommended 
5 compared to the 130 mg dose group in select endpoints , and dose of 

Placebo tiered dosing is therefore the recommended intravenous ustekinumab 
N = 319 N = 322 induction dose . 

Symptomatic Remission 23 % 
8 % LABEL TABLE 5 Combined Symptomatic 

10 Remission and Mucosal 
Summary of Key Efficacy Outcomes in UNIFI - I ( Week 8 ) Healing 

* Infusion dose of ustekinumab using the weight - based dosage regimen specified in Label Recommended Table 1 . 
dose of * Clinical remission is defined as Mayo score s2 points , with no individual subscore > 1 . 

Placebo ustekinumab € $ Clinical response is defined as a decrease from baseline in the Mayo score by 230 % and 
N 319 N = 322 15 23 points , with either a decrease from baseline in the rectal bleeding subscore 21 or a rectal 

bleeding subscore of 0 or 1 . 
Clinical Remission * " A TNFa antagonist and / or vedolizumab . 5 % 16 % 
In patients who failed 9 % ( 15/158 ) 19 % ( 29/156 ) Mucosal healing is defined as a Mayo endoscopic subscore of 0 or 1 . 
conventional therapy , * Symptomatic remission is defined as a Mayo stool frequency subscore of 0 or 1 and a 

rectal bleeding subscore of 0 . 
but not a biologic + 
In patients who failed 1 % ( 2/161 ) 13 % ( 21/166 ) Combined symptomatic remission and mucosal healing is defined as a stool frequency 

20 subscore of 0 or 1 , a rectal bleeding subscore of 0 , and an endoscopy subscore of 0 or 1 . biological therapy ºp < 0.001 
In patients who failed 0 % ( 0/47 ) 10 % ( 6/58 ) bNominally significant ( p < 0.001 ) 
both a TNF and vedolizumab Nominally significant ( p < 0.05 ) 
Clinical Responses 31 % 62 % a 
In patients who failed 35 % ( 56/158 ) 67 % ( 104/156 ) UNIFI - M , evaluated 523 patients who achieved clinical 
conventional therapy , 
but not a biologic 25 response with single IV administration of ustekinumab in 
In patients who failed 27 % ( 44/161 ) 57 % ( 95/166 ) UNIFI - I . Patients were randomized to receive a subcutane 
biological therapy ous maintenance regimen of either 90 mg ustekinumab 
In patients who failed 28 % ( 13/47 ) 52 % ( 30/58 ) every 8 weeks , 90 mg ustekinumab every 12 weeks or both a TNF and vedolizumab 
Mucosal Healing 14 % 27 % placebo for 44 weeks ( for recommended maintenance poso 
In patients who failed 21 % ( 33/158 ) 33 % ( 52/156 ) 30 logy , see section 4.2 of the STELARA Solution for injection 
conventional therapy , ( vial ) and Solution for injection in pre filled syringe SmPC ) . but not a biologic 
In patients who failed 7 % ( 11/161 ) 21 % ( 35/166 ) Significantly greater proportions of patients were in clini 
biological therapy cal remission in both ustekinumab treated groups compared 

to the placebo group at week 44 ( see Label Table 6 ) . 
LABEL TABLE 6 

Summary of Key Efficacy Measures in UNIFI - M ( week 
44 ; 52 weeks from initiation of the induction dose ) 

90 mg 90 mg 
ustekinumab 

every 
8 Weeks 
N = 176 

ustekinumab 
every 

12 Weeks 
N = 172 

Placebo * 
N = 175 

24 % 
31 % ( 27/87 ) 

44 % 
48 % ( 41/85 ) 

38 % 
49 % ( 50/102 ) 

17 % ( 15/88 ) 40 % ( 36/91 ) 23 % ( 16/70 ) 
¥ 

15 % ( 4/27 ) 33 % ( 7/21 ) 23 % ( 5/22 ) 

45 % 71 % 68 % 

51 % ( 44/87 ) 78 % ( 66/85 ) 77 % ( 78/102 ) 

Clinical Remission ** 
In patients who failed 
conventional therapy , 
but not a biologic 
In patients who failed 
biological therapy 
In patients who failed 
both a TNF and 
vedolizumab 
Maintenance of Clinical 
Response through 
week 445 
In patients who failed 
conventional therapy , 
but not a biologic 
In patients who failed 
biological therapy 
In patients who failed 
both a TNF and 
vedolizumab 
Mucosal Healing 
Maintenance of Clinical 
Remission through 
week 44 € 
Corticosteroid Free 
Clinical Remission 
Durable Remission !! 

39 % ( 34/88 ) 65 % ( 59/91 ) 56 % ( 39/70 ) 
¥ 

41 % ( 11/27 ) 67 % ( 14/21 ) 50 % ( 11/22 ) 

44 % 29 % 
38 % ( 17/45 ) 

51 % 
58 % ( 22/38 ) 65 % ( 26/40 ) 

23 % 42 % 38 % 

35 % 57 % 48 % d 
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LABEL TABLE 6 - continued 

Summary of Key Efficacy Measures in UNIFI - M ( week 
44 ; 52 weeks from initiation of the induction dose ) 

90 mg 90 mg 
ustekinumab 

every 
8 Weeks 
N = 176 

ustekinumab 
every 

12 Weeks 
N = 172 

Placebo * 
N = 175 

45 % 
28 % 

68 % 9 
48 % 

62 % 
41 % 

Symptomatic Remission 
Combined Symptomatic 
Remission and Mucosal 
Healing 

* Following response to IV ustekinumab . 
** Clinical remission is defined as Mayo score s2 points , with no individual subscore > 1 . 
$ Clinical response is defined as a decrease from baseline in the Mayo score by 230 % and 23 points , with 
either a decrease from baseline in the rectal bleeding subscore 21 or a rectal bleeding subscore of 0 or 1 . * A TNFa antagonist and / or vedolizumab . 
* Mucosal healing is defined as a Mayo endoscopic sub - score of 0 or 1 . 
Maintenance of clinical remission through Week 44 is defined as patients in clinical remission through Week 
44 among patients in clinical remission at maintenance baseline . 
Corticosteroid - free clinical remission is defined as patients in clinical remission and not receiving 

corticosteroids at Week 44 . 
Durable Remission is defined as partial Mayo remission at 80 % of all visits prior to Week 44 and in partial 
Mayo remission at last visit ( Week 44 ) . 
Symptomatic remission is defined as a Mayo stool frequency subscore of 0 or 1 and a rectal bleeding 
subscore of 0 . 
Combined symptomatic remission and mucosal healing is defined as a stool frequency subscore of 0 or 

1 , a rectal bleeding subscore of 0 , and an endoscopy subscore of 0 or 1 . 
p < 0.001 
bp < 0.05 
Nominally significant ( p < 0.001 ) 
dNominally significant ( p < 0.05 ) 
Not statistically significant 

+ 

30 The beneficial effect of ustekinumab on clinical response , UNIFI - I and Week 44 of UNIFI - M . At week 8 , after a single 
mucosal healing and clinical remission was observed in intravenous induction dose , significantly greater proportions 
induction and in maintenance both in patients who failed of patients in the recommended dose group achieved histo 
conventional therapy but not a biologic therapy , as well as logic healing ( 36 % ) compared with patients in the placebo 
in those who had failed at least one prior TNFa antagonist 35 group ( 22 % ) . At Week 44 maintenance of this effect was 
therapy including in patients with a primary non - response to observed with significantly more patients in histologic heal 
TNFa antagonist therapy . A beneficial effect was also ing in the every 12 week ( 54 % ) and every 8 week ( 59 % ) 
observed in induction in patients who failed at least one prior ustekinumab groups as compared to placebo ( 33 % ) . 
TNFa antagonist therapy and vedolizumab , however the A combined endpoint of histo - endoscopic mucosal heal 
number of patients in this subgroup was too small to draw 40 ing defined as subjects having both mucosal healing and 
definitive conclusions about the beneficial effect in this histologic healing was evaluated at week 8 of UNIFI - I and group during maintenance . week 44 of UNIFI - M . Patients receiving ustekinumab at the Week 16 Responders to Ustekinumab Induction recommended dose showed significant improvements on the Ustekinumab treated patients who were not in response at histo - endoscopic mucosal healing endpoint at week 8 in the week 8 of UNIFI - I received an administration of 90 mg SC 45 ustekinumab group ( 18 % ) as compared to the placebo group ustekinumab at week 8 ( 36 % of patients ) . Of those patients , ( 9 % ) . At week 44 , maintenance of this effect was observed 9 % of patients who were initially randomized to the recom 
mended induction dose achieved clinical remission and 58 % with significantly more patients in histo - endoscopic mucosal 
achieved clinical response at Week 16 . healing in the every 12 week ( 39 % ) and every 8 week ( 46 % ) 

Patients who were not in clinical response to ustekinumab 50 ustekinumab groups compared to placebo ( 24 % ) . 
induction at week 8 of the UNFI - I study but were in Health - Related Quality of Life 
response at week 16 ( 157 patients ) entered into the non Health - related quality of life was assessed by Inflamma randomized portion of UNIFI - M and continued to receive tory Bowel Disease Questionnaire ( IBDQ ) , SF - 36 and maintenance dosing every 8 weeks ; among these patients , a EuroQoL - 5D ( EQ - 5D ) questionnaires . majority ( 62 % ) maintained response and 30 % achieved 55 
remission at week 44 . At week 8 of UNIFI - I , patients receiving ustekinumab 
Endoscopic Normalization showed significantly greater and clinically meaningful 

Endoscopic normalization was defined as a Mayo endo improvements on IBDQ total score , EQ - 5D and EQ - 5D 
scopic subscore of 0 and was observed as early as week 8 of VAS , and SF - 36 Mental Component Summary Score and 
UNIFI - I . At week 44 of UNIFI - M , it was achieved in 24 % 60 SF - 36 Physical Component Summary Score when compared 
and 29 % of patients treated with ustekinumab every 12 or 8 to placebo . These improvements were maintained in 
weeks , respectively , as compared to 18 % of patients in the ustekinumab - treated patients in UNIFI - M through week 44 . 
placebo group . Patients receiving ustekinumab experienced significantly 
Histologic & Histo Endoscopic Mucosal Healing more improvements in work productivity as assessed by 

Histologic healing ( defined as neutrophil infiltration 65 greater reductions in overall work impairment and in activity 
in < 5 % of crypts , no crypt destruction , and no erosions , impairment as assessed by the WPAI - GH questionnaire than 
ulcerations , or granulation tissue ) was assessed at week 8 of patients receiving placebo . 
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Hospitalizations and Ulcerative Colits ( UC ) Related ustekinumab status while body weight was the main covari 
Surgeries ate affecting the volume of distribution . Additionally in 

Through week 8 of UNIFI - I , the proportions of subjects Crohn's disease , clearance was affected by C - reactive pro 
with UC disease related hospitalizations were significantly tein , TNF antagonist failure status and race ( Asian versus 
lower for subjects in the ustekinumab recommended dose 5 non - Asian ) . The impact of these covariates was within 
group ( 1.6 % , 5/322 ) compared with subjects in the placebo + 20 % of the typical or reference value of the respective PK group ( 4.4 % , 14/319 ) and no subjects underwent UC disease parameter , thus dose adjustment is not warranted for these related surgeries in subjects receiving ustekinumab at the covariates . Concomitant use of immunomodulators did not recommended induction dose compared to 0.6 % ( 2/319 ) have a significant impact on ustekinumab disposition . subjects in the placebo group . Regulation of CYP450 Enzymes Through week 44 of UNIFI - M , a significantly lower The effects of IL - 12 or IL - 23 on the regulation of CYP450 number of UC - related hospitalizations was observed in 
subjects in the combined ustekinumab group ( 2.0 % , 7/348 ) enzymes were evaluated in an in vitro study using human 
as compared with subjects in the placebo group ( 5.7 % , hepatocytes , which showed that IL - 12 and / or IL - 23 at levels 
10/175 ) . A numerically lower number of subjects in the 15 of 10 ng / mL did not alter human CYP450 enzyme activities 
ustekinumab group ( 0.6 % , 2/348 ) underwent UC disease ( CYP1A2 , 2B6 , 2C9 , 2C19 , 2D6 , or 3A4 ; see section 4.5 ) . 
related surgeries compared with subjects in the placebo 5.3 Preclinical Safety Data 
group ( 1.7 % , 3/175 ) through week 44 . Non - clinical data reveal no special hazard ( e.g. organ 
Immunogenicity toxicity ) for humans based on studies of repeated - dose 

Antibodies ustekinumab may develop during 20 toxicity and developmental and reproductive toxicity , 
ustekinumab treatment and most are neutralising . The for- including safety pharmacology evaluations . In developmen 
mation of anti - ustekinumab antibodies is associated with tal and reproductive toxicity studies in cynomolgus mon 
increased clearance of ustekinumab in patients with Crohn's keys , neither adverse effects on male fertility indices nor 
disease or ulcerative colitis . No reduced efficacy was birth defects or developmental toxicity were observed . No 
observed . There is no apparent correlation between the 25 adverse effects on female fertility indices were observed 
presence of anti - ustekinumab antibodies and the occurrence using an analogous antibody to IL - 12 / 23 in mice . 
of injection site reactions . Dose levels in animal studies were up to approximately Paediatric Population 45 - fold higher than the highest equivalent dose intended to The European Medicines Agency has deferred the obli be administered to psoriasis patients and resulted in peak gation to submit the results of studies with ustekinumab in 30 serum concentrations in monkeys that were more than one or more subsets of the paediatric population in Crohn's 100 - fold higher than observed in humans . Carcinogenicity Disease and ulcerative colitis ( see section 4.2 for informa 
tion on paediatric use ) . studies were not performed with ustekinumab due to the lack 
5.2 Pharmacokinetic Properties of appropriate models for an antibody with no cross - reac 

Following the recommended intravenous induction dose , 35 tivity to rodent IL - 12 / 23 p40 . 6. Pharmaceutical Particulars median peak serum ustekinumab concentration , observed 1 
hour after the infusion , was 126.1 ug / mL in patients with 6.1 List of Excipients 
Crohn's disease and 127.0 ug / mL in patients with ulcerative EDTA disodium salt dihydrate 
colitis . L - histidine 
Distribution L - histidine monohydrochloride monohydrate 

Median volume of distribution during the terminal phase L - methionine 
( Vz ) following a single intravenous administration to Polysorbate 80 
patients with psoriasis ranged from 57 to 83 mL / kg . Sucrose 
Biotransformation Water for injection 

The exact metabolic pathway for ustekinumab is 45 6.2 Incompatibilities 
unknown . In the absence of compatibility studies , this medicinal 
Elimination product must not be mixed with other medicinal products . 

Median systemic clearance ( CL ) following a single intra- STELARA should only be diluted with sodium chloride 9 
venous administration to patients with psoriasis ranged from mg / mL ( 0.9 % ) solution . STELARA should not be adminis 
1.99 to 2.34 mL / day / kg . Median half - life ( t12 ) of 50 tered concomitantly in the same intravenous line with other 
ustekinumab was approximately 3 weeks in patients with medicinal products . 
ulcerative colitis , Crohn's disease , psoriasis and / or psoriatic 6.3 Shelf Life 
arthritis , ranging from 15 to 32 days across all psoriasis and 
psoriatic arthritis studies . Do not freeze . 
Dose Linearity Chemical and physical in - use stability has been demon 

The systemic exposure of ustekinumab ( Cmax and AUC ) strated for 8 hours at 15-25 ° C. 
increased in an approximately dose - proportional manner From a microbiological point of view , unless the method 
after a single intravenous administration at doses ranging of dilution precludes the risk of microbial contamination , the 
from 0.09 mg / kg to 4.5 mg / kg . product should be used immediately . If not used immedi 
Special Populations 60 ately , in - use storage times and conditions are the responsi 
No pharmacokinetic data are available in patients with bility of user . 

impaired renal or hepatic function . No specific studies have 6.4 Special Precautions for Storage 
been conducted with intravenous ustekinumab in elderly or Store in a refrigerator ( 2 ° C. - 8 ° C. ) . Do not freeze . 
paediatric patients . Keep the vial in the outer carton in order to protect from 

In patients with Crohn's disease and ulcerative colitis , 65 light . 
variability in ustekinumab clearance was affected by body For storage conditions after dilution of the medicinal 
weight , serum albumin level , sex , and antibody to product , see section 6.3 

40 

3 years . 

55 
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6.5 Nature and Contents of Container STELARA 45 mg Solution for Injection in Pre - Filled 
26 mL solution in a type I glass 30 mL vial closed with Syringe 

a coated butyl rubber stopper . STELARA is available in a 1 Each pre - filled syringe contains 45 mg ustekinumab in 0.5 
vial pack . mL . 
6.6 Special Precautions for Disposal and Other Handling STELARA 90 mg Solution for Injection in Pre - Filled 
The solution in the STELARA vial should not be shaken . Syringe 

The solution should be visually inspected for particulate Each pre - filled syringe contains 90 mg ustekinumab in 1 matter or discoloration prior to administration . The solution mL . 
is clear , colourless to light yellow . The medicinal product 
should not be used if the solution is discoloured or cloudy , Ustekinumab is a fully human IgGlk monoclonal anti 

body to interleukin ( IL ) -12/23 produced in a murine or if foreign particulate matter is present . myeloma cell line using recombinant DNA technology . Dilution 
STELARA concentrate for solution for infusion must be the full list of excipients , see section 6.1 . 

diluted and prepared by a healthcare professional using 15 3. Pharmaceutical Form 
aseptic technique . STELARA 45 mg Solution for Injection 
1. Calculate the dose and the number of STELARA vials Solution for injection . 
needed based on patient weight ( see section 4.2 , Label STELARA 90 mg Solution for Injection Table 1 ) . Each 26 mL vial of STELARA contains 130 mg Solution for injection . of ustekinumab . Only use complete vials of STELARA . 20 

2. Withdraw and discard a volume of the sodium chloride 9 STELARA 45 mg Solution for Injection in Pre - Filled 
mg / mL ( 0.9 % ) solution from the 250 mL infusion bag Syringe 
equal to the volume of STELARA to be added . ( discard Solution for injection . 
26 mL sodium chloride for each vial of STELARA STELARA 90 mg Solution for Injection in Pre - Filled 
needed , for 2 vials - discard 52 mL , for 3 vials - discard 78 25 Syringe 
mL , for 4 vials - discard 104 mL ) Solution for injection . 3. Withdraw 26 mL of STELARA from each vial needed and 
add it to the 250 mL infusion bag . The final volume in the The solution is clear to slightly opalescent , colourless to 
infusion bag should be 250 mL . Gently mix . light yellow . 

4. Visually inspect the diluted solution before administra- 30 4. Clinical Particulars 
tion . Do not use if visibly opaque particles , discoloration 4.1 Therapeutic Indications 
or foreign particles are observed . 

5. Administer the diluted solution over a period of at least Plaque Psoriasis 
one hour . Once diluted , the infusion should be completed STELARA is indicated for the treatment of moderate to 
within eight hours of the dilution in the infusion bag . 35 severe plaque psoriasis in adults who failed to respond to , or 

6. Use only an infusion set with an in - line , sterile , non who have a contraindication to , or are intolerant to other 
pyrogenic , low protein - binding filter ( pore size 0.2 systemic therapies including ciclosporin , methotrexate 
micrometer ) . ( MTX ) or PUVA ( psoralen and ultraviolet A ) ( see section 

7. Each vial is for single use only and any unused medicinal 5.1 ) . 
product should be disposed of in accordance with local 40 Paediatric Plaque Psoriasis 
requirements . STELARA is indicated for the treatment of moderate to 7. Marketing Authorisation Holder severe plaque psoriasis in adolescent patients from the age 
Janssen - Cilag International NV of 12 years and older , who are inadequately controlled by , or Turnhoutseweg 30 are intolerant to , other systemic therapies or phototherapies 
2340 Beerse ( see section 5.1 ) . Belgium Psoriatic Arthritis ( PSA ) 8. Marketing Authorisation Number ( S ) 
EU / 1 / 08 / 494 / 005 STELARA , alone or in combination with MTX , is indi 

9. Date of First Authorisation / Renewal of the Authorisation cated for the treatment of active psoriatic arthritis in adult 
Date of first authorisation : 16 Jan. 2009 50 patients when the response to previous non - biological dis 
Date of latest renewal : 19 Sep. 2013 ease - modifying anti - rheumatic drug ( DMARD ) therapy has 

10. Date of Revision of the Text been inadequate ( see section 5.1 ) . 
Detailed information on this medicinal product is avail- Crohn's Disease 

able on the website of the European Medicines Agency STELARA is indicated for the treatment of adult patients http://www.ema.europa.eu/ with moderately to severely active Crohn's disease who 1. Name of the Medicinal Product have had an inadequate response with , lost response to , or STELARA 45 mg solution for injection were intolerant to either conventional therapy or a TNFa STELARA 90 mg solution for injection antagonist or have medical contraindications to such thera STELARA 45 mg solution for injection in pre - filled pies . syringe 
STELARA 90 mg solution for injection in pre - filled Ulcerative Colitis 

syringe STELARA is indicated for the treatment of adult patients 
2. Qualitative and Quantitative Composition with moderately to severely active ulcerative colitis who 
STELARA 45 mg Solution for Injection have had an inadequate response with , lost response to , or 
Each vial contains 45 mg ustekinumab in 0.5 mL . 65 were intolerant to either conventional therapy or a biologic 

STELARA 90 mg Solution for Injection or have medical contraindications to such therapies ( see 
Each vial contains 90 mg ustekinumab in 1 mL . section 5.1 ) . 

45 

55 

60 
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32 24.0 
24.8 
25.5 
26.3 

0.27 
0.27 
0.28 
0.29 
0.30 

10 

33 
34 
35 
36 
37 
38 
39 
40 

28.5 
29.3 
30.0 

0.32 
0.32 
0.33 

15 

33.0 
33.8 

0.36 
0.37 
0.37 
0.38 

42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

20 36.0 
36.8 
37.5 
38.3 
39.0 
39.8 

0.40 
0.41 
0.42 
0.42 
0.43 
0.44 
0.45 
0.46 

25 
53 
54 
55 
56 

41.3 

58 
59 

43.5 
44.3 

0.47 
0.48 
0.49 
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4.2 Posology and Method of Administration LABEL TABLE 2 - continued 
STELARA is intended for use under the guidance and 

supervision of physicians experienced in the diagnosis and Injection volumes of STELARA for paediatric 
treatment of conditions for which STELARA is indicated . psoriasis patients < 60 kg 
Posology 
Plaque Psoriasis Body weight at time of dosing ( kg ) ( mg ) Volume of injection ( mL ) 

The recommended posology of STELARA is an initial 
dose of 45 mg administered subcutaneously , followed by a 
45 mg dose 4 weeks later , and then every 12 weeks there 
after . 

Consideration should be given to discontinuing treatment 27.0 
in patients who have shown no response up to 28 weeks of 27.8 0.31 
treatment . 
Patients with Body Weight > 100 kg 

For patients with a body weight > 100 kg the initial dose is 41 30.8 0.34 90 mg administered subcutaneously , followed by a 90 mg 31.5 0.35 
dose 4 weeks later , and then every 12 weeks thereafter . In 32.3 
these patients , 45 mg was also shown to be efficacious . 
However , 90 mg resulted in greater efficacy . ( see section 5.1 , 34.5 Label Table 4 ) 35.3 0.39 Psoriatic Arthritis ( PSA ) 

The recommended posology of STELARA is an initial 
dose of 45 mg administered subcutaneously , followed by a 
45 mg dose 4 weeks later , and then every 12 weeks there 52 after . Alternatively , 90 mg may be used in patients with a 
body weight > 100 kg . 40.5 

Consideration should be given to discontinuing treatment 
42.0 0.46 in patients who have shown no response up to 28 weeks of 57 42.8 treatment . 

Elderly ( 265 years ) 
No dose adjustment is needed for elderly patients ( see 30 

section 4.4 ) . 
Renal and Hepatic Impairment Consideration should be given to discontinuing treatment 
STELARA has not been studied in these patient popula in patients who have shown no response up to 28 weeks of 

treatment . tions . No dose recommendations can be made . 
Paediatric Population Crohn's Disease and Ulcerative Colitis 
The safety and efficacy of STELARA in children with In the treatment regimen , the first dose of STELARA is 

psoriasis less than 12 years of age or in children with administered intravenously . For the posology of the intra 
psoriatic arthritis less than 18 years of age have not yet been venous dosing regimen , see section 4.2 of the STELARA 
established . 130 mg Concentrate for solution for infusion SmPC . 
Paediatric Plaque Psoriasis ( 12 Years and Older ) The first subcutaneous administration of 90 mg STE 

The recommended dose of STELARA based on body LARA should take place at week 8 after the intravenous 
weight is shown below ( Label Tables 1 and 2 ) . STELARA dose . After this , dosing every 12 weeks is recommended . 
should be administered at Weeks 0 and 4 , then every 12 Patients who have not shown adequate response at 8 
weeks thereafter . weeks after the first subcutaneous dose , may receive a 

45 second subcutaneous dose at this time ( see section 5.1 ) . 
LABEL TABLE 1 Patients who lose response on dosing every 12 weeks may 

benefit from an increase in dosing frequency to every 8 Recommended dose of STELARA for paediatric psoriasis 
weeks ( see section 5.1 , section 5.2 ) . 

Body weight at the time of dosing Recommended Dose Patients may subsequently be dosed every 8 weeks or 
< 60 kg 0.75 mg / kg every 12 weeks according to clinical judgment ( see section 

260-5100 kg 5.1 ) . 
> 100 kg Consideration should be given to discontinuing treatment 

in patients who show no evidence of therapeutic benefit 16 " To calculate the volume of injection ( mL ) for patients < 60 kg , use the following formula : 
be rounded to the nearest 0.01 mL and administered using ai mi graduated syringe ud 55 weeks after the IV induction dose or 16 weeks after switch 
45 mg vial is available for paediatric patients who need to receive less than the full 45 mg ing to the 8 - weekly maintenance dose . 

Immunomodulators and / or corticosteroids may be contin 
ued during treatment with STELARA . In patients who have 

LABEL TABLE 2 responded to treatment with STELARA , corticosteroids may 
60 be reduced or discontinued in accordance with standard of Injection volumes of STELARA for paediatric 

psoriasis patients < 60 kg 
In Crohn's disease , if therapy is interrupted , resumption 

of treatment with subcutaneous dosing every 8 weeks is safe 
Body weight at time of dosing ( kg ) ( mg ) Volume of injection ( mL ) and effective . 

22.5 65 Elderly ( 265 Years ) 
No dose adjustment is needed for elderly patients ( see 

section 4.4 ) . 

35 

40 

50 

45 mg 
90 mg 

dose . 

care . 

Dose 

30 
31 

0.25 
0.26 23.3 
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Renal and Hepatic Impairment All patients , in particular those greater than 60 years of 
STELARA has not been studied in these patient popula- age , patients with a medical history of prolonged immuno 

tions . No dose recommendations can be made . suppressant therapy or those with a history of PUVA treat 
Paediatric Population ment , should be monitored for the appearance of non 

The safety and efficacy of STELARA in treatment of 5 melanoma skin cancer ( see section 4.8 ) . 
Crohn's disease or ulcerative colitis in children less than 18 Systemic and respiratory hypersensitivity reactions 
years have not yet been established . No data are available . Systemic 
Method of Administration Serious hypersensitivity reactions have been reported in STELARA 45 mg and 90 mg vials or pre - filled syringes the postmarketing setting , in some cases several days after are for subcutaneous injection only . If possible , areas of the 10 treatment . Anaphylaxis and angioedema have occurred . If an skin that show psoriasis should be avoided as injection sites . 

After proper training in subcutaneous injection technique , anaphylactic or other serious hypersensitivity reaction 
patients or their caregivers may inject STELARA if a occurs , appropriate therapy should be instituted and admin 
physician determines that it is appropriate . However , the istration of STELARA should be discontinued ( see section 
physician should ensure appropriate follow - up of patients . 15 4.8 ) . 
Patients or their caregivers should be instructed to inject the Respiratory 
prescribed amount of STELARA according to the directions Cases of allergic alveolitis and eosinophilic pneumonia 

have provided in the package leaflet . been reported during post - approval of 
Comprehensive instructions for administration are given ustekinumab . Clinical presentations included cough , dysp 

in the package leaflet . 20 noea , and interstitial infiltrates following one to three doses . 
For further instructions on preparation and special pre- Serious outcomes have included respiratory failure and 

cautions for handling , see section 6.6 . prolonged hospitalisation . Improvement has been reported 
4.3 Contraindications after discontinuation of ustekinumab and also , in some 

Hypersensitivity to the active substance or to any of the cases , administration of corticosteroids . If infection has been 
excipients listed in section 6.1 . 25 excluded and diagnosis is confirmed , discontinue 

Clinically important , active infection ( e.g. active tuber ustekinumab and institute appropriate treatment ( see section 
culosis ; see section 4.4 ) . 4.8 ) . 4.4 Special Warnings and Precautions for Use Latex Sensitivity Traceability The needle cover on the syringe in the STELARA pre In order to improve the traceability of biological medici- 30 filled syringe is manufactured from dry natural rubber ( a nal products , the tradename and the batch number of the derivative of latex ) , which may cause allergic reactions in administered product should be clearly recorded . individuals sensitive to latex . Infections Vaccinations Ustekinumab may have the potential to increase the risk It is recommended that live viral or live bacterial vaccines of infections and reactivate latent infections . In clinical 35 
studies , serious bacterial , fungal , and viral infections have ( such as Bacillus of Calmette and Guérin ( BCG ) ) should not 
been observed in patients receiving STELARA ( see section be given concurrently with STELARA . Specific studies 
4.8 ) . have not been conducted in patients who had recently 

Caution should be exercised when considering the use of received live viral or live bacterial vaccines . No data are 
STELARA in patients with a chronic infection or a history 40 available on the secondary transmission of infection by live 
of recurrent infection ( see section 4.3 ) . vaccines in patients receiving STELARA . Before live viral 

Prior to initiating treatment with STELARA , patients or live bacterial vaccination , treatment with STELARA 
should be evaluated for tuberculosis infection . STELARA should be withheld for at least 15 weeks after the last dose 
must not be given to patients with active tuberculosis ( see and can be resumed at least 2 weeks after vaccination . 
section 4.3 ) . Treatment of latent tuberculosis infection 45 Prescribers should consult the Summary of Product Char 
should be initiated prior to administering STELARA . Anti- acteristics for the specific vaccine for additional information 
tuberculosis therapy should also be considered prior to and guidance on concomitant use of immunosuppressive 
initiation of STELARA in patients with a history of latent or agents post - vaccination . 
active tuberculosis in whom an adequate course of treatment Patients receiving STELARA may receive concurrent cannot be confirmed . Patients receiving STELARA should 50 inactivated or non - live vaccinations . be monitored closely for signs and symptoms of active Long term treatment with STELARA does not suppress tuberculosis during and after treatment . the humoral immune response to pneumococcal polysaccha Patients should be instructed to seek medical advice if ride or tetanus vaccines ( see section 5.1 ) . signs or symptoms suggestive of an infection occur . If a Concomitant Immunosuppressive Therapy patient develops a serious infection , the patient should be 55 
closely monitored and STELARA should not be adminis In psoriasis studies , the safety and efficacy of STELARA 
tered until the infection resolves . in combination with immunosuppressants , including biolog 
Malignancies ics , or phototherapy have not been evaluated . In psoriatic 

Immunosuppressants like ustekinumab have the potential arthritis studies , concomitant MTX use did not appear to 
to increase the risk of malignancy . Some patients who 60 influence the safety or efficacy of STELARA . In Crohn's 
received STELARA in clinical studies developed cutaneous disease and ulcerative colitis studies , concomitant use of 
and non - cutaneous malignancies ( see section 4.8 ) . immunosuppressants or corticosteroids did not appear to 
No studies have been conducted that include patients with influence the safety or efficacy of STELARA . Caution 

a history of malignancy or that continue treatment in patients should be exercised when considering concomitant use of 
who develop malignancy while receiving STELARA . Thus , 65 other immunosuppressants and STELARA or when transi 
caution should be exercised when considering the use of tioning from other immunosuppressive biologics ( see sec 
STELARA in these patients . tion 4.5 ) . 
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Immunotherapy Pregnancy 
STELARA has not been evaluated in patients who have There are no adequate data from the use of ustekinumab undergone allergy immunotherapy . It is not known whether in pregnant women . Animal studies do not indicate direct or STELARA may affect allergy immunotherapy . indirect harmful effects with respect to pregnancy , embry 

Serious Skin Conditions onic / foetal development , parturition or postnatal develop 
In patients with psoriasis , exfoliative dermatitis has been ment ( see section 5.3 ) . As a precautionary measure , it is reported following ustekinumab treatment ( see section 4.8 ) . preferable to avoid the use of STELARA in pregnancy . Patients with plaque psoriasis may develop erythrodermic Breast - Feeding psoriasis , with symptoms that may be clinically indistin 

guishable from exfoliative dermatitis , as part of the natural It is unknown whether ustekinumab is excreted in human 
course of their disease . As part of the monitoring of the breast milk . Animal studies have shown excretion of 
patient's psoriasis , physicians should be alert for symptoms ustekinumab at low levels in breast milk . It is not known if 
of erythrodermic psoriasis or exfoliative dermatitis . If these ustekinumab is absorbed systemically after ingestion . 
symptoms occur , appropriate therapy should be instituted . Because of the potential for adverse reactions in nursing 
STELARA should be discontinued if a drug reaction is infants from ustekinumab , a decision on whether to discon 
suspected . tinue breast - feeding during treatment and up to 15 weeks 
Special Populations after treatment or to discontinue therapy with STELARA 
Elderly ( 265 years ) must be made taking into account the benefit of breast 
No overall differences in efficacy or safety in patients age 20 feeding to the child and the benefit of STELARA therapy to 

65 and older who received STELARA were observed com the woman . 
pared to younger patients in clinical studies in approved Fertility 
indications , however the number of patients aged 65 and 
older is not sufficient to determine whether they respond The effect of ustekinumab on human fertility has not been 

evaluated ( see section 5.3 ) . differently from younger patients . Because there is a higher 25 
incidence of infections in the elderly population in general , 4.7 Effects on Ability to Drive and Use Machines 
caution should be used in treating the elderly . STELARA has no or negligible influence on the ability to 4.5 Interaction with Other Medicinal Products and Other drive and use machines . 
Forms of Interaction 

Live vaccines should not be given concurrently with 30 4.8 Undesirable Effects 
STELARA ( see section 4.4 ) . Summary of the Safety Profile 
No interaction studies have been performed in humans . In The most common adverse reactions ( > 5 % ) in controlled the population pharmacokinetic analyses of the phase III periods of the adult psoriasis , psoriatic arthritis , Crohn's studies , the effect of the most frequently used concomitant disease and ulcerative colitis clinical studies with medicinal products in patients with psoriasis ( including 35 ustekinumab were nasopharyngitis and headache . Most were paracetamol , ibuprofen , acetylsalicylic acid , metformin , considered to be mild and did not necessitate discontinuation atorvastatin , levothyroxine ) on pharmacokinetics of 

ustekinumab was explored . There were no indications of an of study treatment . The most serious adverse reaction that 
interaction with these concomitantly administered medicinal has been reported for STELARA is serious hypersensitivity 
products . The basis for this analysis was that at least 100 40 reactions including anaphylaxis ( see section 4.4 ) . The over 
patients ( > 5 % of the studied population ) were treated con all safety profile was similar for patients with psoriasis , 
comitantly with these medicinal products for at least 90 % of psoriatic arthritis , Crohn's disease and ulcerative colitis . 
the study period . The pharmacokinetics of ustekinumab was Tabulated List of Adverse Reactions 
not impacted by concomitant use of MTX , NSAIDs , 6 - mer The safety data described below reflect exposure in adults captopurine , azathioprine and oral corticosteroids in patients 45 
with psoriatic arthritis , Crohn's disease or ulcerative colitis , to ustekinumab in 14 phase 2 and phase 3 studies in 6,709 
or prior exposure to anti - TNFa agents , in patients with patients ( 4,135 with psoriasis and / or psoriatic arthritis , 1,749 
psoriatic arthritis or Crohn's disease or by prior exposure to with Crohn's disease and 825 patients with ulcerative coli 
biologics ( i.e. anti - TNFa agents and / or vedolizumab ) in tis ) . This includes exposure to STELARA in the controlled 
patients with ulcerative colitis . 50 and non - controlled periods of the clinical studies for at least 

The results of an in vitro study do not suggest the need for 6 months or 1 year ( 4,577 and 3,253 patients respectively dose adjustments in patients who are receiving concomitant with psoriasis , psoriatic arthritis , Crohn's disease or ulcer CYP450 substrates ( see section 5.2 ) . ative colitis ) and exposure for at least 4 or 5 years ( 1,482 and In psoriasis studies , the safety and efficacy of STELARA 
in combination with immunosuppressants , including biolog- 55 838 patients with psoriasis respectively ) . 
ics , or phototherapy have not been evaluated . In psoriatic Table 3 provides a list of adverse reactions from adult 
arthritis studies , concomitant MTX use did not appear to psoriasis , psoriatic arthritis , Crohn's disease and ulcerative 
influence the safety or efficacy of STELARA . In Crohn's colitis clinical studies as well as adverse reactions reported 
disease and ulcerative colitis studies , concomitant use of from post - marketing experience . The adverse reactions are 
immunosuppressants or corticosteroids did not appear to 60 classified by System Organ Class and frequency , using the 
influence the safety or efficacy of STELARA . ( see section following convention : Very common ( > 1/10 ) , Common ( 21 / 4.4 ) . 
4.6 Fertility , Pregnancy and Lactation 100 to < 1/10 ) , Uncommon ( > 1 / 1,000 to < 1/100 ) , Rare 
Women of Childbearing Potential ( 21 / 10,000 to < 1 / 1,000 ) , Very rare ( s1 / 10,000 ) , not known 
Women of childbearing potential should use effective 65 ( cannot be estimated from the available data ) . Within each 

methods of contraception during treatment and for at least frequency grouping , adverse reactions are presented in order 
15 weeks after treatment . of decreasing seriousness . 
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LABEL TABLE 3 studies , the incidence of malignancies excluding non - mela 
noma skin cancer was 0.11 per 100 patient - years of follow 

List of adverse reactions up for ustekinumab - treated patients ( 1 patient in 929 patient 
years of follow - up ) compared with 0.23 for placebo - treated System Organ Class Frequency : Adverse reaction 5 patients ( 1 patient in 434 patient - years of follow - up ) . The 

Common : Upper respiratory tract infection , incidence of non - melanoma skin cancer was 0.43 per 100 
infestations nasopharyngitis , sinusitis patient years of follow - up for ustekinumab - treated patients Uncommon : Cellulitis , dental infections , herpes 

zoster , lower respiratory tract infection , ( 4 patients in 929 patient - years of follow - up ) compared to 
viral upper respiratory tract infection , 0.46 for placebo - treated patients ( 2 patients in 433 patient 
vulvovaginal mycotic infection 10 years of follow - up ) . 

Immune system Uncommon : Hypersensitivity reactions In the controlled and non - controlled periods of psoriasis , disorders ( including rash , urticaria ) 
Rare : Serious hypersensitivity reactions psoriatic arthritis , Crohn's disease and ulcerative colitis 
( including anaphylaxis , angioedema ) clinical studies , representing 11,561 patient - years of expo 

Psychiatric Uncommon : Depression sure in 6,709 patients , the median follow - up was 1.0 years ; 
disorders 15 1.1 years for psoriatic disease studies , 0.6 year for Crohn's Nervous system Common : Dizziness , headache 
disorders Uncommon : Facial palsy disease studies and 1.0 years for ulcerative colitis studies . 
Respiratory , Common : Oropharyngeal pain Malignancies excluding non - melanoma skin cancers were 

Uncommon : Nasal congestion reported in 62 patients in 11,561 patient - years of follow - up 
mediastinal Rare : Allergic alveolitis , eosinophilic ( incidence of 0.54 per 100 patient - years of follow - up for disorders pneumonia 
Gastrointestinal Common : Diarrhoea , nausea , vomiting 20 ustekinumab - treated patients ) . The incidence of malignan 

cies reported in ustekinumab - treated patients was compa 
Skin and rable to the incidence expected in the general population 

Uncommon : Pustular psoriasis , skin exfoliation , ( standardised incidence ratio = 0.93 [ 95 % confidence inter tissue disorders 
Rare : Exfoliative dermatitis val : 0.71 , 1.20 ] , adjusted for age , gender and race ) . The most 

Musculoskeletal Common : Back pain , myalgia , arthralgia 25 frequently observed malignancies , other than non - mela 
and connective noma skin cancer , were prostate , colorectal , melanoma and 
tissue disorders breast cancers . The incidence of non - melanoma skin cancer General disorders Common : Fatigue , injection site erythema , 
and administration injection site pain 0.49 per 100 patient - years of follow - up for 
site conditions Uncommon : Injection site reactions ( including ustekinumab - treated patients ( 56 patients in 11,545 patient 

haemorrhage , haematoma , induration , swelling 30 years of follow - up ) . The ratio of patients with basal versus 
and pruritus ) , asthenia squamous cell skin cancers ( 3 : 1 ) is comparable with the 

ratio expected in the general population ( see section 4.4 ) . 
Description of Selected Adverse Reactions Hypersensitivity Reactions 
Infections During the controlled periods of the psoriasis and psori 

In the placebo - controlled studies of patients with psoria- 35 atic arthritis clinical studies of ustekinumab , rash and urti 
sis , psoriatic arthritis , Crohn's disease and ulcerative colitis , caria have each been observed in < 1 % of patients ( see 
the rates of infection or serious infection were similar section 4.4 ) . 

Paediatric Population between ustekinumab - treated patients and those treated with Undesirable effects in paediatric patients 12 years and placebo . In the placebo - controlled period of these clinical 
studies , the rate of infection was 1.36 per patient - year of 40 older with plaque psoriasis 

The safety of ustekinumab has been studied in a phase 3 follow - up in ustekinumab - treated patients , and 1.34 in pla study of 110 patients from 12 to 17 years of age for up to 60 cebo - treated patients . Serious infections occurred at the rate weeks . In this study , the adverse events reported were of 0.03 per patient - year of follow - up in ustekinumab - treated similar to those seen in previous studies in adults with patients ( 30 serious infections in 930 patient - years of fol 45 plaque psoriasis . 
low - up ) and 0.03 in placebo - treated patients ( 15 serious Reporting of Suspected Adverse Reactions 
infections in 434 patient - years of follow - up ) ( see section Reporting suspected adverse reactions after authorisation 
4.4 ) . of the medicinal product is important . It allows continued 

In the controlled and non - controlled periods of psoriasis , monitoring of the benefit / risk balance of the medicinal 
psoriatic arthritis , Crohn's disease and ulcerative colitis 50 product . Healthcare professionals are asked to report any 
clinical studies , representing 11,581 patient - years of expo- suspected adverse reactions via the national reporting sys 
sure in 6,709 patients , the median follow up was 1.0 years ; tem listed in Appendix V. 
1.1 years for psoriatic disease studies , 0.6 year for Crohn's 4.9 Overdose 
disease studies , and 1.0 years for ulcerative colitis studies . Single doses up to 6 mg / kg have been administered 
The rate of infection was 0.91 per patient - year of follow - up 55 intravenously in clinical studies without dose - limiting tox 
in ustekinumab - treated patients , and the rate of serious icity . In case of overdose , it is recommended that the patient 
infections was 0.02 per patient - year of follow - up in be monitored for any signs or symptoms of adverse reactions 
ustekinumab - treated patients ( 199 serious infections in and appropriate symptomatic treatment be instituted imme 
11,581 patient - years of follow - up ) and serious infections diately . 
reported included pneumonia , anal abscess , cellulitis , diver- 60 5. Pharmacological Properties 
ticulitis , gastroenteritis and viral infections . 5.1 Pharmacodynamic Properties 

In clinical studies , patients with latent tuberculosis who Pharmacotherapeutic group : Immunosuppressants , inter 
were concurrently treated with isoniazid did not develop leukin inhibitors , ATC code : L04AC05 . 
tuberculosis . Mechanism of Action 
Malignancies Ustekinumab is a fully human IgG1K monoclonal anti 

In the placebo - controlled period of the psoriasis , psoriatic body that binds with specificity to the shared p40 protein 
arthritis , Crohn's disease and ulcerative colitis clinical subunit of human cytokines interleukin ( IL ) -12 and IL - 23 . 

65 
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Ustekinumab inhibits the bioactivity of human IL - 12 and Psoriasis Study 1 ( PHOENIX 1 ) evaluated 766 patients . 
IL - 23 by preventing p40 from binding to the IL - 12RB1 53 % of these patients were either non - responsive , intolerant , 
receptor protein expressed on the surface of immune cells . or had a contraindication to other systemic therapy . Patients 
Ustekinumab cannot bind to IL - 12 or IL - 23 that is already randomised to ustekinumab received 45 mg or 90 mg doses 
bound to IL - 12Rßi cell surface receptors . Thus , 5 at Weeks 0 and 4 and followed by the same dose every 12 
ustekinumab is not likely to contribute to complement- or weeks . Patients randomised to receive placebo at Weeks 0 

and 4 crossed over to receive ustekinumab ( either 45 mg or antibody - mediated cytotoxicity of cells with IL - 12 and / or 90 mg ) at Weeks 12 and 16 followed by dosing every 12 IL - 23 receptors . IL - 12 and IL - 23 are heterodimeric cytok weeks . Patients originally randomised to ustekinumab who 
ines secreted by activated antigen presenting cells , such as achieved Psoriasis Area and Severity Index 75 response 
macrophages and dendritic cells , and both cytokines partici- ( PASI improvement of at least 75 % relative to baseline ) at 
pate in immune functions ; IL - 12 stimulates natural killer both Weeks 28 and 40 were re - randomised to receive 
( NK ) cells and drives the differentiation of CD4 + T cells ustekinumab every 12 weeks or to placebo ( i.e. , withdrawal 
toward the T helper 1 ( Th1 ) phenotype , IL - 23 induces the T of therapy ) . Patients who were re - randomised to placebo at 
helper 17 ( Th17 ) pathway . However , abnormal regulation of week 40 reinitiated ustekinumab at their original dosing 
IL 12 and IL 23 has been associated with immune mediated regimen when they experienced at least a 50 % loss of their 
diseases , such as psoriasis , psoriatic arthritis , Crohn's dis- PASI improvement obtained at week 40. All patients were 
ease and ulcerative colitis . followed for up to 76 weeks following first administration of 
By binding the shared p40 subunit of IL - 12 and IL - 23 , study treatment . 

ustekinumab may exert its clinical effects in psoriasis , Psoriasis Study 2 ( PHOENIX 2 ) evaluated 1,230 patients . 
psoriatic arthritis , Crohn's disease and ulcerative colitis 61 % of these patients were either non - responsive , intolerant , 
through interruption of the Thl and Th17 cytokine path- or had a contraindication to other systemic therapy . Patients 
ways , which are central to the pathology of these diseases . randomised to ustekinumab received 45 mg or 90 mg doses 

In patients with Crohn's disease and ulcerative colitis , at Weeks 0 and 4 followed by an additional dose at 16 weeks . 
treatment with ustekinumab resulted in a decrease in inflam- Patients randomised to receive placebo at Weeks 0 and 4 
matory markers including C - Reactive Protein ( CRP ) and crossed over to receive ustekinumab ( either 45 mg or 90 mg ) 
fecal calprotectin during the induction phase , which were at Weeks 12 and 16. All patients were followed for up to 52 
then maintained throughout the maintenance phase . weeks following first administration of study treatment . 
Immunisation Psoriasis Study 3 ( ACCEPT ) evaluated 903 patients with 

During the long term extension of Psoriasis Study 2 moderate to severe psoriasis who inadequately responded to , 
( PHOENIX 2 ) , adult patients treated with STELARA for at were intolerant to , or had a contraindication to other sys 
least 3.5 years mounted similar antibody responses to both temic therapy and compared the efficacy of ustekinumab to 
pneumococcal polysaccharide and tetanus vaccines as a etanercept and evaluated the safety of ustekinumab and 
non - systemically treated psoriasis control group . Similar etanercept . During the 12 - week active - controlled portion of 
proportions of adult patients developed protective levels of the study , patients were randomised to receive etanercept ( 50 
anti - pneumococcal and anti - tetanus antibodies and antibody mg twice a week ) , ustekinumab 45 mg at Weeks 0 and 4 , or 
titers were similar among STELARA - treated and control ustekinumab 90 mg at Weeks 0 and 4 . 
patients . Baseline disease characteristics were generally consistent 
Clinical Efficacy across all treatment groups in Psoriasis Studies 1 and 2 with 
Plaque Psoriasis ( Adults ) a median baseline PASI score from 17 to 18 , median 

The safety and efficacy of ustekinumab was assessed in baseline Body Surface Area ( BSA ) > 20 , and median Derma 
1,996 patients in two randomised , double - blind , placebo- tology Life Quality Index ( DLQI ) range from 10 to 12 . 
controlled studies in patients with moderate to severe plaque Approximately one third ( Psoriasis Study 1 ) and one 
psoriasis and who were candidates for phototherapy or quarter ( Psoriasis Study 2 ) of subjects had Psoriatic Arthritis 
systemic therapy . In addition , a randomised , blinded asses- ( PSA ) . Similar disease severity was also seen in Psoriasis 
sor , active - controlled study compared ustekinumab and Study 3 . 
etanercept in patients with moderate to severe plaque pso- The primary endpoint in these studies was the proportion 
riasis who had had an inadequate response to , intolerance to , of patients who achieved PASI 75 response from baseline at 
or contraindication to ciclosporin , MTX , or PUVA . week 12 ( see Label Tables 4 and 5 ) . 

25 

30 

35 

40 

45 

LABEL TABLE 4 

Summary of clinical response in Psoriasis Study 1 ( PHOENIX 1 ) and Psoriasis Study 2 ( PHOENIX 2 ) 

Week 12 
2 doses ( week 0 and week 4 ) 

Week 28 
3 doses ( week 0 , 

week 4 and week 16 ) 

PBO 45 mg 90 mg 45 mg 90 mg 

Psoriasis Study 1 

255 255 256 250 243 Number of patients 
randomised 
PASI 50 response N ( % ) 
PASI 75 response N ( % ) 
PASI 90 response N ( % ) 
PGA of cleared or 
minimal N ( % ) 

26 ( 10 % ) 
8 ( 3 % ) 
5 ( 2 % ) 
10 ( 4 % ) 

213 ( 84 % ) 
171 ( 67 % ) " 
106 ( 42 % ) " 
151 ( 59 % ) 

220 ( 86 % ) 
170 ( 66 % ) 
94 ( 37 % ) 
156 ( 61 % ) 

228 ( 91 % ) 
178 ( 71 % ) 
123 ( 49 % ) 
146 ( 58 % ) 

234 ( 96 % ) 
191 ( 79 % ) 
135 ( 56 % ) 
160 ( 66 % ) 
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LABEL TABLE 4 - continued 

Summary of clinical response in Psoriasis Study 1 ( PHOENIX 1 ) and Psoriasis Study 2 ( PHOENIX 2 ) 

Week 12 
2 doses ( week 0 and week 4 ) 

Week 28 
3 doses ( week 0 , 

week 4 and week 16 ) 

PBO 45 mg 90 mg 45 mg 90 mg 

Number of patients s100 kg 
PASI 75 response N ( % ) 
Number of patients > 100 kg 
PASI 75 response N ( % ) 
Psoriasis Study 2 

166 
6 ( 4 % ) 

89 
2 ( 2 % ) 

168 
124 ( 74 % ) 

87 
47 ( 54 % ) 

164 

107 ( 65 % ) 
92 

63 ( 68 % ) 

164 
130 ( 79 % ) 

86 
48 ( 56 % ) 

153 

124 ( 81 % ) 
90 

67 ( 74 % ) 

410 409 411 397 400 Number of patients 
randomised 
PASI 50 response N ( % ) 
PASI 75 response N ( % ) 
PASI 90 response N ( % ) 
PGA of cleared or 
minimal N ( % ) 
Number of patients s100 kg 
PASI 75 response N ( % ) 
Number of patients > 100 kg 
PASI 75 response N ( % ) 

41 ( 10 % ) 
15 ( 4 % ) 
3 ( 1 % ) 
18 ( 4 % ) 

342 ( 84 % ) 
273 ( 67 % ) 
173 ( 42 % ) 
277 ( 68 % ) 

367 ( 89 % ) 
311 ( 76 % ) 
209 ( 51 % ) 
300 ( 73 % ) 

369 ( 93 % ) 
276 ( 70 % ) 
178 ( 45 % ) 
241 ( 61 % ) 

380 ( 95 % ) 
314 ( 79 % ) 
217 ( 54 % ) 
279 ( 70 % ) 

290 
12 ( 4 % ) 

120 
3 ( 3 % ) 

297 
218 ( 73 % ) 

112 
55 ( 49 % ) 

289 
225 ( 78 % ) 

121 

86 ( 71 % ) 

287 
217 ( 76 % ) 

110 

59 ( 54 % ) 

280 
226 ( 81 % ) 

119 

88 ( 74 % ) 
ap < 0.001 for ustekinumab 45 mg or 90 mg in comparison with placebo ( PBO ) . 
bPGA = Physician Global Assessment 

LABEL TABLE 5 

Summary of clinical response at week 12 in Psoriasis Study 3 ( ACCEPT ) 

Psoriasis Study 3 

Etanercept 
24 doses 

( 50 mg twice 
Ustekinumab 

2 doses ( week 0 and week 4 ) 

a week ) 45 mg 90 mg 

347 209 347 

h 
286 ( 82 % ) 
197 ( 57 % ) 
80 ( 23 % ) 

170 ( 49 % ) 

181 ( 87 % ) 
141 ( 67 % ) 
76 ( 36 % ) 
136 ( 65 % ) 

320 ( 92 % ) " 
256 ( 74 % ) " 
155 ( 45 % ) 
245 ( 71 % ) 

Number of patients 
randomised 
PASI 50 response N ( % ) 
PASI 75 response N ( % ) 
PASI 90 response N ( % ) 
PGA of cleared or 
minimal N ( % ) 
Number of patients s100 
kg 
PASI 75 response N ( % ) 
Number of patients > 100 
kg 
PASI 75 response N ( % ) 

251 151 244 

154 ( 61 % ) 
96 

109 ( 72 % ) 
58 

189 ( 77 % ) 
103 

43 ( 45 % ) 32 ( 55 % ) 67 ( 65 % ) 
ap < 0.001 for ustekinumab 45 mg or 90 mg in comparison with etanercept . 
bp = 0.012 for ustekinumab 45 mg in comparison with etanercept . 

55 

In Psoriasis Study 1 maintenance of PASI 75 was signifi- of 250 % of PASI improvement 85 % regained PASI 75 
cantly superior with continuous treatment compared with response within 12 weeks after re - initiating therapy . 
treatment withdrawal ( p < 0.001 ) . Similar results were seen In Psoriasis Study 1 , at week 2 and week 12 , significantly 
with each dose of ustekinumab . At 1 year ( week 52 ) , 89 % of greater improvements from baseline were demonstrated in patients re - randomised to maintenance treatment were PASI the DLQI in each ustekinumab treatment group compared 75 responders compared with 63 % of patients re - randomised 
to placebo ( treatment withdrawal ) ( p < 0.001 ) . At 18 months with placebo . The improvement was sustained through week 
( week 76 ) , 84 % of patients re - randomised to maintenance 28. Similarly , significant improvements were seen in Pso 
treatment were PASÎ 75 responders compared with 19 % of 60 riasis Study 2 at week 4 and 12 , which were sustained 
patients re - randomised to placebo ( treatment withdrawal ) . through week 24. In Psoriasis Study 1 , improvements in nail 
At 3 years ( week 148 ) , 82 % of patients re - randomised to psoriasis ( Nail Psoriasis Severity Index ) , in the physical and 
maintenance treatment were PASI 75 responders . At 5 years mental component summary scores of the SF - 36 and in the 
( week 244 ) , 80 % of patients re - randomised to maintenance Itch Visual Analogue Scale ( VAS ) were also significant in 
treatment were PASI 75 responders . 65 each ustekinumab treatment group compared with placebo . 

In patients re - randomised to placebo , and who reinitiated In Psoriasis Study 2 , the Hospital Anxiety and Depression 
their original ustekinumab treatment regimen after loss Scale ( HADS ) and Work Limitations Questionnaire ( WLQ ) 
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were also significantly improved in each ustekinumab treat- tively . Patients were randomised to receive treatment with 
ment group compared with placebo . ustekinumab 45 mg , 90 mg , or placebo subcutaneously at 
Psoriatic Arthritis ( PSA ) ( Adults ) Weeks 0 and 4 followed by every 12 weeks ( q12w ) dosing . 

Ustekinumab has been shown to improve signs and symp Approximately 50 % of patients continued on stable doses of 
toms , physical function and health - related quality of life , 5 MTX ( = 25 mg / week ) . 
and reduce the rate of progression of peripheral joint damage In PsA Study 1 ( PSUMMIT I ) and PSA Study 2 ( PSUM 

MIT II ) , 80 % and 86 % of the patients , respectively , had been in adult patients with active PsA . previously treated with DMARDs . In Study 1 previous The safety and efficacy of ustekinumab was assessed in treatment with anti - tumour necrosis factor ( TNF ) a agent 927 patients in two randomised , double - blind , placebo controlled studies in patients with active PSA ( 25 swollen 10 was not allowed . In Study 2 , the majority of patients ( 58 % , n = 180 ) had been previously treated with one or more 
joints and 25 tender joints ) despite non - steroidal anti - in- anti - TNFa agent ( s ) , of whom over 70 % had discontinued 
flammatory ( NSAID ) or disease modifying antirheumatic their anti - TNFa treatment for lack of efficacy or intolerance 
( DMARD ) therapy . Patients in these studies had a diagnosis at any time . 
of PsA for at least 6 months . Patients with each subtype of 15 Signs and Symptoms 
PsA were enrolled , including polyarticular arthritis with no Treatment with ustekinumab resulted in significant 
evidence of rheumatoid nodules ( 39 % ) , spondylitis with improvements in the measures of disease activity compared 
peripheral arthritis ( 28 % ) , asymmetric peripheral arthritis to placebo at week 24. The primary endpoint was the 
( 21 % ) , distal interphalangeal involvement ( 12 % ) and arthri- percentage of patients who achieved American College of 
tis mutilans ( 0.5 % ) . Over 70 % and 40 % of the patients in Rheumatology ( ACR ) 20 response at week 24. The key 
both studies had enthesitis and dactylitis at baseline , respec- efficacy results are shown in Label Table 6 below . 

LABEL TABLE 6 

Number of patients who achieved clinical response in Psoriatic arthritis 
Study 1 ( PSUMMIT I ) and Study 2 ( PSUMMIT II ) at week 24 

Psoriatic arthritis Study 1 Psoriatic arthritis Study 2 

PBO 45 mg 90 mg PBO 45 mg 90 mg 

206 205 204 104 103 105 

47 ( 23 % ) 87 ( 42 % ) 101 ( 50 % ) 21 ( 20 % ) 45 ( 44 % ) 46 ( 44 % ) 

18 ( 9 % ) 51 ( 25 % ) " 57 ( 28 % ) " 7 ( 7 % ) 18 ( 17 % ) 24 ( 23 % ) 

5 ( 2 % ) 25 ( 12 % ) 29 ( 14 % ) 3 ( 3 % ) 7 ( 7 % ) 9 ( 9 % ) 
N ( % ) 

146 145 149 80 80 81 

16 ( 11 % ) 83 ( 57 % ) " 93 ( 62 % ) 4 ( 5 % ) 41 ( 51 % ) 45 ( 56 % ) " 

4 ( 3 % ) 60 ( 41 % ) " 65 ( 44 % ) 3 ( 4 % ) 24 ( 30 % ) " 36 ( 44 % ) 

8 ( 5 % ) 40 ( 28 % ) 62 ( 42 % ) 2 ( 3 % ) 24 ( 30 % ) 31 ( 38 % ) " 

Number of 
patients 
randomised 
ACR 20 
response , N ( % ) 
ACR 50 
response , N ( % ) 
ACR 70 
response , 
Number of patients 
with 23 % BSA 
PASI 75 
response , N ( % ) 
PASI 90 

response , N ( % ) 
Combined PASI 
75 and ACR 20 

response , N ( % ) 
Number of 
patients s100 kg 
ACR 20 

response , N ( % ) 
Number of patients 
with 23 % BSA 
PASI 75 

response , N ( % ) 
Number of 
patients > 100 kg 
ACR 20 

response , N ( % ) 
Number of patients 
with 23 % BSA 
PASI 75 

154 153 154 74 74 73 

39 ( 25 % ) 67 ( 44 % ) 78 ( 51 % ) 17 ( 23 % ) 32 ( 43 % ) 34 ( 47 % ) 

105 105 111 54 58 57 

14 ( 13 % ) 64 ( 61 % ) 73 ( 66 % ) 4 ( 7 % ) 31 ( 53 % ) 32 ( 56 % ) 

52 52 50 30 29 31 

8 ( 15 % ) 20 ( 38 % ) 23 ( 46 % ) 4 ( 13 % ) 13 ( 45 % ) 12 ( 39 % ) 

41 40 38 26 22 24 

2 ( 5 % ) 19 ( 48 % ) 20 ( 53 % ) 0 10 ( 45 % ) 13 ( 54 % ) 
response , N ( % ) 

ap < 0.001 
bp < 0.05 
ºp = NS 
dNumber of patients with 23 % BSA psoriasis skin involvement at baseline 
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ACR 20 , 50 and 70 responses continued to improve or ustekinumab groups when compared with placebo . Improve 
were maintained through week 52 ( PsA Study 1 and 2 ) and ment in HAQ - DI score from baseline was maintained 
week 100 ( PsA Study 1 ) . In PsA Study 1 , ACR 20 responses through Weeks 52 and 100 . 
at week 100 were achieved by 57 % and 64 % , for 45 mg and There was significant improvement in DLQI scores in the 
90 mg , respectively . In PsA Study 2 , ACR 20 responses at ustekinumab groups as compared with placebo at week 24 , 
week 52 were achieved by 47 % and 48 % , for 45 mg and 90 which was maintained through weeks 52 and 100. In PsA 
mg , respectively . Study 2 there was a significant improvement in Functional 

The proportion of patients achieving a modified PsA Assessment of Chronic Illness Therapy - Fatigue ( FACIT - F ) 
response criteria ( PSARC ) response was also significantly 10 scores in the ustekinumab groups when compared with 
greater in the ustekinumab groups compared to placebo at placebo at week 24. The proportion of patients achieving a 
week 24. PsARC responses were maintained through weeks clinically significant improvement in fatigue ( 4 points in 
52 and 100. A higher proportion of patients treated with FACIT - F ) was also significantly greater in the ustekinumab 
ustekinumab who had spondylitis with peripheral arthritis as 15 groups compared with placebo . Improvements in FACIT 
their primary presentation , demonstrated 50 and 70 percent scores were maintained through week 52 . 
improvement in Bath Ankylosing Spondylitis Disease Activ- Paediatric Population 
ity Index ( BASDAI ) scores compared with placebo at week The European Medicines Agency has deferred the obli 
24 . gation to submit the results of studies with ustekinumab in 

Responses observed in the ustekinumab treated groups one or more subsets of the paediatric population aged 6 to 11 
were similar in patients receiving and not receiving con- years in moderate to severe plaque psoriasis and juvenile 
comitant MTX , and were maintained through weeks 52 and idiopathic arthritis ( see section 4.2 for information on pae 
100. Patients previously treated with anti - TNFa agents who diatric use ) . 
received ustekinumab achieved a greater response at week 25 Paediatric Plaque Psoriasis 
24 than patients receiving placebo ( ACR 20 response at Ustekinumab has been shown to improve signs and symp 
week 24 for 45 mg and 90 mg was 37 % and 34 % , respec- toms , and health related quality of life in paediatric patients 
tively , compared with placebo 15 % ; p < 0.05 ) , and responses 12 years and older with plaque psoriasis . 
were maintained through week 52 . The efficacy of ustekinumab was studied in 110 paediatric 

For patients with enthesitis and / or dactylitis at baseline , in patients aged 12 to 17 years with moderate to severe plaque 
PSA Study 1 significant improvement in enthesitis and psoriasis in a multicenter , Phase 3 , randomised , double 
dactylitis score was observed in the ustekinumab groups blind , placebo controlled study ( CADMUS ) . Patients were 
compared with placebo at week 24. In PsA Study 2 signifi- randomised to receive either placebo ( n = 37 ) , or the recom 
cant improvement in enthesitis score and numerical 35 mended dose of ustekinumab ( see section 4.2 ; n = 36 ) or half 
improvement ( not statistically significant ) in dactylitis score of the recommended dose of ustekinumab ( n = 37 ) by sub 
was observed in the ustekinumab 90 mg group compared cutaneous injection at Weeks 0 and 4 followed by every 12 
with placebo at week 24. Improvements in enthesitis score week ( 212w ) dosing . At week 12 , placebo treated patients 
and dactylitis score were maintained through weeks 52 and crossed over to receive ustekinumab . 
100 . Patients with PASI212 , PGA23 and BSA involvement of 
Radiographic Response at least 10 % , who were candidates for systemic therapy or 

Structural damage in both hands and feet was expressed phototherapy , were eligible for the study . Approximately 
as change in total van der Heijde - Sharp score ( vdH - S score ) , 60 % of the patients had prior exposure to conventional 
modified for PsA by addition of hand distal interphalangeal 45 systemic therapy or phototherapy . Approximately 11 % of 
joints , compared to baseline . A pre - specified integrated the patients had prior exposure to biologics . 
analysis combining data from 927 subjects in both PsA The primary endpoint was the proportion of patients who 
Study 1 and 2 was performed . Ustekinumab demonstrated a achieve a PGA score of cleared ( 0 ) or minimal ( 1 ) at week 
statistically significant decrease in the rate of progression of 12. Secondary endpoints included PASI 75 , PASI 90 , change 
structural damage compared to placebo , as measured by from baseline in Children's Dermatology Life Quality Index 
change from baseline to week 24 in the total modified vdH - S ( CDLQI ) , change from baseline in the total scale score of 
score ( mean + SD score was 0.97 + 3.85 in the placebo group PedsQL ( Paediatric Quality of Life Inventory ) at week 12 . 
compared with 0.40 + 2.11 and 0.39 + 2.40 in the ustekinumab At week 12 , subjects treated with ustekinumab showed 
45 mg ( p < 0.05 ) and 90 mg ( p < 0.001 ) groups , respectively ) . 55 significantly greater improvement in their psoriasis and 
This effect was driven by PSA Study 1. The effect is health related quality of life compared with placebo ( Table 
considered demonstrated irrespective of concomitant MTX 7 ) . 
use , and was maintained through Weeks 52 ( integrated All patients were followed for efficacy for up to 52 weeks 
analysis ) and 100 ( PsA Study 1 ) . following first administration of study agent . The proportion 
Physical Function and Health - Related Quality of Life of patients with a PGA score of cleared ( 0 ) or minimal ( 1 ) 

Ustekinumab - treated patients showed significant and the proportion achieving PASI 75 showed separation 
improvement in physical function as assessed by the Dis- between the ustekinumab treated group and placebo at the 
ability Index of the Health Assessment Questionnaire first post - baseline visit at week 4 , reaching a maximum by 
( HAQ - DI ) at week 24. The proportion of patients achieving week 12 . 
a clinically meaningful 20.3 improvement in HAQ - DI score Improvements in PGA , PASI , CDLQI and PedsQL were 
from baseline was also significantly greater in the maintained through week 52 ( Label Table 7 ) . 

40 

50 

60 

65 
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LABEL TABLE 7 

Summary of primary and secondary endpoints at week 
12 and week 52 Paediatric psoriasis study ( CADMUS ) 

Week 12 Week 52 

Recommended 
dose of 

Ustekinumab 
N ( % ) 

Recommended 
dose of 

Ustekinumab 
N ( % ) 

Placebo 

N ( % ) 

Patients randomised 37 36 35 

PGA 

2 ( 5.4 % ) 25 ( 69.4 % ) " 20 ( 57.1 % ) PGA of cleared ( 0 ) 
or minimal ( 1 ) 
PGA of Cleared ( 0 ) 17 ( 47.2 % ) 13 ( 37.1 % ) 1 ( 2.7 % ) 

PASI 

PASI 75 responders 
PASI 90 responders 
PASI 100 responders 

4 ( 10.8 % ) 
2 ( 5.4 % ) 
1 ( 2.7 % ) 

CDLQI 

29 ( 80.6 % ) " 
22 ( 61.1 % ) 
14 ( 38.9 % ) 

28 ( 80.0 % ) 
23 ( 65.7 % ) 
13 ( 37.1 % ) 

CDLQI of 0 or 15 18 ( 50.0 % ) 20 ( 57.1 % ) 6 ( 16.2 % ) 
PedsQL 

3.35 ( 10.04 ) 8.03 ( 10.44 ) 7.26 ( 10.92 ) Change from baseline 
Mean ( SD ) 

ºp < 0.001 
DCDLQI : The CDLQI is a dermatology instrument to assess the effect of a skin problem on the health - related 
quality of life in the paediatric population . CDLQI of 0 or 1 indicates no effect on child's quality of life . 
( p = 0.002 
dPedsQL : The PedsQL Total Scale Score is a general health - related quality of life measure developed for use 
in children and adolescent populations . For the placebo group at week 12 , N = 36 
@p = 0.028 

40 

45 

50 

During the placebo controlled period through week 12 , antibiotics were permitted and 75 % of patients continued to 
the efficacy of both the recommended and half of the receive at least one of these medications . In both studies , 
recommended dose groups were generally comparable at the patients were randomised to receive a single intravenous 
primary endpoint ( 69.4 % and 67.6 % respectively ) although administration of either the recommended tiered dose of 
there was evidence of a dose response for higher level approximately 6 mg / kg ( see section 4.2 of the STELARA 
efficacy criteria ( e.g. PGA of cleared ( 0 ) , PASI 90 ) . Beyond 130 mg Concentrate for solution for infusion SmPC ) , a fixed 
week 12 , efficacy was generally higher and better sustained dose of 130 mg ustekinumab , or placebo at week 0 . 
in the recommended dose group compared with half of the Patients in UNITI - 1 had failed or were intolerant to prior 
recommended dosage group in which a modest loss of anti - TNFa therapy . Approximately 48 % of the patients had efficacy was more frequently observed toward the end of failed 1 prior anti - TNFa therapy and 52 % had failed 2 or 3 each 12 week dosing interval . The safety profiles of the prior anti - TNFa therapies . In this study , 29.1 % of the 
recommended dose and half of the recommended dose were patients had an inadequate initial response ( primary non comparable . responders ) , 69.4 % responded but lost response ( secondary Crohn's Disease non - responders ) , and 36.4 % were intolerant to anti - TNFa The safety and efficacy of ustekinumab was assessed in therapies . 
three randomized , double - blind , placebo - controlled , multi 
center studies in adult patients with moderately to severely Patients in UNITI - 2 had failed at least one conventional 
active Crohn's disease ( Crohn's Disease Activity Index 55 therapy , including corticosteroids or immunomodulators , 
[ CDAI ] score of 2220 and s450 ) . The clinical development and were either anti - TNF - a naïve ( 68.6 % ) or had previously 
program consisted of two 8 - week intravenous induction received but not failed anti - TNFa therapy ( 31.4 % ) . 
studies ( UNITI - 1 and UNITI - 2 ) followed by a 44 week In both UNITI - 1 and UNITI - 2 , a significantly greater 
subcutaneous randomized withdrawal maintenance study proportion of patients were in clinical response and remis 
( IM - UNITI ) representing 52 weeks of therapy . 60 sion in the ustekinumab treated group compared to placebo 
The induction studies included 1409 ( UNITI - 1 , n = 769 ; ( Label Table 8 ) . Clinical response and remission were 

UNITI - 2 n = 640 ) patients . The primary endpoint for both significant as early as week 3 in ustekinumab treated patients 
induction studies was the proportion of subjects in clinical and continued to improve through week 8. In these induction 
response ( defined as a reduction in CDAI score of 2100 studies , efficacy was higher and better sustained in the tiered 
points ) at week 6. Efficacy data were collected and analyzed 65 dose group compared to the 130 mg dose group , and tiered 
through week 8 for both studies . Concomitant doses of oral dosing is therefore the recommended intravenous induction 
corticosteroids , immunomodulators , aminosalicylates and dose . 
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LABEL TABLE 8 

Induction of Clinical Response and Remission in UNITI - 1 and UNITI 2 

UNITI - 1 * UNITI - 2 ** 

Recommended Recommended 
dose of dose of 

Placebo ustekinumab Placebo ustekinumab 
N = 247 N 249 N = 209 N = 209 

Clinical Remission , 18 ( 7.3 % ) 52 ( 20.9 % ) 41 ( 19.6 % ) 84 ( 40.2 % ) 
week 8 

53 ( 21.5 % ) 84 ( 33.7 % ) ' 60 ( 28.7 % ) 116 ( 55.5 % ) " Clinical Response 
( 100 point ) , week 6 
Clinical Response 
( 100 point ) , week 8 
70 Point Response , 

50 ( 20.2 % ) 94 ( 37.8 % ) " 67 ( 32.1 % ) 121 ( 57.9 % ) 

67 ( 27.1 % ) 101 ( 40.6 % ) 66 ( 31.6 % ) 106 ( 50.7 % ) 
week 3 

70 Point Response , 75 ( 30.4 % ) 109 ( 43.8 % ) 81 ( 38.8 % ) 135 ( 64.6 % ) 
week 6 

Clinical remission is defined as CDAI score < 150 ; Clinical response is defined as reduction in CDAI score 
by at least 100 points or being in clinical remission 
70 point response is defined as reduction in CDAI score by at least 70 points 
* Anti - TNFa failures 

** Conventional therapy failures 
ap < 0.001 

bp < 0.01 
35 

LABEL TABLE 9 - continued 

Maintenance of Clinical Response and Remission in IM - UNITI 
( week 44 ; 52 weeks from initiation of the induction dose ) 

90 mg 90 mg 

The maintenance study ( IM - UNITI ) , evaluated 388 
patients who achieved 100 point clinical response at week 8 
of induction with ustekinumab in studies UNITI - 1 and 
UNITI - 2 . Patients were randomized to receive a subcutane 
ous maintenance regimen of either 90 mg ustekinumab 40 
every 8 weeks , 90 mg ustekinumab every 12 weeks or 
placebo for 44 weeks ( for recommended maintenance poso 
logy , see section 4.2 ) . 

Significantly higher proportions of patients maintained 
clinical remission and response in the ustekinumab treated 45 
groups compared to the placebo group at week 44 ( see Label 
Table 9 ) . 

Placebo * 
N 131 * 

ustekinumab 
every 8 weeks 
N 128 * 

ustekinumab 
every 12 weeks 
N = 129 * 

49 % ( 25/51 ) 65 % ( 34/52 ) 57 % ( 30/53 ) who are Anti - TNFa 

naive 
who entered from 
study CRD3001 $ 

26 % ( 16/61 ) 41 % ( 23/56 ) 39 % ( 22/57 ) 

LABEL TABLE 9 
50 

Maintenance of Clinical Response and Remission in IM - UNITI 
( week 44 ; 52 weeks from initiation of the induction dose ) 

90 mg 90 mg 

Placebo * 
N 

ustekinumab 
every 8 weeks 
N 128 * 

ustekinumab 
every 12 weeks 55 
N = 129 * 

Clinical remission is defined as CDAI score < 150 ; Clinical response is defined as reduction 
in CDAI of at least 100 points or being in clinical remission 
* The placebo group consisted of patients who were in response to ustekinumab and were 
randomized to receive placebo at the start of maintenance therapy . 
* Patients who were in 100 point clinical response to ustekinumab at start of maintenance therapy 
* Patients who failed conventional therapy but not anti - TNFa therapy 
$ Patients who are anti - TNFa refractory / intolerant 
ºp < 0.01 
bp < 0.05 
nominally significant ( p < 0.05 ) 

131 * = 

36 % 
44 % 
30 % 

53 % 
59 % 
47 % a 

49 % 
58 % 
43 % 

Clinical Remission 
Clinical Response 
Corticosteroid - Free 
Clinical Remission 
Clinical Remission 
in patients : 

60 

46 % ( 36/79 ) 67 % ( 52/78 ) 56 % ( 44/78 ) in remission at the 
start of maintenance 
therapy 
who entered from 
study CRD30025 

In IM - UNITI , 29 of 129 patients did not maintain 
response to ustekinumab when treated every 12 weeks and 
were allowed to dose adjust to receive ustekinumab every 8 
weeks . Loss of response was defined as a CDAI score 2220 

65 points and a 2100 point increase from the CDAI score at 
baseline . In these patients , clinical remission was achieved 
in 41.4 % of patients 16 weeks after dose adjustment . 

44 % ( 31/70 ) 63 % ( 45/72 ) 57 % ( 41/72 ) 
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Patients who were not in clinical response to ustekinumab UNITI - 2 , and SF - 36 Physical Component Summary Score 
induction at week 8 of the UNITI - 1 and UNITI - 2 induction in UNITI - 2 , when compared to placebo . These improve 
studies ( 476 patients ) entered into the non - randomized por- ments were generally better maintained in ustekinumab 
tion of the maintenance study ( IM - UNITI ) and received a 90 treated patients in the IM - UNITI study through week 44 
mg subcutaneous injection of ustekinumab at that time . when compared to placebo . Improvement in health - related 
Eight weeks later , 50.5 % of the patients achieved clinical quality of life was generally maintained during the extension 
response and continued to receive maintenance dosing every through week 92 . 
8 weeks ; among these patients with continued maintenance Ulcerative Colitis dosing , a majority maintained response ( 68.1 % ) and 
achieved remission ( 50.2 % ) at week 44 , at proportions that The safety and efficacy of ustekinumab was assessed in 
were similar to the patients who initially responded to two randomized , double - blind , placebo - controlled , multi 
ustekinumab induction . center studies in adult patients with moderately to severely 
Of 131 patients who responded to ustekinumab induction , 15 active ulcerative colitis ( Mayo score 6 to 12 ; Endoscopy 

and were randomized to the placebo group at the start of the subscore 22 ) . The clinical development program consisted 
maintenance study , 51 subsequently lost response and of one intravenous induction study ( referred to as UNIFI - I ) 
received 90 mg ustekinumab subcutaneously every 8 weeks . with treatment of up to 16 weeks followed by a 44 week 
The majority of patients who lost response and resumed 20 subcutaneous randomized withdrawal maintenance study 
ustekinumab did so within 24 weeks of the induction infu ( referred to as UNIFI - M ) representing at least 52 weeks of 
sion . Of these 51 patients , 70.6 % achieved clinical response therapy . 
and 39.2 % percent achieved clinical remission 16 weeks 
after receiving the first subcutaneous dose of ustekinumab . Efficacy results presented for UNIFI - I and UNIFI - M were 

25 based on central review of endoscopies . In IM - UNITI , patients who completed the study through 
week 44 were eligible to continue treatment in a study UNIFI - I included 961 patients . The primary endpoint for 
extension . Among patients who entered the study extension , the induction study was the proportion of subjects in clinical 
clinical remission and response were generally maintained remission at week 8. Patients were randomised to receive a 
through week 92 for both patients who failed TNF - therapies single intravenous administration of either the recom 
and those who failed conventional therapies . mended tiered dose of approximately 6 mg / kg ( see Label 
No new safety concerns were identified in this study Table 1 , section 4.2 ) , a fixed dose of 130 mg ustekinumab , 

extension with up to 2 years of treatment in patients with or placebo at week 0 . 
Crohn's Disease . Concomitant doses of oral corticosteroids , immunomodu Endoscopy lators , and aminosalicylates were permitted and 90 % of Endoscopic appearance of the mucosa was evaluated in patients continued to receive at least one of these medica 252 patients with eligible baseline endoscopic disease activ tions . Enrolled patients had to have failed conventional ity in a substudy . The primary endpoint was change from 40 therapy ( corticosteroids or immunomodulators ) or at least baseline in Simplified Endoscopic Disease Severity Score one biologic ( a TNFa antagonist and / or vedolizumab ) . 49 % for Crohn's Disease ( SES - CD ) , a composite score across 5 of patients had failed conventional therapy , but not a bio ileo - colonic segments of presence / size of ulcers , proportion logic ( of which 94 % where biological - naïve ) . 51 % of of mucosal surface covered by ulcers , proportion of mucosal 45 patients had failed or were intolerant to a biologic . Approxi surface affected by any other lesions and presence / type of mately 50 % of the patients had failed at least 1 prior narrowing / strictures . At week 8 , after a single intravenous anti - TNFa therapy ( of which 48 % were primary non - re induction dose , the change in SES - CD score was greater in sponders ) and 17 % had failed at least 1 anti - TNFa therapy the ustekinumab group ( n = 155 , mean change = -2.8 ) than in and vedolizumab . the placebo group ( n = 97 , mean change = -0.7 , p = 0.012 ) . 
Fistula Response In UNIFI - I a significantly greater proportion of patients 

In a subgroup of patients with draining fistulas at baseline were in clinical remission in the ustekinumab treated group 
( 8.8 % ; n = 26 ) , 12/15 ( 80 % ) of ustekinumab - treated patients compared to placebo at week 8 ( Label Table 10 ) . As early as 
achieved a fistula response over 44 weeks ( defined as 250 % 55 Week 2 , the earliest scheduled study visit , and at each visit 
reduction from baseline of the induction study in the number thereafter , a higher proportion of ustekinumab patients had 
of draining fistulas ) compared to 5/11 ( 45.5 % ) exposed to no rectal bleeding or achieved normal stool frequency as 
placebo . compared with placebo patients . Significant differences in 
Health - Related Quality of Life partial Mayo score and symptomatic remission were 

Health - related quality of life was assessed by Inflamma observed between ustekinumab and placebo as early as 
Week 2 . tory Bowel Disease Questionnaire ( IBDQ ) and SF - 36 ques 

tionnaires . At week 8 , patients receiving ustekinumab Efficacy was higher in the tiered dose group ( 6 mg / kg ) 
showed statistically significantly greater and clinically compared to the 130 mg dose group in select endpoints , and 
meaningful improvements on IBDQ total score and SF - 36 tiered dosing is therefore the recommended intravenous 
Mental Component Summary Score in both UNITI - 1 and induction dose . 
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LABEL TABLE 10 LABEL TABLE 10 - continued 

Summary of Key Efficacy Outcomes in UNIFI - I ( Week 8 ) Sum of Key Efficacy Outcomes in UNIFI - I ( Week 8 ) 

5 Recommended 
dose of 

ustekinumab € 

Recommended 
dose of 

ustekinumab 
N = 322 

Placebo 
N = 319 Placebo 

N 319 N = 322 23 % 
8 % 

45 % 
21 % 

Symptomatic Remission 
Combined Symptomatic 

10 Remission and Mucosal 
Healing 

16 % 5 % 
9 % ( 15/158 ) 19 % ( 29/156 ) 

1 % ( 2/161 ) 13 % ( 21/166 ) 

0 % ( 0/47 ) 10 % ( 6 / 58 % ) 

Infusion dose of ustekinumab using the weight - based dosage regimen specified in Table 
1 . 
* Clinical remission is defined as Mayo score s2 points , with no individual subscore > 1 . 
$ Clinical response is defined as a decrease from baseline in the Mayo score by 230 % and 

15 23 points , with either a decrease from baseline in the rectal bleeding subscore 21 or a rectal 
bleeding subscore of 0 or 1 . 
" A TNFa antagonist and / or vedolizumab . 
Mucosal healing is defined as a Mayo endoscopic subscore of 0 or 1 . 
* Symptomatic remission is defined as a Mayo stool frequency subscore of 0 or 1 and a 
rectal bleeding subscore of 0 . 
+ Combined symptomatic remission and mucosal healing is defined as a stool frequency 

20 subscore of 0 or 1 , a rectal bleeding subscore of 0 , and an endoscopy subscore of 0 or 1 . 
ºp < 0.001 
Nominally significant ( p < 0.001 ) 
Nominally significant ( p < 0.05 ) 

31 % 62 % 

35 % ( 56/158 ) 

Clinical Remission * 
In patients who failed 
conventional therapy , 
but not a biologic 
In patients who failed 
biological therapy 
In patients who failed 
both a TNF and vedolizumab 
Clinical Responses 
In patients who failed 
conventional therapy , 
but not a biologic 
In patients who failed 
biological therapy 
In patients who failed 
both a TNF and vedolizumab 
Mucosal Healing 
In patients who failed 
conventional therapy , 
but not a biologic 
In patients who failed 
biological therapy 

67 % ( 104/156 ) 

27 % ( 44/161 ) 57 % ( 95/166 ) 

28 % ( 13/47 ) 52 % ( 30/58 ) 

27 % 14 % 

21 % ( 33/158 ) 33 % ( 52/156 ) 

UNIFI - M , evaluated 523 patients who achieved clinical 
25 response with single IV administration of ustekinumab in 

UNIFI - I . Patients were randomized to receive a subcutane 
ous maintenance regimen of either 90 mg ustekinumab 
every 8 weeks , 90 mg ustekinumab every 12 weeks or 
placebo for 44 weeks ( for recommended maintenance poso 
logy , see section 4.2 of the STELARA Solution for injection 
( vial ) and Solution for injection in pre filled syringe SmPC ) . 

Significantly greater proportions of patients were in clini 
cal remission in both ustekinumab treated groups compared 
to the placebo group at week 44 ( see Label Table 11 ) . 

30 

7 % ( 11/161 ) 21 % ( 35/166 ) 

LABEL TABLE 11 

Summary of Key Efficacy Measures in UNIFI - M ( week 44 ; 
52 weeks from initiation of the induction dose ) 

90 mg 90 mg 
ustekinumab 

every 
8 Weeks 
N = 176 

ustekinumab 
every 

12 Weeks 
N = 172 

Placebo * 
N = 175 

24 % 
31 % ( 27/87 ) 

44 % 
48 % ( 41/85 ) 

38 % 
49 % ( 50/102 ) 

17 % ( 15/88 ) 40 % ( 36/91 ) 23 % ( 16/70 ) 
¥ 

15 % ( 4/27 ) 33 % ( 7/21 ) 23 % ( 5/22 ) 

45 % 71 % 68 % 

51 % ( 44/87 ) 78 % ( 66/85 ) 77 % ( 78/102 ) 

Clinical Remission ** 
In patients who failed 
conventional therapy , 
but not a biologic 
In patients who failed 
biological therapy 
In patients who failed 
both a TNF and 
vedolizumab 
Maintenance of Clinical 
Response through 
week 448 
In patients who failed 
conventional therapy , 
but not a biologic 
In patients who failed 
biological therapy 
In patients who failed 
both a TNF and 
vedolizumab 
Mucosal Healing 
Maintenance of Clinical 
Remission through week 44 € 
Corticosteroid Free 
Clinical Remission 
Durable Remission 

39 % ( 34/88 ) 65 % ( 59/91 ) 56 % ( 39/70 ) 
¥ 

41 % ( 11/27 ) 67 % ( 14/21 ) 50 % ( 11/22 ) 

29 % 

38 % ( 17/45 ) 
51 % 

58 % ( 22/38 ) 
44 % 

65 % ( 26/40 ) 

23 % 42 % 38 % 

35 % 57 % 48 % d 
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LABEL TABLE 11 - continued 

Summary of Key Efficacy Measures in UNIFI - M ( week 44 ; 
52 weeks from initiation of the induction dose ) 

90 mg 90 mg 
ustekinumab 

every 
8 Weeks 
N = 176 

ustekinumab 
every 

12 Weeks 
N = 172 

Placebo * 
N = 175 

45 % 
28 % 

68 % 
48 % 

62 % 
41 % 

Symptomatic Remission 
Combined Symptomatic 
Remission and Mucosal 
Healing 

* Following response to IV ustekinumab . 
** Clinical remission is defined as Mayo score s2 points , with no individual subscore > 1 . 
$ Clinical response is defined as a decrease from baseline in the Mayo score by 230 % and 23 points , with 
either a decrease from baseline in the rectal bleeding subscore 21 or a rectal bleeding subscore of 0 or 1 . * A TNFa antagonist and / or vedolizumab . 
* Mucosal healing is defined as a Mayo endoscopic sub - score of 0 or 1 . 
Maintenance of clinical remission through Week 44 is defined as patients in clinical remission through Week 
44 among patients in clinical remission at maintenance baseline . 
Corticosteroid - free clinical remission is defined as patients in clinical remission and not receiving 

corticosteroids at Week 44 . 
Durable Remission is defined as partial Mayo remission at 80 % of all visits prior to Week 44 and in partial 
Mayo remission at last visit ( Week 44 ) . 
Symptomatic remission is defined as a Mayo stool frequency subscore of 0 or 1 and a rectal bleeding 
subscore of 0 . 
Combined symptomatic remission and mucosal healing is defined as a stool frequency subscore of 0 or 

1 , a rectal bleeding subscore of 0 , and an endoscopy subscore of 0 or 1 . 
p < 0.001 
bp < 0.05 
Nominally significant ( p < 0.001 ) 
dNominally significant ( p < 0.05 ) 
Not statistically significant 

+ 

30 The beneficial effect of ustekinumab on clinical response , UNIFI - I and Week 44 of UNIFI - M . At week 8 , after a single 
mucosal healing and clinical remission was observed in intravenous induction dose , significantly greater proportions 
induction and in maintenance both in patients who failed of patients in the recommended dose group achieved histo 
conventional therapy but not a biologic therapy , as well as logic healing ( 36 % ) compared with patients in the placebo 
in those who had failed at least one prior TNFa antagonist 35 group ( 22 % ) . At Week 44 maintenance of this effect was 
therapy including in patients with a primary non - response to observed with significantly more patients in histologic heal 
TNFa antagonist therapy . A beneficial effect was also ing in the every 12 week ( 54 % ) and every 8 week ( 59 % ) 
observed in induction in patients who failed at least one prior ustekinumab groups as compared to placebo ( 33 % ) . 
TNFa antagonist therapy and vedolizumab , however the A combined endpoint of histo - endoscopic mucosal heal 
number of patients in this subgroup was too small to draw 40 ing defined as subjects having both mucosal healing and 
definitive conclusions about the beneficial effect in this histologic healing was evaluated at week 8 of UNIFI - I and group during maintenance . week 44 of UNIFI - M . Patients receiving ustekinumab at the Week 16 Responders to Ustekinumab Induction recommended dose showed significant improvements on the Ustekinumab treated patients who were not in response at histo - endoscopic mucosal healing endpoint at week 8 in the week 8 of UNIFI - I received an administration of 90 mg SC 45 ustekinumab group ( 18 % ) as compared to the placebo group ustekinumab at week 8 ( 36 % of patients ) . Of those patients , ( 9 % ) . At week 44 , maintenance of this effect was observed 9 % of patients who were initially randomized to the recom 
mended induction dose achieved clinical remission and 58 % with significantly more patients in histo - endoscopic mucosal 
achieved clinical response at Week 16 . healing in the every 12 week ( 39 % ) and every 8 week ( 46 % ) 

Patients who were not in clinical response to ustekinumab 50 ustekinumab groups as compared to placebo ( 24 % ) . 
induction at week 8 of the UNFI - I study but were in Health - Related Quality of Life 
response at week 16 ( 157 patients ) entered into the non Health - related quality of life was assessed by Inflamma randomized portion of UNIFI - M and continued to receive tory Bowel Disease Questionnaire ( IBDQ ) , SF - 36 and maintenance dosing every 8 weeks ; among these patients , a EuroQoL - 5D ( EQ - 5D ) questionnaires . majority ( 62 % ) maintained response and 30 % achieved 55 
remission at week 44 . At week 8 of UNIFI - I , patients receiving ustekinumab 
Endoscopic Normalization showed significantly greater and clinically meaningful 

Endoscopic normalization was defined as a Mayo endo improvements on IBDQ total score , EQ - 5D and EQ - 5D 
scopic subscore of 0 and was observed as early as week 8 of VAS , and SF - 36 Mental Component Summary Score and 
UNIFI - I . At week 44 of UNIFI - M , it was achieved in 24 % 60 SF - 36 Physical Component Summary Score when compared 
and 29 % of patients treated with ustekinumab every 12 or 8 to placebo . These improvements were maintained in 
weeks , respectively , as compared to 18 % of patients in the ustekinumab - treated patients in UNIFI - M through week 44 . 
placebo group Patients receiving ustekinumab experienced significantly 
Histologic & Histo Endoscopic Mucosal Healing more improvements in work productivity as assessed by 

Histologic healing ( defined as neutrophil infiltration in 65 greater reductions in overall work impairment and in activity 
< 5 % of crypts , no crypt destruction , and no erosions , ulcer- impairment as assessed by the WPAI - GH questionnaire than 
ations , or granulation tissue ) was assessed at week 8 of patients receiving placebo . 
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Hospitalizations and Ulcerative Colitis ( UC ) Related Sur- Dose Linearity 
geries The systemic exposure of ustekinumab ( Cmat and AUC ) 

Through week 8 of UNIFI - I , the proportions of subjects increased in an approximately dose - proportional manner 
with UC disease related hospitalizations were significantly after a single intravenous administration at doses ranging 
lower for subjects in the ustekinumab recommended dose 5 from 0.09 mg / kg to 4.5 mg / kg or following a single subcu 
group ( 1.6 % , 5/322 ) compared with subjects in the placebo taneous administration at doses ranging from approximately group ( 4.4 % , 14/319 ) and no subjects underwent UC disease 24 mg to 240 mg in patients with psoriasis . related surgeries in subjects receiving ustekinumab at the Single Dose Versus Multiple Doses recommended induction dose compared to 0.6 % ( 2/319 ) Serum concentration - time profiles of ustekinumab were subjects in the placebo group . generally predictable after single or multiple subcutaneous Through week 44 of UNIFI - M , a significantly lower 
number of UC - related hospitalizations was observed in dose administrations . In patients with psoriasis , steady - state 
subjects in the combined ustekinumab group ( 2.0 % , 7/348 ) serum concentrations of ustekinumab were achieved by 
as compared with subjects in the placebo group ( 5.7 % , week 28 after initial subcutaneous doses at Weeks 0 and 4 
10/175 ) . A numerically lower number of subjects in the 15 followed by doses every 12 weeks . The median steady - state 
ustekinumab group ( 0.6 % , 2/348 ) underwent UC disease trough concentration ranged from 0.21 ug / mL to 0.26 ug / mL related surgeries compared with subjects in the placebo ( 45 mg ) and from 0.47 ug / mL to 0.49 ug / mL ( 90 mg ) . There group ( 1.7 % , 3/175 ) through week 44 . 
Immunogenicity was no apparent accumulation in serum ustekinumab con 

Antibodies ustekinumab may develop during 20 centration over time when given subcutaneously every 12 
weeks . ustekinumab treatment and most are neutralising . The for 

mation of anti - ustekinumab antibodies is associated with In patients with Crohn's disease and ulcerative colitis , 
both increased clearance and reduced efficacy of following an intravenous dose of ~ 6 mg / kg , starting at week 
ustekinumab , except in patients with Crohn's disease or 8 , subcutaneous maintenance dosing of 90 mg ustekinumab 
ulcerative colitis where no reduced efficacy was observed . 25 was administered every 8 or 12 weeks . Steady state 
There is no apparent correlation between the presence of ustekinumab concentration was achieved by the start of the anti - ustekinumab antibodies and the occurrence of injection second maintenance dose . In patients with Crohn's disease , site reactions . 
Paediatric Population median steady - state trough concentrations ranged from 1.97 
The European Medicines Agency has deferred the obli- 30 ug / mL to 2.24 ug / mL and from 0.61 ug / mL to 0.76 ug / mL 

gation to submit the results of studies with ustekinumab in for 90 mg ustekinumab every 8 weeks or every 12 weeks 
one or more subsets of the paediatric population in Crohn's respectively . In patients with ulcerative colitis , median 
Disease and ulcerative colitis ( see section 4.2 for informa- steady - state trough concentrations ranged from 2.69 ug / mL 
tion on paediatric use ) . to 3.09 ug / mL and from 0.92 ug / mL to 1.19 ug / mL for 90 mg 
5.2 Pharmacokinetic Properties 35 ustekinumab every 8 weeks or every 12 weeks . The steady Absorption state trough ustekinumab levels resulting from 90 mg 
The median time to reach the maximum serum concen ustekinumab every 8 weeks were associated with higher tration ( tmar ) was 8.5 days after a single 90 mg subcutaneous clinical remission rates as compared to the steady - state administration in healthy subjects . The median tmax values of trough levels following 90 mg every 12 weeks . ustekinumab following a single subcutaneous administration 40 

of either 45 mg or 90 mg in patients with psoriasis were Impact of Weight on Pharmacokinetics 
comparable to those observed in healthy subjects . In a population pharmacokinetic analysis using data from 
The absolute bioavailability of ustekinumab following a patients with psoriasis , body weight was found to be the 

single subcutaneous administration was estimated to be most significant covariate affecting the clearance of 
57.2 % in patients with psoriasis . 45 ustekinumab . The median CL / F in patients with weight > 100 
Distribution kg was approximately 55 % higher compared to patients with 

Median volume of distribution during the terminal phase weights100 kg . The median VF in patients with 
( Vz ) following a single intravenous administration to weight > 100 kg was approximately 37 % higher as compared patients with psoriasis ranged from 57 to 83 mL / kg . to patients with weights100 kg . The median trough serum Biotransformation concentrations of ustekinumab in patients with higher The exact metabolic pathway for ustekinumab is 
unknown . weight ( > 100 kg ) in the 90 mg group were comparable to 
Elimination those in patients with lower weight ( s100 kg ) in the 45 mg 

Median systemic clearance ( CL ) following a single intra- group . Similar results were obtained from a confirmatory 
venous administration to patients with psoriasis ranged from 55 population pharmacokinetic analysis using data from 
1.99 to 2.34 mL / day / kg . Median half - life ( t1 / 2 ) of patients with psoriatic arthritis . 
ustekinumab was approximately 3 weeks in patients with Dosing Frequency Adjustment 
psoriasis , psoriatic arthritis , Crohn's disease or ulcerative In patients with Crohn's disease and ulcerative colitis , 
colitis , ranging from 15 to 32 days across all psoriasis and based on observed data and population PK analyses , ran psoriatic arthritis studies . In a population pharmacokinetic 60 domized subjects who lost response to treatment had lower analysis , the apparent clearance ( CL / F ) and apparent volume serum ustekinumab concentrations over time compared with of distribution ( V / F ) were 0.465 1 / day and 15.71 , respec subjects who did not lose response . In Crohn's disease , dose tively , in patients with psoriasis . The CL / F of ustekinumab 
was not impacted by gender . Population pharmacokinetic adjustment from 90 mg every 12 weeks to 90 mg every 8 
analysis showed that there was a trend towards a higher 65 weeks was associated with an increase in trough serum 
clearance of ustekinumab in patients who tested positive for ustekinumab concentrations and an accompanying increase 
antibodies to ustekinumab . in efficacy . In ulcerative colitis , population PK model based 

50 
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simulations demonstrated that adjusting dosing from 90 mg 6. Pharmaceutical Particulars 
every 12 weeks to every 8 weeks would be expected to result 6.1 List of Excipients 
in a 3 - fold increase in steady - state trough ustekinumab L - histidine 
concentrations . Additionally on the basis of clinical trial data L - histidine monohydrochloride monohydrate 
in patients with ulcerative colitis , a positive exposure Polysorbate 80 
response relationship was established between trough con Sucrose 
centrations , and clinical remission and mucosal healing . Water for injections 
Special Populations 6.2 Incompatibilities 
No pharmacokinetic data are available in patients with In the absence of compatibility studies , this medicinal impaired renal or hepatic function . No specific studies have product must not be mixed with other medicinal products . been conducted in elderly patients . 6.3 Shelf life 
The pharmacokinetics of ustekinumab were generally STELARA 45 mg solution for injection comparable between Asian and non - Asian patients with 15 2 years psoriasis and ulcerative colitis . STELARA 90 mg solution for injection In patients with Crohn's disease and ulcerative colitis , 

variability in ustekinumab clearance was affected by body 
weight , serum albumin level , sex , and antibody to STELARA 45 mg solution for injection in pre - filled 
ustekinumab status while body weight was the main covari syringe 
ate affecting the volume of distribution . Additionally in 
Crohn's disease , clearance was affected by C - reactive pro- STELARA 90 mg solution for injection in pre - filled 
tein , TNF antagonist failure status and race ( Asian versus syringe 
non - Asian ) . The impact of these covariates was within 25 
+ 20 % of the typical or reference value of the respective PK 6.4 Special Precautions for Storage parameter , thus dose adjustment is not warranted for these 
covariates . Concomitant use of immunomodulators did not Store in a refrigerator ( 2 ° C. - 8 ° C. ) . Do not freeze . 
have a significant impact on ustekinumab disposition . Keep the vial or pre - filled syringe in the outer carton in 

30 order to protect from light . In the population pharmacokinetic analysis , there were no 
6.5 Nature and Contents of Container indications of an effect of tobacco or alcohol on the phar 

macokinetics of ustekinumab . STELARA 45 mg Solution for Injection 
Serum ustekinumab concentrations in paediatric psoriasis 0.5 mL solution in a type I glass 2 mL vial closed with a 

patients 12 to 17 years of age , treated with the recommended 35 coated butyl rubber stopper . 
weight - based dose were generally comparable to those in the STELARA 90 mg Solution for Injection 
adult psoriasis population treated with the adult dose , while 1 ml solution in a type I glass 2 mL vial closed with a 
serum ustekinumab concentrations in paediatric psoriasis coated butyl rubber stopper . 
patients treated with half of the recommended weight - based STELARA 45 mg Solution for Injection in Pre - Filled 
dose were generally lower than those in adults . Syringe 
Regulation of CYP450 Enzymes 0.5 mL solution in a type I glass 1 mL syringe with a fixed 

The effects of IL - 12 or IL - 23 on the regulation of CYP450 stainless steel needle and a needle cover containing dry 
enzymes were evaluated in an in vitro study using human natural rubber ( a derivative of latex ) . The syringe is fitted 
hepatocytes , which showed that IL - 12 and / or IL - 23 at levels 45 with a passive safety guard . 
of 10 ng / mL did not alter human CYP450 enzyme activities STELARA 90 mg Solution for Injection in Pre - Filled 
( CYP1A2 , 2B6 , 209 , 2C19 , 2D6 , or 3A4 ; see section 4.5 ) . Syringe 
5.3 Preclinical Safety Data 1 mL solution in a type I glass 1 mL syringe with a fixed 

stainless steel needle and a needle cover containing dry Non - clinical data reveal no special hazard ( e.g. organ 50 natural rubber ( a derivative of latex ) . The syringe is fitted 
toxicity ) for humans based on studies of repeated - dose with a passive safety guard . toxicity and developmental and reproductive toxicity , STELARA is available in a 1 vial pack or a pack of 1 including safety pharmacology evaluations . In developmen pre - filled syringe . tal and reproductive toxicity studies in cynomolgus mon keys , neither adverse effects on male fertility indices nor 55 6.6 Special Precautions for Disposal and Other Handling 
birth defects or developmental toxicity were observed . No The solution in the STELARA vial or pre - filled syringe 
adverse effects on female fertility indices were observed should not be shaken . The solution should be visually 
using an analogous antibody to IL - 12 / 23 in mice . inspected for particulate matter or discoloration prior to 

subcutaneous administration . The solution is clear to slightly Dose levels in animal studies were up to approximately 60 opalescent , colourless to light yellow and may contain a few 45 - fold higher than the highest equivalent dose intended to small translucent or white particles of protein . This appear be administered to psoriasis patients and resulted in peak ance is not unusual for proteinaceous solutions . The medici serum concentrations in monkeys that were more than nal product should not be used if the solution is discoloured 100 - fold higher than observed in humans . or cloudy , or if foreign particulate matter is present . Before 
Carcinogenicity studies not performed with 65 administration , STELARA should be allowed to reach room 

ustekinumab due to the lack of appropriate models for an temperature ( approximately half an hour ) . Detailed instruc 
antibody with no cross - reactivity to rodent IL - 12 / 23 p40 . tions for use are provided in the package leaflet . 

40 

were 
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STELARA does not contain preservatives ; therefore any STELARA 90 mg Solution for Injection 
unused medicinal product remaining in the vial and the EU / 1 / 08 / 494 / 002 
syringe should not be used . STELARA is supplied as a STELARA 45 mg Solution for Injection in Pre - Filled 
sterile , single - use vial or single - use pre - filled syringe . The Syringe 
syringe , needle and vial must never be re - used . Any unused 5 EU / 1 / 08 / 494 / 003 
medicinal product or waste material should be disposed of in STELARA 90 mg Solution for Injection in Pre - Filled 
accordance with local requirements . Syringe 
7. Marketing Authorisation Holder EU / 1 / 08 / 494 / 004 

Janssen - Cilag International NV 9. Date of First Authorisation / Renewal of the Authorisation 
Turnhoutseweg 30 Date of first authorisation : 16 Jan. 2009 
2340 Beerse Date of latest renewal : 19 Sep. 2013 
Belgium 10. Date of Revision of the Text 

8. Marketing Authorisation Number ( S ) Detailed information on this medicinal product is avail 
STELARA 45 mg Solution for Injection able on the website of the European Medicines Agency 

EU / 1 / 08 / 494 / 001 http://www.ema.europa.eu/ 
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SEQUENCE LISTING 

< 160 > NUMBER OF SEQ ID NOS : 11 

< 210 > SEQ ID NO 1 
< 211 > LENGTH : 5 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : anti - IL - 12 / IL - 23p40 antibody complementarity 

determining region heavy chain 1 

< 400 > SEQUENCE : 1 

Thr Tyr Trp Leu Gly 
1 5 

< 210 > SEQ ID NO 2 
< 211 > LENGTH : 17 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : anti - IL - 12 / IL - 23p40 antibody complementarity 

determining region heavy chain 2 

< 400 > SEQUENCE : 2 

Ile Met Ser Pro Val Asp Ser Asp Ile Arg Tyr Ser Pro Ser Phe Gin 
1 5 10 15 

Gly 

< 210 > SEQ ID NO 3 
< 211 > LENGTH : 10 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : anti - IL - 12 / IL - 23p40 antibody complementarity 

determining region heavy chain 3 

< 400 > SEQUENCE : 3 

Arg Arg Pro Gly Gin Gly Tyr Phe Asp Phe 
1 5 10 

< 210 > SEQ ID NO 4 
< 211 > LENGTH : 11 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : anti - IL - 12 / IL - 23p40 antibody complementarity 

determining region light chain 1 

< 400 > SEQUENCE : 4 

Arg Ala Ser Gin Gly Ile Ser Ser Trp Leu Ala 
1 5 10 
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- continued 

< 210 > SEQ ID NO 5 
< 211 > LENGTH : 7 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : anti - IL - 12 / IL - 23p40 antibody complementarity 

determining region light chain 2 

< 400 > SEQUENCE : 5 

Ala Ala Ser Ser Leu Gln Ser 
1 5 

< 210 > SEQ ID NO 6 
< 211 > LENGTH : 9 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : anti - IL - 12 / IL - 23p40 antibody complementarity 

determining region light chain 3 

< 400 > SEQUENCE : 6 

Gin Gin Tyr Asn Ile Tyr Pro Tyr Thr 
1 5 

< 210 > SEQ ID NO 7 
< 211 > LENGTH : 119 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : anti - IL - 12 / IL - 23p40 antibody variable heavy 

chain region 

< 400 > SEQUENCE : 7 

Glu Val Gln Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly Glu 
1 5 10 15 

Ser Leu Lys Ile Ser Cys Lys Gly Ser Gly Tyr Ser Phe Thr Thr Tyr 
20 25 30 

Trp Leu Gly Trp Val Arg Gin Met Pro Gly Lys Gly Leu Asp Trp Ile 
35 40 45 

Gly Ile Met Ser Pro Val Asp Ser Asp Ile Arg Tyr Ser Pro Ser Phe 
50 55 60 

Gin Gly Gin Val Thr Met Ser Val Asp Lys Ser Ile Thr Thr Ala Tyr 
65 70 75 80 

Leu Gin Trp Asn Ser Leu Lys Ala Ser Asp Thr Ala Met Tyr Tyr Cys 
85 90 95 

Ala Arg Arg Arg Pro Gly Gin Gly Tyr Phe Asp Phe Trp Gly Gin Gly 
100 105 110 

Thr Leu Val Thr Val Ser Ser 
115 

< 210 > SEQ ID NO 8 
< 211 > LENGTH : 108 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : anti - IL - 12 / IL - 23p40 antibody variable light 

chain region 

< 400 > SEQUENCE : 8 

Asp Ile Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 
1 5 10 15 

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gin Gly Ile Ser Ser Trp 
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- continued 

20 25 30 

Leu Ala Trp Tyr Gin Gin Lys Pro Glu Lys Ala Pro Lys Ser Leu Ile 
35 40 45 

Tyr Ala Ala Ser Ser Leu Gin Ser Gly Val Pro Ser Arg Phe Ser Gly 
50 55 60 

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gin Pro 
65 70 75 80 

Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin Tyr Asn Ile Tyr Pro Tyr 
85 90 95 

Thr Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys Arg 
100 105 

< 210 > SEQ ID NO 9 
< 211 > LENGTH : 503 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Human IL - 12 with alpha and beta subunits 

< 400 > SEQUENCE : 9 

Arg Asn Leu Pro Val Ala Thr Pro Asp Pro Gly Met Phe Pro Cys Leu 
1 5 10 15 

His His Ser Gln Asn Leu Leu Arg Ala Val Ser Asn Met Leu Gin Lys 
20 25 30 

Ala Arg Gln Thr Leu Glu Phe Tyr Pro Cys Thr Ser Glu Glu Ile Asp 
35 40 45 

His Glu Asp Ile Thr Lys Asp Lys Thr Ser Thr Val Glu Ala Cys Leu 
50 55 60 

Pro Leu Glu Leu Thr Lys Asn Glu Ser Cys Leu Asn Ser Arg Glu Thr 
65 70 75 80 

Ser Phe Ile Thr Asn Gly Ser Cys Leu Ala Ser Arg Lys Thr Ser Phe 
85 90 95 

Met Met Ala Leu Cys Leu Ser Ser Ile Tyr Glu Asp Leu Lys Met Tyr 
100 105 110 

Gin Val Glu Phe Lys Thr Met Asn Ala Lys Leu Leu Met Asp Pro Lys 
115 120 125 

Arg Gln Ile Phe Leu Asp Gin Asn Met Leu Ala Val Ile Asp Glu Leu 
130 135 140 

Met Gin Ala Leu Asn Phe Asn Ser Glu Thr Val Pro Gln Lys Ser Ser 
145 150 155 160 

Leu Glu Glu Pro Asp Phe Tyr Lys Thr Lys Ile Lys Leu Cys Ile Leu 
165 170 175 

Leu His Ala Phe Arg Ile Arg Ala Val Thr Ile Asp Arg Val Met Ser 
180 185 190 

Tyr Leu Asn Ala Ser Ile Trp Glu Leu Lys Lys Asp Val Tyr Val Val 
195 200 205 

Glu Leu Asp Trp Tyr Pro Asp Ala Pro Gly Glu Met Val Val Leu Thr 
210 215 220 

Cys Asp Thr Pro Glu Glu Asp Gly Ile Thr Trp Thr Leu Asp Gin Ser 
225 230 235 240 

Ser Glu Val Leu Gly Ser Gly Lys Thr Leu Thr Ile Gin Val Lys Glu 
245 250 255 

Phe Gly Asp Ala Gly Gin Tyr Thr Cys His Lys Gly Gly Glu Val Leu 
260 265 270 

Ser His Ser Leu Leu Leu Leu His Lys Lys Glu Asp Gly Ile Trp Ser 
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- continued 

275 280 285 

Thr Asp Ile Leu Lys Asp Gin Lys Glu Pro Lys Asn Lys Thr Phe Leu 
290 295 300 

Arg Cys Glu Ala Lys Asn Tyr Ser Gly Arg Phe Thr Cys Trp Trp Leu 
305 310 315 320 

Thr Thr Ile Ser Thr Asp Leu Thr Phe Ser Val Lys Ser Ser Arg Gly 
325 330 335 

Ser Ser Asp Pro Gin Gly Val Thr Cys Gly Ala Ala Thr Leu Ser Ala 
340 345 350 

Glu Arg Val Arg Gly Asp Asn Lys Glu Tyr Glu Tyr Ser Val Glu Cys 
355 360 365 

Gin Glu Asp Ser Ala Cys Pro Ala Ala Glu Glu Ser Leu Pro Ile Glu 
370 375 380 

Val Met Val Asp Ala Val His Lys Leu Lys Tyr Glu Asn Tyr Thr Ser 
385 390 395 400 

Ser Phe Phe Ile Arg Asp Ile Ile Lys Pro Asp Pro Pro Lys Asn Leu 
405 410 415 

Gln Leu Lys Pro Leu Lys Asn Ser Arg Gin Val Glu Val Ser Trp Glu 
420 425 430 

Tyr Pro Asp Thr Trp Ser Thr Pro His Ser Tyr Phe Ser Leu Thr Phe 
435 440 445 

Cys Val Gin Val Gin Gly Lys Ser Lys Arg Glu Lys Lys Asp Arg Val 
450 455 460 

Phe Thr Asp Lys Thr Ser Ala Thr Val Ile Cys Arg Lys Asn Ala Ser 
465 470 475 480 

Ile Ser Val Arg Ala Gin Asp Arg Tyr Tyr Ser Ser Ser Trp Ser Glu 
485 490 495 

Trp Ala Ser Val Pro Cys Ser 
500 

< 210 > SEQ ID NO 10 
< 211 > LENGTH : 449 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : anti - IL - 12 / IL - 23p40 antibody heavy hain 

< 400 > SEQUENCE : 10 

Glu Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly Glu 
1 5 10 15 

Ser Leu Lys Ile Ser Cys Lys Gly Ser Gly Tyr Ser Phe Thr Thr Tyr 
20 25 30 

Trp Leu Gly Trp Val Arg Gin Met Pro Gly Lys Gly Leu Asp Trp Ile 
35 40 45 

Gly Ile Met Ser Pro Val Asp Ser Asp Ile Arg Tyr Ser Pro Ser Phe 
60 50 55 

Gin Gly Gin Val Thr Met Ser Val Asp Lys Ser Ile Thr Thr Ala Tyr 
65 70 75 80 

Leu Gin Trp Asn Ser Leu Lys Ala Ser Asp Thr Ala Met Tyr Tyr Cys 
85 90 95 

Ala Arg Arg Arg Pro Gly Gin Gly Tyr Phe Asp Phe Trp Gly Gin Gly 
100 105 110 

Thr Leu Val Thr Val Ser Ser Ser Ser Thr Lys Gly Pro Ser Val Phe 
115 120 125 

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu 
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- continued 

130 135 140 

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 
145 150 155 160 

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu 
165 170 175 

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 
180 185 190 

Ser Ser Leu Gly Thr Gin Thr Tyr Ile Cys Asn Val Asn His Lys Pro 
195 200 205 

Ser Asn Thr Lys Val Asp Lys Arg Val Glu Pro Lys Ser Cys Asp Lys 
210 215 220 

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro 
225 230 235 240 

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser 
245 250 255 

Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp 
260 265 270 

Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn 
275 280 285 

Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val 
290 295 300 

Val Ser Val Leu Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu 
305 310 315 320 

Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys 
325 330 335 

Thr Ile Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr 
340 345 350 

Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin Val Ser Leu Thr 
355 360 365 

Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu 
370 375 380 

Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu 
385 390 395 400 

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys 
405 410 415 

Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu 
420 425 430 

Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly 
435 440 445 

Lys 

< 210 > SEQ ID NO 11 
< 211 > LENGTH : 214 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : anti - IL - 12 / IL - 23p40 antibody light chain 

< 400 > SEQUENCE : 11 

Asp Ile Gin Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 
1 5 10 15 

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gin Gly Ile Ser Ser Trp 
20 25 30 

Leu Ala Trp Tyr Gln Gln Lys Pro Glu Lys Ala Pro Lys Ser Leu Ile 
35 40 45 
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Tyr Ala Ala Ser Ser Leu Gin Ser Gly Val Pro Ser Arg Phe Ser Gly 
50 55 60 

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro 
75 80 65 70 

Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin Tyr Asn Ile Tyr Pro Tyr 
85 90 95 

Thr Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys Arg Thr Val Ala Ala 
100 105 110 

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly 
115 120 125 

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala 
130 135 140 

Lys Val Gin Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn Ser Gin 
145 150 155 160 

Glu Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser 
165 170 175 

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr 
180 185 190 

Ala Cys Glu Val Thr His Gin Gly Leu Ser Ser Pro Val Thr Lys Ser 
195 200 205 

Phe Asn Arg Gly Glu Cys 
210 

What is claimed : of SEQ ID NO : 7 and the light chain variable region of the 
1. A method of treating moderately to severely active amino acid sequence of SEQ ID NO : 8 . 

ulcerative colitis ( UC ) in a subject in need thereof , com- 3. The method of claim 1 , wherein the antibody comprises 
prising administering to the subject a pharmaceutical com- 35 a heavy chain of the amino acid sequence of SEQ ID NO : 10 
position comprising a clinically proven safe and clinically and a light chain of the amino acid sequence of SEQ ID 
proven effective amount of an anti - IL - 12 / IL - 23p40 anti- NO : 11 . 
body , wherein the antibody comprises a heavy chain variable 4. The method of any one of claims 1-3 , wherein the 
region and a light chain variable region , the heavy chain antibody is in a pharmaceutical composition for intravenous 
variable region comprising : a complementarity determining 40 administration comprising a solution comprising 10 mm 
region heavy chain 1 ( CDRH1 ) amino acid sequence of SEQ L - histidine , 8.5 % ( w / v ) sucrose , 0.04 % ( w / v ) polysorbate 
ID NO : 1 ; a CDRH2 amino acid sequence of SEQ ID NO : 2 ; 80 , 0.4 mg / mL L - methionine , and 20 ug / mL EDTA diso 
and a CDRH3 amino acid sequence of SEQ ID NO : 3 ; and dium salt , dehydrate , at pH 6.0 . 
the light chain variable region comprising : a complemen 5. The method of any one of claims 1-3 , wherein the 
tarity determining region light chain 1 ( CDRL1 ) amino acid 45 antibody is in a pharmaceutical composition for subcutane ous administration comprising a solution comprising 6.7 sequence of SEQ ID NO : 4 ; a CDRL2 amino acid sequence mM L - histidine , 7.6 % ( w / v ) sucrose , 0.004 % ( w / v ) poly of SEQ ID NO : 5 ; and a CDRL3 amino acid sequence of sorbate 80 , at pH 6.0 . SEQ ID NO : 6 , wherein after treating with the antibody , the 6. The method of claim 4 , wherein the antibody is 
subject is a responder to treatment by at least one measure 50 administered intravenously to the subject at week 0 of the 
of response to treatment selected from the group consisting treatment , at a dosage of about 6.0 mg / kg body weight of the of : ( i ) clinical remission based on at least one of the global subject or 130 mg per administration . 
definition of clinical remission with Mayo score s2 points 7. The method of claim 6 , wherein the antibody is further 
with no individual subscore > 1 and the US definition of administered subcutaneously to the subject at week 8 of the 
clinical remission with absolute stool number s3 , rectal 55 treatment , at a dosage of about 90 mg per administration . 
bleeding subscore of 0 and Mayo endoscopy subscore of 0 8. The method of claim 7 , wherein the subject had 
or 1 , ( ii ) endoscopic healing with a Mayo endoscopy sub- previously failed or was intolerant of at least one therapy 
score of 0 or 1 , ( iii ) clinical response based on the Mayo selected from the group consisting of an anti - TNF , vedoli 
endoscopy subscore , ( iv ) improvements from baseline in zumab , corticosteroids , azathioprine ( AZA ) , and 6 mercap 
Inflammatory Bowel Disease Questionnaire ( IBDQ ) score , 60 topurine ( 6 MP ) , or the subject had demonstrated corticos 
( v ) mucosal healing , ( vi ) decrease from baseline in Mayo teroid dependence . 
score , and ( vii ) clinical response as determined by a decrease 9. The method of claim 7 , wherein the antibody is 
from baseline in the Mayo score by 230 % and 23 points and administered in a maintenance dose every 8 weeks after the 
a decrease from baseline in the rectal bleeding subscore 21 treatment at week 8 or every 12 weeks after the treatment at 
points or a rectal bleeding subscore of 0 or 1 . 65 week 8 . 

2. The method of claim 1 , wherein the antibody comprises 10. The method of claim 9 , wherein the subject is iden 
the heavy chain variable region of the amino acid sequence tified as having a clinical remission based on at least one of 
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the global definition and the US definition by week 16 of the scopic healing with a Mayo endoscopy subscore of 0 
treatment and the clinical remission continues at least 44 or 1 , ( iii ) achieving a clinical response based on the 
weeks after week 0 . Mayo endoscopy subscore , ( iv ) having improve 

11. The method of claim 9 , wherein the subject is in ments from baseline in Inflammatory Bowel Disease 
corticosteroid - free clinical remission at least 44 weeks after 5 Questionnaire ( IBDQ ) score , ( v ) having a mucosal 
week 0 . healing , ( vi ) having a decrease from baseline in 

12. The method of claim 8 , wherein the subject is iden Mayo score , and ( vii ) in clinical response as deter tified as having an endoscopic healing continuing at least 44 mined by a decrease from baseline in the Mayo score weeks after week 0 . by 230 % and 23 points and a decrease from baseline 13. The method of claim 9 , wherein the subject is iden- 10 in the rectal bleeding subscore 21 points or a rectal tified as achieving a clinical response based on the Mayo bleeding subscore of 0 or 1 , and had previously endoscopy subscore continuing at least 44 weeks after week failed or was intolerant of at least one therapy 0 . 
14. The method of claim 9 , wherein the subject is iden selected from the group consisting of : an anti - TNF , 

tified as having improvements from baseline in Inflamma- 15 vedolizumab , corticosteroids , azathioprine ( AZA ) , 
tory Bowel Disease Questionnaire ( IBDQ ) score continuing and 6 mercaptopurine ( 6 MP ) , or the subject had 
at least 44 weeks after week 0 . demonstrated corticosteroid dependence . 

15. The method of claim 9 , wherein the subject is iden 20. The method of claim 19 , wherein the antibody com 
tified as having a mucosal healing continuing at least 44 prises the heavy chain variable region of the amino acid 
weeks after week 0 . 20 sequence of SEQ ID NO : 7 and the light chain variable 

16. The method of claim 9 , wherein the subject identified region of the amino acid sequence of SEQ ID NO : 8 . 
as having a decrease from baseline in Mayo score continuing 21. The method of claim 19 , wherein the antibody com 
at least 44 weeks after week 0 . prises a heavy chain of the amino acid sequence of SEQ ID 

17. The method of claim 9 , wherein the subject is iden- NO : 10 and a light chain of the amino acid sequence of SEQ 
tified as having a normalization of one or more biomarkers 25 ID NO : 11 . 
selected from the group consisting of C - reactive protein , 22. The method of any one of claims 19-21 , wherein the 
fecal lactoferrin and fecal calprotectin continuing at least 44 pharmaceutical composition for intravenous administration 
weeks after week 0 . further comprises a solution comprising 10 mM L - histidine , 18. The method of claim 9 , wherein the subject is in 8.5 % ( w / v ) sucrose , 0.04 % ( w / v ) polysorbate 80,0.4 mg / mL clinical response as determined by a decrease from baseline 30 L - methionine , and 20 ug / mL EDTA disodium salt , dehy in the Mayo score by 30 % and 23 points and a decrease 
from baseline in the rectal bleeding subscore 21 points or a drate , at pH 6.0 . 

23. The method of claim 22 , wherein the pharmaceutical rectal bleeding subscore of 0 or 1 continuing at least 44 composition for subcutaneous administration further com weeks after week 0 . 
19. A method of treating moderately to severely active 35 prises a solution comprising 6.7 mM L - histidine , 7.6 % ( w / v ) 

ulcerative colitis ( UC ) in a subject in need thereof , com sucrose , 0.004 % ( w / v ) polysorbate 80 , at pH 6.0 . 
prising : 24. The method of any one of claims 19-21 , wherein the 

a . intravenously administering to the subject an anti - IL subject is identified as having a clinical remission based on 
12 / IL - 23p40 antibody in a first pharmaceutical com at least one of the global definition and the US definition by 
position at a dosage of about 6.0 mg / kg body weight of 40 Week 16 of the treatment . 
the subject or 130 mg per administration at week 0 of 25. The method of any one of claims 19-21 , wherein the 
the treatment , and subject is identified as having an endoscopic healing by 

b . subcutaneously administering to the subject the anti- week 16 of the treatment . 
IL - 12 / IL - 23p40 antibody in a second pharmaceutical 26. The method of any one of claims 19-21 , wherein the 
composition at a dosage of 90 mg per administration at 45 subject is identified as achieving a clinical response based on 
week 8 of the treatment , the Mayo endoscopy subscore by week 16 of the treatment . 
wherein the antibody comprises a heavy chain variable 27. The method of any one of claims 19-21 , wherein the 

region and a light chain variable region , the heavy subject is identified as having improvements from baseline 
chain variable region comprising : a complementarity in Inflammatory Bowel Disease Questionnaire ( IBDQ ) score 
determining region heavy chain 1 ( CDRH1 ) amino 50 by week 16 of the treatment . 
acid sequence of SEQ ID NO : 1 ; a CDRH2 amino 28. The method of any one of claims 19-21 , wherein the 
acid sequence of SEQ ID NO : 2 ; and a CDRH3 subject is identified as having a mucosal healing by week 16 
amino acid sequence of SEQ ID NO : 3 ; and the light of the treatment . 
chain variable region comprising : a complementarity 29. The method of any one of claims 19-21 , wherein the 
determining region light chain 1 ( CDRL1 ) amino 55 subject is identified as having a decrease from baseline in 
acid sequence of SEQ ID NO : 4 ; a CDRL2 amino Mayo score by week 16 of the treatment . 
acid sequence of SEQ ID NO : 5 ; and a CDRL3 amino 30. The method of any one of claims 19-21 , wherein the 
acid sequence of SEQ ID NO : 6 ; and subject is identified as having a normalization of one or more 

wherein the subject is a responder to treatment by at biomarkers selected from the group consisting of C - reactive 
least one measure of response to treatment selected 60 protein , fecal lactoferrin and fecal calprotectin by week 16 
from the group consisting of : ( i ) having a clinical of the treatment . 
remission based on at least one of the global defi- 31. The method of any one of claims 19-21 , wherein the 
nition of clinical remission with Mayo score 52 subject is in clinical response as determined by a decrease 
points with no individual subscore > 1 and the US from baseline in the Mayo score by 230 % and 23 points and 
definition of clinical remission with absolute stool 65 a decrease from baseline in the rectal bleeding subscore 21 
number s3 , rectal bleeding subscore of 0 and Mayo points or a rectal bleeding subscore of 0 or 1 by week 16 of 
endoscopy subscore of 0 or 1 , ( ii ) having an endo- the treatment . 
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32. The method of any one of claims 19-21 , wherein the Questionnaire ( IBDQ ) score , ( v ) having a mucosal 
subject is not a responder to the treatment with the antibody healing , ( vi ) having a decrease from baseline in 
by week 8 and is a responder to the treatment by week 16 of Mayo score , and ( vii ) in clinical response as deter 
the treatment . mined by a decrease from baseline in the Mayo score 

33. A method of treating moderately to severely active 5 by 230 % and 23 points and a decrease from baseline 
ulcerative colitis ( UC ) in a subject in need thereof , com in the rectal bleeding subscore 21 points or a rectal prising : bleeding subscore of 0 or 1 . a . intravenously administering to the subject an anti - IL 34. A method of treating moderately to severely active 12 / IL - 23p40 antibody in a first pharmaceutical com ulcerative colitis ( UC ) in a subject in need thereof , com position at a dosage of about 6.0 mg / kg body weight of 10 prising : the subject or 130 mg per administration at week 0 of a . intravenously administering to the subject an anti - IL the treatment , and 

b . subcutaneously administering to the subject the anti 12 / IL - 23p40 antibody comprising a heavy chain vari 
IL - 12 / IL - 23p40 antibody in a second pharmaceutical able region of the amino acid sequence of SEQ ID 
composition at a dosage of 90 mg per administration at 15 NO : 7 and a light chain variable region of the amino 
week 8 of the treatment , acid sequence of SEQ ID NO : 8 , in a first pharmaceu 
wherein the antibody comprises a heavy chain variable tical composition at a dosage of about 6.0 mg / kg body 

region and a light chain variable region , the heavy weight of the subject or 130 mg per administration at 
chain variable region comprising : a complementarity week 0 of the treatment , and 
determining region heavy chain 1 ( CDRH1 ) amino 20 b . subcutaneously administering to the subject the anti 
acid sequence of SEQ ID NO : 1 ; a CDRH2 amino IL - 12 / IL - 23p40 antibody in a second pharmaceutical 
acid sequence of SEQ ID NO : 2 ; and a CDRH3 composition at a dosage of 90 mg per administration at 
amino acid sequence of SEQ ID NO : 3 ; and the light week 8 of the treatment , followed by a maintenance 
chain variable region comprising : a complementarity therapy , wherein the maintenance therapy comprises 
determining region light chain 1 ( CDRL1 ) amino 25 subcutaneously administering to the subject the anti 

IL - 12 / IL - 23p40 antibody at a dosage of 90 mg per acid sequence of SEQ ID NO : 4 ; a CDRL2 amino administration , once every 8 weeks or once every 12 acid sequence of SEQ ID NO : 5 ; and a CDRL3 amino 
acid sequence of SEQ ID NO : 6 , followed by a weeks , and after treating with the antibody , the subject 
maintenance therapy , is a responder to treatment by at least one measure of 

wherein the maintenance therapy comprises subcuta- 30 response to treatment selected from the group consist 
neously administering to the subject the anti - IL - 12 / ing of : ( i ) having a clinical remission based on at least 
IL - 23p40 antibody at a dosage of 90 mg per admin one of the global definition of clinical remission with 
istration , once every 8 weeks or once every 12 Mayo score 52 points with no individual subscore > 1 

and the US definition of clinical remission with abso weeks , and wherein the maintenance therapy is pro 
vided for 44 weeks and after treating with the 35 lute stool number s3 , rectal bleeding subscore of O and 
antibody , the subject is a responder to treatment by Mayo endoscopy subscore of 0 or 1 , ( ii ) having an 
at least one measure of response to treatment endoscopic healing with a Mayo endoscopy subscore of 
selected from the group consisting of : ( i ) having a 0 or 1 , ( iii ) achieving a clinical response based on the 
clinical remission based on at least one of the global Mayo endoscopy subscore , ( iv ) having improvements 
definition of clinical remission with Mayo score s2 40 from baseline in Inflammatory Bowel Disease Ques 
points with no individual subscore > 1 and the US tionnaire ( IBDQ ) score , ( v ) having a mucosal healing , 
definition of clinical remission with absolute stool ( vi ) having a decrease from baseline in Mayo score , and 
number s3 , rectal bleeding subscore of 0 and Mayo ( vii ) in clinical response as determined by a decrease 
endoscopy subscore of 0 or 1 , ( ii ) having an endo from baseline in the Mayo score by 230 % and 23 points 
scopic healing with a Mayo endoscopy subscore of ( 45 and a decrease from baseline in the rectal bleeding 
or 1 , ( iii ) achieving a clinical response based on the subscore 21 points or a rectal bleeding subscore of 0 or 

1 . Mayo endoscopy subscore , ( iv ) having improve 
ments from baseline in Inflammatory Bowel Disease 
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IN THE UNITED STATES DISTRICT COURT 

FOR THE DISTRICT OF DELAWARE 

 

JANSSEN BIOTECH, INC., 

  

                                          Plaintiff, 

v. 

AMGEN INC.,  

                                         Defendant.   

) 

) 

) 

) 

) 

) 

) 

) 

) 

 

 

C.A. No. 22-1549-MN 

 

 

STIPULATION REGARDING AGREEMENT AS TO  

U.S. PATENT NO. 6,902,734 (B2)  

 

IT IS HEREBY STIPULATED AND AGREED, by and between 

Plaintiff and Defendant, through their undersigned counsel, that  
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/s/ Alexandra M. Joyce    

Daniel M. Silver (#4758) 

Alexandra M. Joyce (#6423) 

MCCARTER & ENGLISH, LLP 

Renaissance Centre 

405 N. King Street 

Wilmington, DE 19801 

(302) 984-6300 

dsilver@mccarter.com 

ajoyce@mccarter.com 

 

Attorneys for Plaintiff Janssen 

Biotech, Inc. 

 

Dated: January 23, 2023 

/s/ Katharine L. Mowery    

Robert W. Whetzel (#2288) 

Katharine Lester Mowery (#5629) 

Nicole K. Pedi (#6236) 

RICHARDS, LAYTON & FINGER, P.A. 

920 North King Street 

Wilmington, DE 19801 

(302) 651-7700 

whetzel@rlf.com 

mowery@rlf.com 

pedi@rlf.com 

 

Attorneys for Defendant Amgen Inc.  
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Proskauer Rose LLP   2029 Century Park East, Suite 2400   Los Angeles, CA 90067 
 

 

 
 
 

Beijing | Boca Raton | Boston | Chicago | Hong Kong | London | Los Angeles | New Orleans | New York | Newark | Paris | São Paulo | Washington, DC 

 

 
 
 

 
 
December 5, 2022 
 
By Email (Michael.Morin@lw.com) 

Michael Morin, Esq. 
Latham & Watkins LLP 
555 Eleventh Street, N.W., Suite 100 
Washington, DC 20004-1304 
 
Re:  Response to December 2 Letter and Document Production 
 
Dear Mike: 

Your December 2, 2022 letter asked Amgen to expedite its production of its BLA and 
other information concerning the manufacture of Amgen’s ABP 654 drug products by December 
6, 2022.  We have accommodated your request and are producing these materials today.  
Accompanying this letter are instructions to download the documents, bearing the Bates numbers 
Amgen_ABP654_000000001 - Amgen_ABP654_000326977, via FTP.   As mentioned in our 
November 30 letter, Amgen is producing these materials voluntarily and confidentially under the 
provisions of 42 U.S.C. § 262(l)(1).   

 
Please let me know if you have any questions. 
 

Sincerely, 

/s/ Gourdin W. Sirles 

Gourdin W. Sirles 

 

 

cc:   Siegmund Gutman (via email) 

Gourdin W. Sirles 
Attorney at Law 

d 617.526.9482 
f 617.526.9899 
gsirles@proskauer.com 
www.proskauer.com 
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555 Eleventh Street, N.W., Suite 1000 
Washington, D.C.  20004-1304 
Tel: +1.202.350.5330  Fax: +1.202.637.2201 
www.lw.com 

FIRM / AFFILIATE OFFICES 
Austin Milan 
Beijing Munich 
Boston New York 
Brussels Orange County 
Century City Paris 
Chicago Riyadh 
Dubai San Diego 
Düsseldorf San Francisco 
Frankfurt Seoul 
Hamburg Shanghai 
Hong Kong Silicon Valley 
Houston Singapore 
London Tel Aviv 
Los Angeles Tokyo 
Madrid Washington, D.C. 
 

December 8, 2022 
 
 
 
 
Siegmund Gutman, Esq. 
Proskauer 
2029 Century Park East 
Suite 2400 
Los Angeles, CA 90067-3010 
d 310.284.4533 
f  310.557.2193  
sgutman@proskauer.com 
 
 

Re: Follow up to Jansen’s  December 2 Letter 

 Dear Sige: 

We write as a follow up to our December 2 letter.   

Thank you again for producing Amgen’s aBLA and related materials. We are continuing 
to review them, and as part of that process, we would like to share them with certain of our 
experts/consultants to assist in streamlining issues and narrowing of disputes in this case.  The 
experts/consultants we would propose have access to the Amgen’s aBLA and related materials 
are: 

• Dr. Jonathan R. Lai of Albert Einstein College of Medicine 

• Dr. David A. Schwartz, M.D. of Vanderbilt University School of Medicine 

• Dr. Chris Vellturo, Ph.D. of QES, along with associates Jeffrey Boaz, Dr. Daniel 
Ladd, and Ashley Cho 

• Dr. Steven Chamow of Alira Health, along with associate Dr. Sean Forestell  

Please let us know whether we can share these materials with these experts/consultants.  
We would appreciate receiving your response by Monday, December 12. 
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Best regards, 
 
/s/ Cecilia Sanabria 
 
Cecilia Sanabria 
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Proskauer Rose LLP   2029 Century Park East, Suite 2400   Los Angeles, CA 90067-3010 
 

 

 
 
 
 

Beijing | Boca Raton | Boston | Chicago | Hong Kong | London | Los Angeles | New Orleans | New York | Paris | São Paulo | Washington, DC 

 

December 16, 2022 
 
By Email (Cecilia.Sanabria@lw.com) 

Cecilia Sanabria, Esq. 
Latham & Watkins LLP 
555 Eleventh Street, N.W., Suite 1000 
Washington, D.C.  20004-1304 
 
Re: Response to Letter of December 8 and Emails of December 12 and 15  

Dear Cecilia: 

In your letter of December 8, Janssen requested that Amgen allow various individuals 
identified therein to access Amgen’s confidential information provided to Janssen under the 
protections of § 262(l)(1) (“Amgen Confidential Information”).  This responds to your letter of 
December 8, your email of December 12, and your emails of December 15, wherein you 
withdrew Janssen’s request to provide Drs. Vellturo and Chamow, and their associates, access to 
Amgen Confidential Information, and instead requested that Janssen be allowed to provide 
access to Amgen Confidential Information to Mr. John Jarosz and Dr. Matthew Croughan.   

As you know, confidential information provided under § 262(l)(1) is for “the sole and 
exclusive purpose of determining, with respect to each patent assigned to or exclusively licensed 
by the reference product sponsor, whether a claim of patent infringement could reasonably be 
asserted…”  § 262(l)(1)(D).  Without an appropriate protective order in place and the designation 
of such information by Amgen, Janssen may not use Amgen Confidential Information for the 
litigation that Janssen recently filed against Amgen in Delaware (C.A. No. 22-1549-MN).   

Accordingly, once Drs. Jonathan R. Lai and David A. Schwartz sign and return the 
enclosed acknowledgment to us, we will give Janssen permission to allow only Dr. Jonathan R. 
Lai and Dr. David A. Schwartz access to Amgen Confidential Information.   

However, we do not agree that Janssen may provide Mr. John Jarosz and Dr. Matthew 
Croughan, access to Amgen Confidential Information.  It is not evident how their alleged 
expertise serves the limited use to which this information may be put and Janssen has not offered 
an explanation.  That said, we would be happy to discuss this further.   

Finally, if Janssen would like to discuss terms of a stipulated protective order that may 
allow us to produce Amgen Confidential Information within the context of the pending Delaware 
litigation, please let us know.   
 
Sincerely, 

/s/ Siegmund Y. Gutman 

Siegmund Y. Gutman 

Siegmund Y. Gutman 
Member of the Firm 

d +1.310.284.4533 
f 310.557.2193 
sgutman@proskauer.com 
www.proskauer.com 
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From: Gutman, Siegmund Y. <sgutman@proskauer.com>
Sent: Thursday, December 15, 2022 10:33 PM
To: Sanabria, Cecilia (DC)
Cc: Sirles, Gourdin W.; AmgenABP654; Morin, Mike (DC); Frazier, David (DC); Osman, Inge (DC); 

Seringhaus, Michael (Bay Area); #C-M JOHNSON & JOHNSON - STELARA - LW TEAM; 
DSilver@McCarter.com; ajoyce@mccarter.com

Subject: RE: 1:22-cv-01549-MN Janssen Biotech, Inc. v. Amgen Inc.

Dear Cecilia: 

 
  We do not believe that a Court pleading is 

necessary or warranted, nor do we even understand what form such a pleading would take.  Please confirm Janssen’s 
acceptance by tomorrow.  

To further facilitate an efficient and streamlined process for any preliminary injunction motion that Janssen may file, we 
reiterate our offer to engage in a discussion regarding process as soon as Janssen informs Amgen of the timing and 
scope of such a motion.  

In response to your question regarding the information exchange contemplated by the BPCIA, as I confirmed in my email 
of December 12, 2022, on December 5th Amgen provided Janssen, the reference product sponsor, a copy of Amgen’s 
BLAs submitted to the FDA under 42 U.S.C. § 262(k) as well as other information describing the process used to 
manufacture ABP 654.  Does Janssen have some objection to the timing of Amgen’s disclosure?  Your prior 
communications expressed an urgency to receive this information and Amgen accommodated you. 

Finally, thank you for agreeing to the extension of Amgen’s time to respond to Janssen’s complaint.  Our Delaware 
counsel will propose to yours a stipulation that confirms the extension and specifies that neither party will use the grant 
of the extension as a basis to support any claim, defense, or position in the action.   

Best, 
Sige 

Siegmund Gutman 
Partner 
Chair, Life Sciences Litigation 

Proskauer 
2029 Century Park East 
Suite 2400 
Los Angeles, CA 90067-3010 
d 310.284.4533 
f  310.557.2193  
sgutman@proskauer.com 

greenspaces 
Please consider the environment before printing this email.
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From: Cecilia.Sanabria@lw.com <Cecilia.Sanabria@lw.com>  
Sent: Thursday, December 15, 2022 10:21 AM 
To: Gutman, Siegmund Y. <sgutman@proskauer.com> 
Cc: Sirles, Gourdin W. <gsirles@proskauer.com>; AmgenABP654 <AmgenABP654@proskauer.com>; 
Michael.Morin@lw.com; David.Frazier@lw.com; Inge.Osman@lw.com; Michael.Seringhaus@lw.com; 
JOHNSON&JOHNSON.STELARA.LWTEAM@lw.com; DSilver@McCarter.com; ajoyce@mccarter.com 
Subject: RE: 1:22-cv-01549-MN Janssen Biotech, Inc. v. Amgen Inc. 
 
This email originated from outside the Firm. 

Dear Sige, 
 
We write to follow up on our email below.  Please provide us with you positions and responses to our questions.  In 
particular, if the parties are to prepare and file stipulations regarding Amgen’s commercial activities and schedules for 
Amgen’s answer to the complaint and for Janssen’s PI motion, we would want to do so promptly. 
 
Best, 
Cecilia 
  
Cecilia Sanabria 
  
LATHAM & WATKINS LLP 
555 Eleventh Street, NW | Suite 1000 | Washington, D.C. 20004-1304 
D: +1.202.350.5331 | M: +1.202.286.1014  
  
  
From: Sanabria, Cecilia (DC) <Cecilia.Sanabria@lw.com>  
Sent: Tuesday, December 13, 2022 12:32 PM 
To: Gutman, Siegmund Y. <sgutman@proskauer.com> 
Cc: Sirles, Gourdin W. <gsirles@proskauer.com>; AmgenABP654 <AmgenABP654@proskauer.com>; Morin, Mike (DC) 
<Michael.Morin@lw.com>; Frazier, David (DC) <David.Frazier@lw.com>; Osman, Inge (DC) <Inge.Osman@lw.com>; 
Seringhaus, Michael (Bay Area) <Michael.Seringhaus@lw.com>; #C-M JOHNSON & JOHNSON - STELARA - LW TEAM 
<JOHNSON&JOHNSON.STELARA.LWTEAM@lw.com>; DSilver@McCarter.com; ajoyce@mccarter.com 
Subject: RE: 1:22-cv-01549-MN Janssen Biotech, Inc. v. Amgen Inc. 
  
Dear Sige,  
  
Thank you for your email. 
  

 
  Please confirm by 

tomorrow.  
  
With respect to the preliminary injunction factors, we are disappointed by Amgen’s demand that J&J prove all four 
factors. While we are of course prepared to and will do so, we would have thought that if the Court determines there is a 
substantial likelihood that Amgen would infringe a valid patent, Amgen would refrain from doing so until a final 
determination from the court. This is especially so given that Amgen also sells innovative biologics, and relies upon—and 
presumably expects others to respect—its valid patent rights.     
  
On the subject of the patent dance, we have asked several times whether Amgen intends to engage in the dance, to no 
avail.  We ask once again whether Amgen intends to do so.  We also ask Amgen to confirm that Amgen does not contend 
that last week’s “voluntary” provision of its aBLA constitutes compliance with §262(l)(2)(A), given that, with an  

 filing date, it certainly could not have been “accepted for review” by the FDA by then.  And please confirm that if and 
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when Amgen contends that it complies with §262(l)(2)(A) it will expressly say so, so Janssen will be able to determine 
when its 3(A) list will be due.     
  
Finally, we do not object to the requested extension for Amgen’s answer, provided that Amgen will not use the extension 
or the timing of the answer against J&J, e.g., with respect to the PI schedule. 
  
Best,  
  
Cecilia 
  
Cecilia Sanabria 
  
LATHAM & WATKINS LLP 
555 Eleventh Street, NW | Suite 1000 | Washington, D.C. 20004-1304 
D: +1.202.350.5331 | M: +1.202.286.1014  
  
  
From: Gutman, Siegmund Y. <sgutman@proskauer.com>  
Sent: Monday, December 12, 2022 3:05 PM 
To: Sanabria, Cecilia (DC) <Cecilia.Sanabria@lw.com> 
Cc: Sirles, Gourdin W. <gsirles@proskauer.com>; AmgenABP654 <AmgenABP654@proskauer.com>; Morin, Mike (DC) 
<Michael.Morin@lw.com>; Frazier, David (DC) <David.Frazier@lw.com>; Osman, Inge (DC) <Inge.Osman@lw.com>; 
Seringhaus, Michael (Bay Area) <Michael.Seringhaus@lw.com>; #C-M JOHNSON & JOHNSON - STELARA - LW TEAM 
<JOHNSON&JOHNSON.STELARA.LWTEAM@lw.com> 
Subject: RE: 1:22-cv-01549-MN Janssen Biotech, Inc. v. Amgen Inc. 
  
Dear Cecilia: 
  
This responds to your email below. 
  
As an initial matter, we disagree with various mischaracterizations in your email, including those that are rendered moot 
given that on December 5, 2022 – long before the statutory deadline – Amgen voluntarily disclosed to Janssen the 
information required by § 262(l)(2)(A).  We expect that Janssen will respond appropriately in the ordinary course.  
  
While Amgen also desires to efficiently streamline the proceedings, these efforts must be consistent with the 
substantive and procedural rights of the parties.   

 
 

 
 

 
 

 
  
Regarding the ’307 patent, we do not agree to Janssen’s request that Amgen forgo arguing three out of the four 
preliminary injunction factors.  Amgen will not forgo any of its defenses if Janssen attempts to pursue a preliminary 
injunction based on the ’307 patent. After you notify us of the timing and scope of any preliminary injunction motion 
Janssen may intend to file, we would be happy to discuss process. 
  
Finally, we request that in light of the impending holidays, Janssen agree to extend the deadline for Amgen’s response to 
the complaint by approximately 30 days (to, and including, January 23, 2022). Please let us know by close of business on 
December 13, 2022, whether Janssen will agree to this extension. 
  

Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 453 of 557 PageID #: 9370



4

Best, 
Sige 
  
Siegmund Gutman 
Partner 
Chair, Life Sciences Litigation 
 
Proskauer 
2029 Century Park East 
Suite 2400 
Los Angeles, CA 90067-3010 
d 310.284.4533 
f  310.557.2193  
sgutman@proskauer.com 
 
 
greenspaces 
Please consider the environment before printing this email. 
  
From: Cecilia.Sanabria@lw.com <Cecilia.Sanabria@lw.com>  
Sent: Wednesday, December 7, 2022 11:46 AM 
To: Gutman, Siegmund Y. <sgutman@proskauer.com> 
Cc: Sirles, Gourdin W. <gsirles@proskauer.com>; AmgenABP654 <AmgenABP654@proskauer.com>; 
Michael.Morin@lw.com; David.Frazier@lw.com; Inge.Osman@lw.com; Michael.Seringhaus@lw.com; 
JOHNSON&JOHNSON.STELARA.LWTEAM@lw.com 
Subject: 1:22-cv-01549-MN Janssen Biotech, Inc. v. Amgen Inc. 
  
This email originated from outside the Firm. 

Dear Sige, 
  
Thank you for sending the aBLAs for Amgen’s proposed ustekinumab biosimilar.  While we have not yet had a chance to 
review the filings, we note that they were filed on   This raises three immediate questions, which we 
would appreciate answers to. 
  

 
 

 
 
 

 
    

  
Second, to the extent Amgen will not agree to keep UC off the label until a decision on the merits, we plan to 
seek a PI on the ‘307 patent.  We’d like to discuss a schedule and process for doing so.  We’d also like to know 
whether Amgen will agree not to dispute the final three factors (irreparable harm, balance of hardships, and 
public interest), and let the PI rise or fall on likelihood of success on the merits. 
  
Finally, based on the filing date, Amgen could still participate in the patent dance.  Does Amgen plan to do so? 

  
While you have stated in the past that Amgen is not required to give us all of the above information, we are confident 
that Judge Norieka will expect us to work together to streamline the proceedings and make them as efficient as 
possible.  Providing this information will significantly advance that cause; conversely, if Amgen withholds this 
information, we would bring that fact to Judge Norieka’s attention as well. 
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We would appreciate a response by this Friday, December 9, and look forward to working with you cooperatively on 
these issues. 
  
Best, 
Cecilia 
  
Cecilia Sanabria 
  
LATHAM & WATKINS LLP 
555 Eleventh Street, NW 
Suite 1000 
Washington, D.C. 20004-1304 
Direct Dial: +1.202.350.5331 
Mobile: +1.202.286.1014  
Email: cecilia.sanabria@lw.com 
https://www.lw.com 
  
  
_________________________________ 
  
This email may contain material that is confidential, privileged and/or attorney work product for the sole use of 
the intended recipient.  Any review, disclosure, reliance or distribution by others or forwarding without express 
permission is strictly prohibited.  If you are not the intended recipient, please contact the sender and delete all 
copies including any attachments. 
  
Latham & Watkins LLP or any of its affiliates may monitor electronic communications sent or received by our 
networks in order to protect our business and verify compliance with our policies and relevant legal 
requirements. Any personal information contained or referred to within this electronic communication will be 
processed in accordance with the firm's privacy notices and Global Privacy Standards available at www.lw.com. 
 
 
**************************************************************************************************
**************************************************** 
This message and its attachments are sent from a law firm and may contain information that is confidential and 
protected by privilege from disclosure. 
If you are not the intended recipient, you are prohibited from printing, copying, forwarding or saving them. 
Please delete the message and attachments without printing, copying, forwarding or saving them, and notify the sender 
immediately. 
**************************************************************************************************
****************************************************  
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CELL CULTURE PROCESS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

2 
residue at a carboxyl terminus is about 0.1, about 0.2, about 
0.3, about 0.4, about 0.5, about 0.6, about 0.7, about 0.8, 
about 0.9, or about 1. 

In some embodiments, the recombinant polypeptide is a 

The present application is the National Stage of Interna
tional Application No. PCT/US2012/045848, filed Jul. 6, 
2012, which claims the benefit of U.S. provisional applica
tion Ser. No. 61/505,681, filed on Jul. 8, 2011, the contents 
of all of which are herein incorporated by reference in their 
entirety. 

5 recombinant Fe-containing polypeptide (e.g., antibody). In 
some embodiments, the target value is a level of heavy 
chains in the population comprising a C-terminal lysine or 
arginine. In some embodiments, the target value is a level of 
heavy chains having a C-terminal lysine or arginine in the 

10 population of at least about 1 %, at least about 2%, at least 
about 3%, at least about 4%, at least about 5%, at least about 
6%, at least about 7%, at least about 8%, at least about 9%, 
at least about 10%, at least about 11 %, at least about 12%, FIELD OF THE INVENTION 

The invention relates generally to cell culture methods. 

BACKGROUND 

Therapeutic polypeptides are an important class of thera
peutic biotechnology products, and therapeutic antibodies 
(including murine, chimeric, humanized and human anti
bodies and fragments thereof) account for the majority of 
therapeutic biologic products. 

15 
at least about 13%, at least about 14%, at least about 15%, 
at least about 16%, at least about 17%, at least about 18%, 
at least about 19%, at least about 20%, at least about 25%, 
at least about 30%, at least about 35%, at least about 40%, 
at least about 45%, at least about 50%, or more. In some 

20 embodiments, the target value is a level of Kl lysine variants 
and/or K2 lysine variants in the population. In some embodi
ments, the target value is a level of Kl lysine variants and/or 
K2 lysine variants in the population of at least about 1 %, at 
least about 2%, at least about 3%, at least about 4%, at least 

SUMMARY 25 about 5%, at least about 6%, at least about 7%, at least about 
8%, at least about 9%, at least about 10%, at least about 
11 %, at least about 12%, at least about 13%, at least about 
14%, at least about 15%, at least about 16%, at least about 
17%, at least about 18%, at least about 19%, at least about 

In one aspect, the invention features a method of produc
ing a population of recombinant polypeptides, comprising: 
providing a target value of C-terminal variants of a recom
binant polypeptide, providing a host cell comprising a 
nucleic acid encoding the recombinant polypeptide, cultur
ing the host cell under conditions (i) in which the cell 
expresses a population of C-terminal variants of the encoded 
recombinant polypeptide and (ii) which increase the intra
cellular pH of the cell, and isolating the population, wherein 35 

the population comprises the provided target value of C-ter
minal variants of the recombinant polypeptide. 

30 20%, at least about 25%, at least about 30%, at least about 
35%, at least about 40%, at least about 45%, at least about 

In some embodiments, the conditions which increase the 
intracellular pH of the cell comprise culturing the cells in a 
medium comprising one or more of: (a) about 1 g/L to about 40 

50 g/L lysine, arginine and/or histidine; (b) about 0.1 g/L 
glucose to about 10 g/L glucose; ( c) about 2 mM to about 10 
mM NH4 Cl; ( d) about 10 µM to about 500 µM chloroquine; 
and ( e) about 10 mM to about 30 mM glutamine. 

In some embodiments, intracellular pH is increased by at 45 

least about 10%, at least about 20%, at least about 30%, at 
least about 40%, at least about 50%, at least about 60%, at 
least about 70%, at least about 80%, at least about 90%, at 
least about 100%, or more, relative to control culture con
ditions. In some embodiments, intracellular pH is increased 50 

by a value of at least about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 
0.8, 0.9, 1, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, 2, 2.1, 2.2, 
2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9, 3, or more, relative to control 
culture conditions. 

In some embodiments, the target value is a level of 55 

polypeptides comprising a lysine or an arginine residue at a 
carboxyl terminus. In some embodiments, the target value is 
a level of polypeptides comprising a lysine or an arginine 
residue at a carboxyl terminus relative to a sum of a level of 
polypeptides comprising a lysine or an arginine residue at a 60 

carboxyl terminus and a level of polypeptides not compris
ing a lysine or an arginine residue at a carboxyl terminus. In 
some embodiments, the level of polypeptides comprising a 
lysine or an arginine residue at a carboxyl terminus relative 
to the sum of the level of polypeptides comprising a lysine 65 

or an arginine residue at a carboxyl terminus and the level 
of polypeptides not comprising a lysine or an arginine 

50%, or more. 
In some embodiments, the method further comprises 

measuring a level of one or more C-terminal variants in the 
population. In some embodiments, the population is a popu
lation of Fe-containing polypeptides or antibodies, and the 
method further comprises measuring a level of one or more 
of KO, Kl, or K2 lysine variants in the population. In some 
embodiments, the method further comprises recording the 
level of one or more of KO, Kl, or K2 lysine variants in a 
print or computer-readable medium, e.g., in a test report, 
Material Safety Data Sheet (MSDS) or Certificate of Testing 
or Certificate of Analysis (CofA). 

In another aspect, the invention features a method of 
producing a population of Fe-containing polypeptides, com
prising: providing a target value of KO, Kl, and/or K2 lysine 
variants of an Fe-containing polypeptide; providing a host 
cell comprising a nucleic acid encoding the Fe-containing 
polypeptide; culturing the host cell under conditions (i) in 
which the cell expresses a population of KO, Kl, and/or K2 
lysine variants of the encoded Fe-containing polypeptide 
and (ii) which increase the intracellular pH of the cell; and 
isolating the population, wherein the population comprises 
the provided target value of KO, Kl, and/or K2 lysine 
variants of the Fe-containing polypeptide. 

In some embodiments, the conditions which increase the 
intracellular pH of the cell comprise culturing the cells in a 
medium comprising one or more of: (a) about 2 g/L to about 
50 g/L lysine, arginine and/or histidine; (b) about 0.1 g/L 
glucose to about 10 g/L glucose; ( c) about 2 mM to about 10 
mM NH4Cl; (d) about 10 µM to about 500 µM chloroquine; 
and ( e) about 10 mM to about 30 mM glutamine. 

In some embodiments, the conditions which increase the 
intracellular pH of the cell comprise culturing the cells in a 
medium comprising one or more of: (a) at least about 1 g/L 
lysine, arginine or histidine; (b) about 0.5 g/L glucose to 
about 2 g/L glucose; ( c) about 2 mM to about 10 mM 
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NH4 Cl; (d) about 10 µM to about 500 µM chloroquine; and 
(e) about 10 mM to about 30 mM glutamine. 

In some embodiments, intracellular pH is increased by at 
least about 10%, at least about 20%, at least about 30%, at 
least about 40%, at least about 50%, at least about 60%, at 
least about 70%, at least about 80%, at least about 90%, at 
least about 100%, or more, relative to control culture con
ditions. In some embodiments, intracellular pH is increased 
by a value of at least about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 
0.8, 0.9, 1, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, 2, 2.1, 2.2, 
2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9, 3, or more, relative to control 
culture conditions. 

In some embodiments, the target value is a level of 
Fe-containing polypeptides comprising a lysine or an argi
nine residue at a carboxyl terminus. In some embodiments, 
the target value is a level of Fe-containing polypeptides 
comprising a lysine or an arginine residue at a carboxyl 
terminus relative to a sum of a level of Fe-containing 
polypeptides comprising a lysine or an arginine residue at a 
carboxyl terminus and a level of Fe-containing polypeptides 
not comprising a lysine or an arginine residue at a carboxyl 
terminus. In some embodiments, the level of Fe-containing 
polypeptides comprising a lysine or an arginine residue at a 
carboxyl terminus relative to the sum of the level of Fe
containing polypeptides comprising a lysine or an arginine 
residue at a carboxyl terminus and the level of Fe-containing 
polypeptides not comprising a lysine or an arginine residue 
at a carboxyl terminus is about 0.1, about 0.2, about 0.3, 
about 0.4, about 0.5, about 0.6, about 0.7, about 0.8, about 
0.9, or about 1. 

In some embodiments, the target value is a level of heavy 
chains in the population comprising a C-terminal lysine or 
arginine. In some embodiments, the target value is a level of 
heavy chains having a C-terminal lysine or arginine in the 
population of at least about 1 %, at least about 2%, at least 
about 3%, at least about 4%, at least about 5%, at least about 
6%, at least about 7%, at least about 8%, at least about 9%, 
at least about 10%, at least about 11 %, at least about 12%, 
at least about 13%, at least about 14%, at least about 15%, 
at least about 16%, at least about 17%, at least about 18%, 
at least about 19%, at least about 20%, at least about 25%, 
at least about 30%, at least about 35%, at least about 40%, 

4 
antibody; providing a host cell comprising a nucleic acid 
encoding the antibody; culturing the host cell under condi
tions (i) in which the cell expresses a population of KO, Kl, 
and/or K2 lysine variants of the encoded antibody and (ii) 

5 which increase the intracellular pH of the cell; and isolating 
the population, wherein the population comprises the pro
vided target value of KO, Kl, and/or K2 lysine variants of the 
antibody. 

In some embodiments, the conditions which increase the 
10 intracellular pH of the cell comprise culturing the cells in a 

medium comprising one or more of: (a) about 2 g/L to about 
50 g/L lysine, arginine and/or histidine; (b) about 0.1 g/L 
glucose to about 10 g/L glucose; ( c) about 2 mM to about 10 
mM NH4Cl; (d) about 10 µM to about 500 µM chloroquine; 

15 and (e) about 10 mM to about 30 mM glutamine. 
In some embodiments, intracellular pH is increased by at 

least about 10%, at least about 20%, at least about 30%, at 
least about 40%, at least about 50%, at least about 60%, at 
least about 70%, at least about 80%, at least about 90%, at 

20 least about 100%, or more, relative to control culture con
ditions. In some embodiments, intracellular pH is increased 
by a value of at least about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 
0.8, 0.9, 1, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, 2, 2.1, 2.2, 
2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9, 3, or more, relative to control 

25 culture conditions. 
In some embodiments, the target value is a level of 

antibodies comprising a lysine or an arginine residue at a 
carboxyl terminus. In some embodiments, the target value is 
a level of antibodies comprising a lysine or an arginine 

30 residue at a carboxyl terminus relative to a sum of a level of 
antibodies comprising a lysine or an arginine residue at a 
carboxyl terminus and a level of antibodies not comprising 
a lysine or an arginine residue at a carboxyl terminus. In 
some embodiments, the level of antibodies comprising a 

35 lysine or an arginine residue at a carboxyl terminus relative 
to the sum of the level of antibodies comprising a lysine or 
an arginine residue at a carboxyl terminus and the level of 
antibodies not comprising a lysine or an arginine residue at 
a carboxyl terminus is about 0.1, about 0.2, about 0.3, about 

40 0.4, about 0.5, about 0.6, about 0.7, about 0.8, about 0.9, or 
about 1. 

at least about 45%, at least about 50%, or more. In some 
embodiments, the target value is a level of Kl lysine variants 
and/or K2 lysine variants in the population. In some embodi- 45 

ments, the target value is a level of Kl lysine variants and/or 
K2 lysine variants in the population of at least about 1 %, at 
least about 2%, at least about 3%, at least about 4%, at least 
about 5%, at least about 6%, at least about 7%, at least about 
8%, at least about 9%, at least about 10%, at least about 50 

11 %, at least about 12%, at least about 13%, at least about 
14%, at least about 15%, at least about 16%, at least about 
17%, at least about 18%, at least about 19%, at least about 
20%, at least about 25%, at least about 30%, at least about 
35%, at least about 40%, at least about 45%, at least about 55 

50%, or more. 

In some embodiments, the target value is a level of heavy 
chains in the population comprising a C-terminal lysine or 
arginine. In some embodiments, the target value is a level of 
heavy chains having a C-terminal lysine or arginine in the 
population of at least about 1 %, at least about 2%, at least 
about 3%, at least about 4%, at least about 5%, at least about 
6%, at least about 7%, at least about 8%, at least about 9%, 
at least about 10%, at least about 11 %, at least about 12%, 
at least about 13%, at least about 14%, at least about 15%, 
at least about 16%, at least about 17%, at least about 18%, 
at least about 19%, at least about 20%, at least about 25%, 
at least about 30%, at least about 35%, at least about 40%, 
at least about 45%, at least about 50%, or more. In some 
embodiments, the target value is a level of Kl lysine variants 
and/or K2 lysine variants in the population. In some embodi
ments, the target value is a level of Kl lysine variants and/or 
K2 lysine variants in the population of at least about 1 %, at 
least about 2%, at least about 3%, at least about 4%, at least 
about 5%, at least about 6%, at least about 7%, at least about 
8%, at least about 9%, at least about 10%, at least about 
11 %, at least about 12%, at least about 13%, at least about 
14%, at least about 15%, at least about 16%, at least about 
17%, at least about 18%, at least about 19%, at least about 
20%, at least about 25%, at least about 30%, at least about 
35%, at least about 40%, at least about 45%, at least about 
50%, or more. 

In some embodiments, the method further comprises 
measuring a level of one or more of KO, Kl, or K2 lysine 
variants in the population. In some embodiments, the 
method further comprises recording the level of one or more 60 

of KO, Kl, or K2 lysine variants in a print or computer
readable medium, e.g., in a test report, Material Safety Data 
Sheet (MSDS) or Certificate of Testing or Certificate of 
Analysis (CofA). 

In another aspect, the invention features a method of 65 

producing a population of antibodies, comprising: providing 
a target value of KO, Kl, and/or K2 lysine variants of an 
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In some embodiments, the method further comprises 
measuring a level of one or more of KO, Kl, or K2 lysine 
variants in the population. In some embodiments, the 
method further comprises recording the level of one or more 
of KO, Kl, or K2 lysine variants in a print or computer
readable medium, e.g., in a test report, Material Safety Data 
Sheet (MSDS) or Certificate of Testing or Certificate of 
Analysis (CofA). 

In another aspect, the invention features a method of 
producing a population of recombinant antibodies, compris
ing: providing a target value of C-terminal variants of a 
recombinant antibody, providing a host cell comprising a 
nucleic acid encoding the recombinant antibody, culturing 
the host cell in a medium comprising about 2 g/L to about 

6 
at least about 45%, at least about 50%, or more. In some 
embodiments, the target value is a level of Kl lysine variants 
and/or K2 lysine variants in the population. In some embodi
ments, the target value is a level of Kl lysine variants and/or 

5 K2 lysine variants in the population of at least about 1 %, at 
least about 2%, at least about 3%, at least about 4%, at least 
about 5%, at least about 6%, at least about 7%, at least about 
8%, at least about 9%, at least about 10%, at least about 
11 %, at least about 12%, at least about 13%, at least about 

10 14%, at least about 15%, at least about 16%, at least about 
17%, at least about 18%, at least about 19%, at least about 
20%, at least about 25%, at least about 30%, at least about 
35%, at least about 40%, at least about 45%, at least about 
50%, or more. 

50 g/L lysine, arginine and/or histidine under conditions in 15 

which the cell expresses a population ofC-terminal variants 
In some embodiments, the method further comprises 

measuring a level of one or more of KO, Kl, or K2 lysine 
variants in the population. In some embodiments, the 
method further comprises recording the level of one or more 
of KO, Kl, or K2 lysine variants in a print or computer-

of the encoded recombinant antibody; and isolating the 
population, wherein the population comprises the provided 
target value of C-terminal variants of the recombinant anti
body. 

In some embodiments, the medium comprises lysine, 
arginine, histidine, or a combination of lysine, arginine, 
and/or histidine, at a concentration of at least about 1.5 g/L, 
at least about 2 g/L, at least about 2.5 g/L, at least about 3 
g/L, at least about 3.5 g/L, at least about 4 g/L, at least about 
4.5 g/L, at least about 5 g/L, at least about 5.5 g/L, at least 
about 6 g/L, at least about 6.5 g/L, at least about 7 g/L, at 
least about 7.5 g/L, at least about 8 g/L, at least about 8.5 
g/L, at least about 9 g/L, at least about 9.5 g/L, at least about 
10 g/L, at least about 10.5 g/L, at least about 11 g/L, at least 
about 11.5 g/L, at least about 12 g/L, at least about 12.5 g/L, 
at least about 13 g/L, at least about 13.5 g/L, at least about 
14 g/L, at least about 14.5 g/L, at least about 15 g/L, at least 
about 15.5 g/L, at least about 16 g/L, at least about 16.5 g/L, 
at least about 17 g/L, at least about 17 .5 g/L, at least about 
18 g/L, at least about 18.5 g/L, at least about 19 g/L, at least 
about 19.5 g/L, at least about 20 g/L, at least about 25 g/L, 
at least about 30 g/L, at least about 35 g/L, at least about 40 
g/L, at least about 45 g/L, at least about 50 g/L, or more. 

In some embodiments, the target value is a level of 
antibodies comprising a lysine or an arginine residue at a 
carboxyl terminus. In some embodiments, the target value is 
a level of antibodies comprising a lysine or an arginine 
residue at a carboxyl terminus relative to a sum of a level of 
antibodies comprising a lysine or an arginine residue at a 
carboxyl terminus and a level of antibodies not comprising 
a lysine or an arginine residue at a carboxyl terminus. In 
some embodiments, the level of antibodies comprising a 
lysine or an arginine residue at a carboxyl terminus relative 

20 readable medium, e.g., in a test report, Material Safety Data 
Sheet (MSDS) or Certificate of Testing or Certificate of 
Analysis (CofA). 

In another aspect, the invention features a method of 
producing a population of recombinant antibodies, compris-

25 ing: providing a target value of C-terminal variants of a 
recombinant antibody, providing a host cell comprising a 
nucleic acid encoding the recombinant antibody, culturing 
the host cell in a medium comprising about 0.1 g/L glucose 
to about 10 g/L glucose under conditions in which the cell 

30 expresses a population of C-terminal variants of the encoded 
recombinant antibody; and isolating the population, wherein 
the population comprises the provided target value of C-ter
minal variants of the recombinant antibody. 

In some embodiments, the medium comprises glucose at 
35 a concentration of about 0.5 g/L to about 2 g/L. In some 

embodiments, the medium comprises glucose at a concen
tration of about 0.1 g/L to about 10 g/L, e.g., about 0.2 g/L, 
about 0.3 g/L, about 0.4 g/L, about 0.5 g/L, about 0.6 g/L, 
about 0.7 g/L, about 0.8 g/L, about 0.9 g/L, about 1 g/L, 

40 about 1.1 g/L, about 1.2 g/L, about 1.3 g/L, about 1 .4 g/L, 
about 1.5 g/L, about 1.6 g/L, about 1.7 g/L, about 1.8 g/L, 
about 1.9 g/L, about 2 g/L, about 2.1 g/L, about 2.2 g/L, 
about 2.3 g/L, about 2.4 g/L, about 2.5 g/L, about 2.6 g/L, 
about 2.7 g/L, about 2.8 g/L, about 2.9 g/L, about 3 g/L, 

45 about 3.5 g/L, about 4 g/L, about 4.5 g/L, about 5 g/L, about 
5.5 g/L, about 6 g/L, about 6.5 g/L, about 7 g/L, about 7.5 
g/L, about 8 g/L, about 8.5 g/L, about 9 g/L, about 9.5 g/L, 
about 10 g/L, or more. In some embodiments, the glucose 
concentration is a controlled glucose concentration. 

to the sum of the level of antibodies comprising a lysine or 50 

an arginine residue at a carboxyl terminus and the level of 
antibodies not comprising a lysine or an arginine residue at 

In some embodiments, the target value is a level of 
antibodies comprising a lysine or an arginine residue at a 
carboxyl terminus. In some embodiments, the target value is 
a level of antibodies comprising a lysine or an arginine 
residue at a carboxyl terminus relative to a sum of a level of 

a carboxyl terminus is about 0.1, about 0.2, about 0.3, about 
0.4, about 0.5, about 0.6, about 0.7, about 0.8, about 0.9, or 
about 1. 

In some embodiments, the target value is a level of heavy 
chains in the population comprising a C-terminal lysine or 
arginine. In some embodiments, the target value is a level of 
heavy chains having a C-terminal lysine or arginine in the 
population of at least about 1 %, at least about 2%, at least 
about 3%, at least about 4%, at least about 5%, at least about 
6%, at least about 7%, at least about 8%, at least about 9%, 
at least about 10%, at least about 11 %, at least about 12%, 
at least about 13%, at least about 14%, at least about 15%, 
at least about 16%, at least about 17%, at least about 18%, 
at least about 19%, at least about 20%, at least about 25%, 
at least about 30%, at least about 35%, at least about 40%, 

55 antibodies comprising a lysine or an arginine residue at a 
carboxyl terminus and a level of antibodies not comprising 
a lysine or an arginine residue at a carboxyl terminus. In 
some embodiments, the level of antibodies comprising a 
lysine or an arginine residue at a carboxyl terminus relative 

60 to the sum of the level of antibodies comprising a lysine or 
an arginine residue at a carboxyl terminus and the level of 
antibodies not comprising a lysine or an arginine residue at 
a carboxyl terminus is about 0.1, about 0.2, about 0.3, about 
0.4, about 0.5, about 0.6, about 0.7, about 0.8, about 0.9, or 

65 about 1. 
In some embodiments, the target value is a level of heavy 

chains in the population comprising a C-terminal lysine or 
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arginine. In some embodiments, the target value is a level of 
heavy chains having a C-terminal lysine or arginine in the 
population of at least about 1 %, at least about 2%, at least 
about 3%, at least about 4%, at least about 5%, at least about 
6%, at least about 7%, at least about 8%, at least about 9%, 
at least about 10%, at least about 11 %, at least about 12%, 
at least about 13%, at least about 14%, at least about 15%, 
at least about 16%, at least about 17%, at least about 18%, 
at least about 19%, at least about 20%, at least about 25%, 
at least about 30%, at least about 35%, at least about 40%, 
at least about 45%, at least about 50%, or more. In some 
embodiments, the target value is a level of Kl lysine variants 
and/ or K2 lysine variants in the population. In some embodi
ments, the target value is a level of Kl lysine variants and/or 
K2 lysine variants in the population of at least about 1 %, at 
least about 2%, at least about 3%, at least about 4%, at least 
about 5%, at least about 6%, at least about 7%, at least about 
8%, at least about 9%, at least about 10%, at least about 
11 %, at least about 12%, at least about 13%, at least about 
14%, at least about 15%, at least about 16%, at least about 
17%, at least about 18%, at least about 19%, at least about 
20%, at least about 25%, at least about 30%, at least about 
35%, at least about 40%, at least about 45%, at least about 
50%, or more. 

In some embodiments, the method further comprises 
measuring a level of one or more of KO, Kl, or K2 lysine 
variants in the population. In some embodiments, the 
method further comprises recording the level of one or more 
of KO, Kl, or K2 lysine variants in a print or computer
readable medium, e.g., in a test report, Material Safety Data 
Sheet (MSDS) or Certificate of Testing or Certificate of 
Analysis (CofA). 

8 
In some embodiments, the target value is a level of heavy 

chains in the population comprising a C-terminal lysine or 
arginine. In some embodiments, the target value is a level of 
heavy chains having a C-terminal lysine or arginine in the 

5 population of at least about 1 %, at least about 2%, at least 
about 3%, at least about 4%, at least about 5%, at least about 
6%, at least about 7%, at least about 8%, at least about 9%, 
at least about 10%, at least about 11 %, at least about 12%, 
at least about 13%, at least about 14%, at least about 15%, 

10 at least about 16%, at least about 17%, at least about 18%, 
at least about 19%, at least about 20%, at least about 25%, 
at least about 30%, at least about 35%, at least about 40%, 
at least about 45%, at least about 50%, or more. In some 
embodiments, the target value is a level of Kl lysine variants 

15 and/or K2 lysine variants in the population. In some embodi
ments, the target value is a level of Kl lysine variants and/or 
K2 lysine variants in the population of at least about 1 %, at 
least about 2%, at least about 3%, at least about 4%, at least 
about 5%, at least about 6%, at least about 7%, at least about 

20 8%, at least about 9%, at least about 10%, at least about 
11 %, at least about 12%, at least about 13%, at least about 
14%, at least about 15%, at least about 16%, at least about 
17%, at least about 18%, at least about 19%, at least about 
20%, at least about 25%, at least about 30%, at least about 

25 35%, at least about 40%, at least about 45%, at least about 
50%, or more. 

In some embodiments, the method further comprises 
measuring a level of one or more of KO, Kl, or K2 lysine 
variants in the population. In some embodiments, the 

30 method further comprises recording the level of one or more 
of KO, Kl, or K2 lysine variants in a print or computer
readable medium, e.g., in a test report, Material Safety Data 
Sheet (MSDS) or Certificate of Testing or Certificate of In another aspect, the invention features a method of 

producing a population of recombinant antibodies, compris
ing: providing a target value of C-terminal variants of a 35 

recombinant antibody, providing a host cell comprising a 
nucleic acid encoding the recombinant antibody, culturing 
the host cell in a medium comprising about 1 mM to about 

Analysis (CofA). 
In another aspect, the invention features a method of 

producing a population of recombinant antibodies, compris
ing: providing a target value of C-terminal variants of a 
recombinant antibody, providing a host cell comprising a 
nucleic acid encoding the recombinant antibody, culturing 50 mM NH4Cl under conditions in which the cell expresses 

a population of C-terminal variants of the encoded recom
binant antibody; and isolating the population, wherein the 
population comprises the provided target value of C-termi
nal variants of the recombinant antibody. 

In some embodiments, the medium comprises a concen
tration ofNH4 Cl of about 1 mM to about 30 mM, e.g., about 
1 mM, about 2 mM, about 3 mM, about 4 mM, about 5 mM, 
about 6 mM, about 7 mM, about 8 mM, about 9 mM, about 
10 mM, about 11 mM, about 12 mM, about 13 mM, about 
14 mM, about 15 mM, about 16 mM, about 17 mM, about 
18 mM, about 19 mM, about 20 mM, about 25 mM, about 
30 mM, about 40 mM, about 50 mM, or more. 

In some embodiments, the target value is a level of 
antibodies comprising a lysine or an arginine residue at a 
carboxyl terminus. In some embodiments, the target value is 
a level of antibodies comprising a lysine or an arginine 
residue at a carboxyl terminus relative to a sum of a level of 
antibodies comprising a lysine or an arginine residue at a 
carboxyl terminus and a level of antibodies not comprising 

40 the host cell in a medium comprising about 10 µm to about 
500 µm chloroquine under conditions in which the cell 
expresses a population of C-terminal variants of the encoded 
recombinant antibody; and isolating the population, wherein 
the population comprises the provided target value of C-ter-

45 minal variants of the recombinant antibody. 
In some embodiments, the medium comprises chloro

quine at a concentration of about 10 µM, about 20 µM, about 
30 µM, about 40 µM, about 50 µM, about 60 µM, about 70 
µM, about 80 µM, about 90 µM, about 100 µM, about 110 

50 µM, about 120 µM, about 130 µM, about 140 µM, about 150 
µM, about 160 µM, about 170 µM, about 180 µM, about 190 
µM, about 200 µM, about 210 µM, about 220 µM, about 230 
µM, about 250 µM, about 250 µM, about 260 µM, about 270 
µM, about 280 µM, about 290 µM, about 300 µM, about 310 

55 µM, about 320 µM, about 330 µM, about 340 µM, about 350 
µM, about 360 µM, about 370 µM, about 380 µM, about 390 
µM, about 400 µM, about 410 µM, about 420 µM, about 430 
µM, about 440 µM, about 450 µM, about 460 µM, about 470 

a lysine or an arginine residue at a carboxyl terminus. In 
some embodiments, the level of antibodies comprising a 60 

lysine or an arginine residue at a carboxyl terminus relative 

µM, about 480 µM, about 490 µM, about 500 µM, or more. 
In some embodiments, the target value is a level of 

antibodies comprising a lysine or an arginine residue at a 
carboxyl terminus. In some embodiments, the target value is 
a level of antibodies comprising a lysine or an arginine 
residue at a carboxyl terminus relative to a sum of a level of 

to the sum of the level of antibodies comprising a lysine or 
an arginine residue at a carboxyl terminus and the level of 
antibodies not comprising a lysine or an arginine residue at 
a carboxyl terminus is about 0.1, about 0.2, about 0.3, about 
0.4, about 0.5, about 0.6, about 0.7, about 0.8, about 0.9, or 
about 1. 

65 antibodies comprising a lysine or an arginine residue at a 
carboxyl terminus and a level of antibodies not comprising 
a lysine or an arginine residue at a carboxyl terminus. In 
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some embodiments, the level of antibodies compnsmg a 
lysine or an arginine residue at a carboxyl terminus relative 
to the sum of the level of antibodies comprising a lysine or 

10 
carboxyl terminus and a level of antibodies not comprising 
a lysine or an arginine residue at a carboxyl terminus. In 
some embodiments, the level of antibodies comprising a 
lysine or an arginine residue at a carboxyl terminus relative an arginine residue at a carboxyl terminus and the level of 

antibodies not comprising a lysine or an arginine residue at 
a carboxyl terminus is about 0.1, about 0.2, about 0.3, about 
0.4, about 0.5, about 0.6, about 0.7, about 0.8, about 0.9, or 
about 1. 

5 to the sum of the level of antibodies comprising a lysine or 
an arginine residue at a carboxyl terminus and the level of 
antibodies not comprising a lysine or an arginine residue at 
a carboxyl terminus is about 0.1, about 0.2, about 0.3, about 
0.4, about 0.5, about 0.6, about 0.7, about 0.8, about 0.9, or In some embodiments, the target value is a level of heavy 

chains in the population comprising a C-terminal lysine or 
arginine. In some embodiments, the target value is a level of 
heavy chains having a C-terminal lysine or arginine in the 
population of at least about 1 %, at least about 2%, at least 
about 3%, at least about 4%, at least about 5%, at least about 
6%, at least about 7%, at least about 8%, at least about 9%, 15 

at least about 10%, at least about 11 %, at least about 12%, 

10 about 1. 

at least about 13%, at least about 14%, at least about 15%, 
at least about 16%, at least about 17%, at least about 18%, 
at least about 19%, at least about 20%, at least about 25%, 
at least about 30%, at least about 35%, at least about 40%, 20 

at least about 45%, at least about 50%, or more. In some 
embodiments, the target value is a level of Kl lysine variants 
and/ or K2 lysine variants in the population. In some embodi
ments, the target value is a level of Kl lysine variants and/or 
K2 lysine variants in the population of at least about 1 %, at 25 

least about 2%, at least about 3%, at least about 4%, at least 
about 5%, at least about 6%, at least about 7%, at least about 
8%, at least about 9%, at least about 10%, at least about 
11 %, at least about 12%, at least about 13%, at least about 
14%, at least about 15%, at least about 16%, at least about 30 

17%, at least about 18%, at least about 19%, at least about 
20%, at least about 25%, at least about 30%, at least about 
35%, at least about 40%, at least about 45%, at least about 
50%, or more. 

In some embodiments, the target value is a level of heavy 
chains in the population comprising a C-terminal lysine or 
arginine. In some embodiments, the target value is a level of 
heavy chains having a C-terminal lysine or arginine in the 
population of at least about 1 %, at least about 2%, at least 
about 3%, at least about 4%, at least about 5%, at least about 
6%, at least about 7%, at least about 8%, at least about 9%, 
at least about 10%, at least about 11 %, at least about 12%, 
at least about 13%, at least about 14%, at least about 15%, 
at least about 16%, at least about 17%, at least about 18%, 
at least about 19%, at least about 20%, at least about 25%, 
at least about 30%, at least about 35%, at least about 40%, 
at least about 45%, at least about 50%, or more. In some 
embodiments, the target value is a level of Kl lysine variants 
and/or K2 lysine variants in the population. In some embodi
ments, the target value is a level of Kl lysine variants and/or 
K2 lysine variants in the population of at least about 1 %, at 
least about 2%, at least about 3%, at least about 4%, at least 
about 5%, at least about 6%, at least about 7%, at least about 
8%, at least about 9%, at least about 10%, at least about 
11 %, at least about 12%, at least about 13%, at least about 
14%, at least about 15%, at least about 16%, at least about 
17%, at least about 18%, at least about 19%, at least about 
20%, at least about 25%, at least about 30%, at least about 

In some embodiments, the method further comprises 
measuring a level of one or more of KO, Kl, or K2 lysine 
variants in the population. In some embodiments, the 
method further comprises recording the level of one or more 

35 35%, at least about 40%, at least about 45%, at least about 

of KO, Kl, or K2 lysine variants in a print or computer
readable medium, e.g., in a test report, Material Safety Data 40 

Sheet (MSDS) or Certificate of Testing or Certificate of 
Analysis (CofA). 

In another aspect, the invention features a method of 
producing a population of recombinant antibodies, compris
ing: providing a target value of C-terminal variants of a 45 

recombinant antibody, providing a host cell comprising a 
nucleic acid encoding the recombinant antibody, culturing 
the host cell in a medium comprising about 5 mM to about 
80 mM glutamine under conditions in which the cell 
expresses a population of C-terminal variants of the encoded 50 

recombinant antibody; and isolating the population, wherein 
the population comprises the provided target value of C-ter
minal variants of the recombinant antibody. 

In some embodiments, the medium comprises glutamine 
at a concentration of about 10 mM to about 30 mM. In other 55 

50%, or more. 
In some embodiments, the method further comprises 

measuring a level of one or more of KO, Kl, or K2 lysine 
variants in the population. In some embodiments, the 
method further comprises recording the level of one or more 
of KO, Kl, or K2 lysine variants in a print or computer-
readable medium, e.g., in a test report, Material Safety Data 
Sheet (MSDS) or Certificate of Testing or Certificate of 
Analysis (CofA). 

In another aspect, the invention features a method pro
ducing a recombinant Fe-containing polypeptide, compris
ing: culturing a cell in a medium comprising about 1 g/L to 
about 50 g/L histidine under conditions in which the cell 
expresses a population of the recombinant antibody; isolat
ing the population; and measuring the level of one or more 
of KO, Kl, or K2 lysine variants of the population. In some 
embodiments, the Fe-containing polypeptide is an antibody. 

In some embodiments, the medium comprises histidine at 
a concentration of at least about 1.5 g/L, at least about 2 g/L, 
at least about 2.5 g/L, at least about 3 g/L, at least about 3.5 
g/L, at least about 4 g/L, at least about 4.5 g/L, at least about 
5 g/L, at least about 5.5 g/L, at least about 6 g/L, at least 
about 6.5 g/L, at least about 7 g/L, at least about 7.5 g/L, at 
least about 8 g/L, at least about 8.5 g/L, at least about 9 g/L, 

embodiments, the medium comprises glutamine at a con
centration of about 5 mM, about 10 mM, about 15 mM, 
about 20 mM, about 25 mM, about 30 mM, about 35 mM, 
about 40 mM, about 45 mM, about 50 mM, about 55 mM, 
about 60 mM, about 65 mM, about 70 mM, about 75 mM, 
about 80 mM, or more. 

In some embodiments, the target value is a level of 
antibodies comprising a lysine or an arginine residue at a 
carboxyl terminus. In some embodiments, the target value is 
a level of antibodies comprising a lysine or an arginine 
residue at a carboxyl terminus relative to a sum of a level of 
antibodies comprising a lysine or an arginine residue at a 

60 at least about 9.5 g/L, at least about 10 g/L, at least about 
10.5 g/L, at least about 11 g/L, at least about 11.5 g/L, at 
least about 12 g/L, at least about 12.5 g/L, at least about 13 
g/L, at least about 13.5 g/L, at least about 14 g/L, at least 
about 14.5 g/L, at least about 15 g/L, at least about 15.5 g/L, 

65 at least about 16 g/L, at least about 16.5 g/L, at least about 
17 g/L, at least about 17.5 g/L, at least about 18 g/L, at least 
about 18.5 g/L, at least about 19 g/L, at least about 19.5 g/L, 
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at least about 20 g/L, at least about 25 g/L, at least about 30 
g/L, at least about 35 g/L, at least about 40 g/L, at least about 
45 g/L, at least about 50 g/L, or more 

12 
more of KO, Kl, or K2 lysine variants of the population. In 
some embodiments, the Fe-containing polypeptide is an 
antibody. 

In some embodiments, the medium comprises a concen-In some embodiments, the level of Kl lysine variants 
and/or K2 lysine variants in the population is at least about 
1 %, at least about 2%, at least about 3%, at least about 4%, 
at least about 5%, at least about 6%, at least about 7%, at 
least about 8%, at least about 9%, at least about 10%, at least 
about 11 %, at least about 12%, at least about 13%, at least 
about 14%, at least about 15%, at least about 16%, at least 
about 17%, at least about 18%, at least about 19%, at least 
about 20%, at least about 25%, at least about 30%, at least 
about 35%, at least about 40%, at least about 45%, at least 
about 50%, or more. 

5 tration ofNH4Cl of about 1 mM to about 30 mM, e.g., about 
1 mM, about 2 mM, about 3 mM, about 4 mM, about 5 mM, 
about 6 mM, about 7 mM, about 8 mM, about 9 mM, about 
10 mM, about 11 mM, about 12 mM, about 13 mM, about 
14 mM, about 15 mM, about 16 mM, about 17 mM, about 

10 18 mM, about 19 mM, about 20 mM, about 25 mM, about 
30 mM, about 40 mM, about 50 mM, or more. 

In some embodiments, the level of Kl lysine variants 
and/or K2 lysine variants in the population is at least about 

In some embodiments, the method further comprises 
recording the level of KO, Kl, and/or K2 lysine variants in 
a print or computer-readable medium, e.g., in a test report, 
Material Safety Data Sheet (MSDS) or Certificate of Testing 
or Certificate of Analysis (CofA). 

15 
1 %, at least about 2%, at least about 3%, at least about 4%, 
at least about 5%, at least about 6%, at least about 7%, at 
least about 8%, at least about 9%, at least about 10%, at least 
about 11 %, at least about 12%, at least about 13%, at least 
about 14%, at least about 15%, at least about 16%, at least 

In another aspect, the invention features a method pro
ducing a recombinant Fe-containing polypeptide, compris
ing: culturing a cell in a medium comprising about 0.1 g/L 

20 about 17%, at least about 18%, at least about 19%, at least 
about 20%, at least about 25%, at least about 30%, at least 
about 35%, at least about 40%, at least about 45%, at least 
about 50%, or more. 

to about 10 g/L glucose under conditions in which the cell 
expresses a population of the recombinant antibody; isolat- 25 

ing the population; and measuring the level of one or more 
of KO, Kl, or K2 lysine variants of the population. In some 
embodiments, the Fe-containing polypeptide is an antibody. 

In some embodiments, the medium comprises glucose at 

In some embodiments, the method further comprises 
recording the level of KO, Kl, and/or K2 lysine variants in 
a print or computer-readable medium, e.g., in a test report, 
Material Safety Data Sheet (MSDS) or Certificate of Testing 
or Certificate of Analysis (CofA). 

In another aspect, the invention features a method pro
ducing a recombinant Fe-containing polypeptide, compris
ing: culturing a cell in a medium comprising about 5 mM to 
about 80 mM glutamine under conditions in which the cell 
expresses a population of the recombinant antibody; isolat
ing the population; and measuring the level of one or more 
of KO, Kl, or K2 lysine variants of the population. In some 
embodiments, the Fe-containing polypeptide is an antibody. 

In some embodiments, the medium comprises glutamine 
at a concentration of about 10 mM to about 30 mM. In other 
embodiments, the medium comprises glutamine at a con
centration of about 5 mM, about 10 mM, about 15 mM, 
about 20 mM, about 25 mM, about 30 mM, about 35 mM, 
about 40 mM, about 45 mM, about 50 mM, about 55 mM, 
about 60 mM, about 65 mM, about 70 mM, about 75 mM, 

a concentration of about 0.5 g/L to about 2 g/L. In some 30 

embodiments, the medium comprises glucose at a concen
tration of about 0.1 g/L to about 10 g/L, e.g., about 0.2 g/L, 
about 0.3 g/L, about 0.4 g/L, about 0.5 g/L, about 0.6 g/L, 
about 0.7 g/L, about 0.8 g/L, about 0.9 g/L, about 1 g/L, 

35 
about 1.1 g/L, about 1.2 g/L, about 1.3 g/L, about 1 .4 g/L, 
about 1.5 g/L, about 1.6 g/L, about 1.7 g/L, about 1.8 g/L, 
about 1.9 g/L, about 2 g/L, about 2.1 g/L, about 2.2 g/L, 
about 2.3 g/L, about 2.4 g/L, about 2.5 g/L, about 2.6 g/L, 
about 2.7 g/L, about 2.8 g/L, about 2.9 g/L, about 3 g/L, 40 

about 3.5 g/L, about 4 g/L, about 4.5 g/L, about 5 g/L, about 
5.5 g/L, about 6 g/L, about 6.5 g/L, about 7 g/L, about 7.5 
g/L, about 8 g/L, about 8.5 g/L, about 9 g/L, about 9.5 g/L, 
about 10 g/L, or more. In some embodiments, the glucose 
concentration is a controlled glucose concentration. 45 about 80 mM, or more. 

In some embodiments, the level of Kl lysine variants 
and/or K2 lysine variants in the population is at least about 
1 %, at least about 2%, at least about 3%, at least about 4%, 
at least about 5%, at least about 6%, at least about 7%, at 
least about 8%, at least about 9%, at least about 10%, at least 50 

about 11 %, at least about 12%, at least about 13%, at least 
about 14%, at least about 15%, at least about 16%, at least 
about 17%, at least about 18%, at least about 19%, at least 
about 20%, at least about 25%, at least about 30%, at least 
about 35%, at least about 40%, at least about 45%, at least 55 

about 50%, or more. 
In some embodiments, the method further comprises 

recording the level of KO, Kl, and/or K2 lysine variants in 
a print or computer-readable medium, e.g., in a test report, 
Material Safety Data Sheet (MSDS) or Certificate of Testing 60 

or Certificate of Analysis (CofA). 
In another aspect, the invention features a method pro

ducing a recombinant Fe-containing polypeptide, compris
ing: culturing a cell in a medium comprising about 1 mM 
NH4 Cl to about 50 mM NH4Cl under conditions in which 65 

the cell expresses a population of the recombinant antibody; 
isolating the population; and measuring the level of one or 

In some embodiments, the level of Kl lysine variants 
and/or K2 lysine variants in the population is at least about 
1 %, at least about 2%, at least about 3%, at least about 4%, 
at least about 5%, at least about 6%, at least about 7%, at 
least about 8%, at least about 9%, at least about 10%, at least 
about 11 %, at least about 12%, at least about 13%, at least 
about 14%, at least about 15%, at least about 16%, at least 
about 17%, at least about 18%, at least about 19%, at least 
about 20%, at least about 25%, at least about 30%, at least 
about 35%, at least about 40%, at least about 45%, at least 
about 50%, or more. 

In some embodiments, the method further comprises 
recording the level of KO, Kl, and/or K2 lysine variants in 
a print or computer-readable medium, e.g., in a test report, 
Material Safety Data Sheet (MSDS) or Certificate of Testing 
or Certificate of Analysis (CofA). 

In another aspect, the invention features a method pro-
ducing a recombinant Fe-containing polypeptide, compris
ing: culturing a cell in a medium comprising about 10 µM to 
about 500 µM chloroquine under conditions in which the 
cell expresses a population of the recombinant antibody; 
isolating the population; and measuring the level of one or 
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more of KO, Kl, or K2 lysine variants of the population. In 
some embodiments, the Fe-containing polypeptide is an 
antibody. 

In some embodiments, the medium comprises chloro
quine at a concentration of about 10 µM, about 20 µM, about 5 

30 µM, about 40 µM, about 50 µM, about 60 µM, about 70 
µM, about 80 µM, about 90 µM, about 100 µM, about 110 
µM, about 120 µM, about 130 µM, about 140 µM, about 150 
µM, about 160 µM, about 170 µM, about 180 µM, about 190 
µM, about 200 µM, about 210 µM, about 220 µM, about 230 10 

µM, about 250 µM, about 250 µM, about 260 µM, about 270 
µM, about 280 µM, about 290 µM, about 300 µM, about 310 
µM, about 320 µM, about 330 µM, about 340 µM, about 350 
µM, about 360 µM, about 370 µM, about 380 µM, about 390 
µM, about 400 µM, about 410 µM, about 420 µM, about 430 15 

µM, about 440 µM, about 450 µM, about 460 µM, about 470 
µM, about 480 µM, about 490 µM, about 500 µM, or more. 

In some embodiments, the level of Kl lysine variants 
and/or K2 lysine variants in the population is at least about 
1 %, at least about 2%, at least about 3%, at least about 4%, 20 

at least about 5%, at least about 6%, at least about 7%, at 
least about 8%, at least about 9%, at least about 10%, at least 
about 11 %, at least about 12%, at least about 13%, at least 
about 14%, at least about 15%, at least about 16%, at least 
about 17%, at least about 18%, at least about 19%, at least 25 

about 20%, at least about 25%, at least about 30%, at least 
about 35%, at least about 40%, at least about 45%, at least 
about 50%, or more. 

In some embodiments, the method further comprises 
recording the level of KO, Kl, and/or K2 lysine variants in 30 

a print or computer-readable medium, e.g., in a test report, 
Material Safety Data Sheet (MSDS) or Certificate of Testing 
or Certificate of Analysis (CofA). 

In another aspect, the invention features a method of 
producing a preparation of recombinant Fe-containing poly- 35 

peptides, comprising: culturing cells in a medium compris
ing one or more of: (i) about 2 g/L to about 50 g/L histidine; 
(ii) about 0.5 g/L glucose to about 2 g/L glucose; (iii) about 
2 mM to about 10 mM NH4Cl; (iv) about 5 mM to about 80 
mM glutamine; and (v) about 10 µM to about 500 µM 40 

chloroquine; under conditions in which the cells express 
recombinant antibodies; and isolating the recombinant anti
bodies from the cells or the medium to produce a preparation 
comprising a target value of KO, Kl, and/or K2 lysine 
variants of the recombinant Fe-containing polypeptides. In 45 

some embodiments, the Fe-containing polypeptides are anti
bodies. 

14 
arginine. In some embodiments, the target value is a level of 
heavy chains having a C-terminal lysine or arginine in the 
population of at least about 1 %, at least about 2%, at least 
about 3%, at least about 4%, at least about 5%, at least about 
6%, at least about 7%, at least about 8%, at least about 9%, 
at least about 10%, at least about 11 %, at least about 12%, 
at least about 13%, at least about 14%, at least about 15%, 
at least about 16%, at least about 17%, at least about 18%, 
at least about 19%, at least about 20%, at least about 25%, 
at least about 30%, at least about 35%, at least about 40%, 
at least about 45%, at least about 50%, or more. In some 
embodiments, the target value is a level of Kl lysine variants 
and/or K2 lysine variants in the population. In some embodi-
ments, the target value is a level of Kl lysine variants and/or 
K2 lysine variants in the population of at least about 1 %, at 
least about 2%, at least about 3%, at least about 4%, at least 
about 5%, at least about 6%, at least about 7%, at least about 
8%, at least about 9%, at least about 10%, at least about 
11 %, at least about 12%, at least about 13%, at least about 
14%, at least about 15%, at least about 16%, at least about 
17%, at least about 18%, at least about 19%, at least about 
20%, at least about 25%, at least about 30%, at least about 
35%, at least about 40%, at least about 45%, at least about 
50%, or more. 

In some embodiments, the method further comprises 
measuring a level of one or more of KO, Kl, or K2 lysine 
variants in the population. In some embodiments, the 
method further comprises recording the level of one or more 
of KO, Kl, or K2 lysine variants in a print or computer
readable medium, e.g., in a test report, Material Safety Data 
Sheet (MSDS) or Certificate of Testing or Certificate of 
Analysis (CofA). 

In one aspect, the invention features a method of produc
ing a recombinant polypeptide, comprising: culturing a cell 
in a medium comprising at least about 1 g/L lysine, at least 
about 1 g/L arginine, or at least 1 g/L of a combination of 
lysine and arginine, under conditions in which the cell 
expresses a recombinant polypeptide. 

In some embodiments, the method further comprises 
isolating the recombinant polypeptide. In some embodi
ments, the method further comprises measuring the level of 
lysine and/or arginine residues at the C-terminus of the 
isolated recombinant polypeptide. In some embodiments, 
the method further comprises recording the level of lysine 
and/or arginine residues in a print or computer-readable 
medium, e.g., in a test report, Material Safety Data Sheet 
(MSDS) or Certificate of Testing or Certificate of Analysis 
(CofA). 

In some embodiments, the recombinant polypeptide is a 
recombinant antibody or a recombinant Fe fusion protein. 

In another aspect, the invention features a method of 
producing a recombinant antibody or recombinant Fe fusion 
protein, comprising: culturing a cell in a medium comprising 

In some embodiments, the target value is a level of 
Fe-containing polypeptides comprising a lysine or an argi
nine residue at a carboxyl terminus. In some embodiments, 50 

the target value is a level of Fe-containing polypeptides 
comprising a lysine or an arginine residue at a carboxyl 
terminus relative to a sum of a level of Fe-containing 
polypeptides comprising a lysine or an arginine residue at a 
carboxyl terminus and a level of Fe-containing polypeptides 
not comprising a lysine or an arginine residue at a carboxyl 
terminus. In some embodiments, the level of Fe-containing 
polypeptides comprising a lysine or an arginine residue at a 
carboxyl terminus relative to the sum of the level of Fe
containing polypeptides comprising a lysine or an arginine 
residue at a carboxyl terminus and the level of Fe-containing 
polypeptides not comprising a lysine or an arginine residue 

55 at least about 1 g/L lysine, at least about 1 g/L arginine, or 
at least 1 g/L of a combination of lysine and arginine, under 
conditions in which the cell expresses a recombinant anti
body or a recombinant Fe fusion protein. 

at a carboxyl terminus is about 0.1, about 0.2, about 0.3, 
about 0.4, about 0.5, about 0.6, about 0.7, about 0.8, about 
0.9, or about 1. 

In some embodiments, the target value is a level of heavy 
chains in the population comprising a C-terminal lysine or 

In some embodiments, the method further comprises 
60 isolating the recombinant antibody or the recombinant Fe 

fusion protein. In some embodiments, the method further 
comprises measuring a level of one or more of KO, Kl, or 
K2 lysine variants in a preparation of the isolated recombi
nant antibody or the recombinant fusion protein. In some 

65 embodiments, the method further comprises recording the 
level of one or more of KO, Kl, or K2 lysine residues in a 
print or computer-readable medium, e.g., in a test report, 
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Material Safety Data Sheet (MSDS) or Certificate of Testing 
or Certificate of Analysis (CofA). 

16 
a print or computer-readable medium, e.g., in a test report, 
Material Safety Data Sheet (MSDS) or Certificate of Testing 
or Certificate of Analysis (CofA). 

In another aspect, the invention features a method of 
In another aspect, the invention features a method of 

producing a preparation of recombinant antibodies, com
prising: culturing cells in a medium comprising at least 
about 1 g/L lysine, at least about 1 g/L arginine, or at least 
1 g/L of a combination of lysine and arginine under condi
tions in which the cells express recombinant antibodies; and 
isolating the recombinant antibodies from the cells or the 
medium to produce a preparation comprising a target value 
of KO, Kl, and/or K2 lysine variants. 

5 decreasing a level of KO lysine variants and/or increasing a 
level of one or more of Kl or K2 lysine variants in a 
preparation of recombinant antibodies, comprising: cultur
ing cells in a medium comprising an amount of lysine, 
arginine, and/or a combination of lysine and arginine that is 

10 more than an amount of lysine, arginine, and/or a combi
nation of lysine and arginine in a standard medium, wherein 
the cells are cultured under conditions in which the cells 
express recombinant antibodies; and isolating the recombi-

In some embodiments, the method further comprises 
measuring the level of KO, Kl, and/or K2 lysine variants in 
the preparation. In some embodiments, the method further 
comprises recording the level of KO, Kl, and/or K2 lysine 15 

variants in a print or computer-readable medium, e.g., in a 
test report, Material Safety Data Sheet (MSDS) or Certifi
cate of Testing or Certificate of Analysis (CofA). 

In another aspect, the invention features a method of 
producing a preparation of recombinant antibodies, com- 20 

prising: culturing cells in a medium comprising at least 
about 1 g/L lysine, at least about 1 g/L arginine, or at least 
1 g/L of a combination of lysine and arginine under condi
tions in which the cells express recombinant antibodies; and 
isolating the recombinant antibodies from the cells or the 25 

medium to produce a preparation comprising at least about 
1 % of Kl and/or K2 lysine variants. 

In some embodiments, the method further comprises 
measuring the level of KO, Kl and/or K2 lysine variants and 
comparing them to a reference standard (e.g., a product 30 

description in an FDA label, a Physician's Insert, a USP 
monograph, or an EP monograph). In some embodiments, 
the method includes recording the level of KO, Kl and/or K2 
lysine variants in a print or computer-readable medium, e.g., 
in a test report, Material Safety Data Sheet (MSDS) or 35 

Certificate of Testing or Certificate of Analysis (CofA). 
In some embodiments, the method further comprises 

determining the level of Kl, and/or K2 lysine variants in the 
preparation. In some embodiments, the preparation com
prises at least about 1 %, at least about 2%, at least about 3%, 40 

at least about 4%, at least about 5%, at least about 6%, at 
least about 7%, at least about 8%, at least about 9%, at least 
about 10%, at least about 11 %, at least about 12%, at least 
about 13%, at least about 14%, at least about 15%, at least 
about 16%, at least about 17%, at least about 18%, at least 45 

about 19%, at least about 20%, at least about 25%, at least 
about 30%, at least about 35%, at least about 40%, at least 
about 45%, at least about 50%, or more, of Kl and/or K2 
lysine variants. 

In some embodiments, the method further comprises 50 

recording the level of KO, Kl, and/or K2 lysine variants in 
a print or computer-readable medium, e.g., in a test report, 
Material Safety Data Sheet (MSDS) or Certificate of Testing 
or Certificate of Analysis (CofA). 

nant antibodies, thereby decreasing the level of KO lysine 
variants and/or increasing the level of one or more of Kl or 
K2 lysine variants in the preparation relative to a preparation 
of recombinant antibodies produced from cells cultured in a 
standard medium. 

In another aspect, the invention features a method of 
decreasing a level of KO lysine variants and/or increasing a 
level of one or more of Kl or K2 lysine variants in a 
preparation of recombinant antibodies, comprising: cultur
ing cells in a medium comprising at least about 1 g/L lysine, 
at least about 1 g/L arginine, or at least 1 g/L of a combi-
nation of lysine and arginine under conditions in which the 
cells express recombinant antibodies; and isolating the 
recombinant antibodies, thereby decreasing the level of KO 
lysine variants and/or increasing the level of one or more of 
Kl or K2 lysine variants in the preparation relative to a 
preparation of recombinant antibodies not produced using a 
medium comprising at least about 1 g/L lysine, at least about 
1 g/L arginine, or at least 1 g/L of a combination of lysine 
and arginine. 

In another aspect, the invention features a method of 
culturing cells producing a recombinant antibody, compris
ing: growing cells in a medium comprising at least about 1 
g/L lysine, at least about 1 g/L arginine, or at least 1 g/L of 
a combination of lysine and arginine under conditions in 
which the cells express a recombinant antibody. 

In some embodiments, the method further comprises 
monitoring a level of one or more of KO, Kl, or K2 lysine 
variants in the culture. In some embodiments, the method 
further comprises removing the cells from the culture when 
the level of one or more of KO, Kl, or K2 lysine variants 
reaches a target value. 

In another aspect, the invention features a recombinant 
polypeptide, such as a recombinant antibody, produced by a 
method described herein. 

In another aspect, the invention features a cell culture 
medium comprising at least about 1 g/L lysine, at least about 
1 g/L arginine, or at least 1 g/L of a combination of lysine 
and arginine. 

In another aspect, the invention features a cell culture 
comprising: cells expressing recombinant antibodies; and a 
medium comprising at least about 1 g/L lysine, at least about 
1 g/L arginine, or at least 1 g/L of a combination of lysine 
and arginine. 

In some embodiments, the culture comprises a target 
value of one or more of KO, Kl, or K2 lysine variants. 

In some embodiments, the culture is a batch culture, a 
continuous culture, or a fed-batch culture. 

In another aspect, the invention features a bioreactor 
comprising a cell culture described herein. 

In another aspect, the invention features a method of 55 

producing a preparation ofrecombinant antibodies having a 
target value of one or more of KO, Kl, or K2 lysine variants, 
comprising: culturing cells in a medium comprising lysine 
and/or arginine under conditions in which the cells express 
recombinant antibodies; measuring a level of one or more of 60 

KO, Kl, or K2 lysine variants in the culture; and isolating the 
recombinant antibodies from the cells or the medium to 
produce a preparation of the recombinant antibodies when 
the level of one or more of KO, Kl, or K2 lysine variants in 
the culture is a target value. 

In some aspects described herein, the medium comprises 
65 lysine (e.g., L-lysine), arginine (e.g., L-arginine), or a com

bination of lysine (e.g., L-lysine) and arginine (e.g., L-ar
ginine ), in an amount of at least about 1.5 g/L, at least about 

In some embodiments, the method further comprises 
recording the level of KO, Kl, and/or K2 lysine variants in 
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2 g/L, at least about 2.5 g/L, at least about 3 g/L, at least 
about 3.5 g/L, at least about 4 g/L, at least about 4.5 g/L, at 
least about 5 g/L, at least about 5.5 g/L, at least about 6 g/L, 
at least about 6.5 g/L, at least about 7 g/L, at least about 7.5 
g/L, at least about 8 g/L, at least about 8.5 g/L, at least about 
9 g/L, at least about 9.5 g/L, at least about 10 g/L, at least 
about 10.5 g/L, at least about 11 g/L, at least about 11.5 g/L, 
at least about 12 g/L, at least about 12.5 g/L, at least about 
13 g/L, at least about 13. 5 g/L, at least about 14 g/L, at least 
about 14.5 g/L, at least about 15 g/L, at least about 15.5 g/L, 
at least about 16 g/L, at least about 16.5 g/L, at least about 
1 7 g/L, at least about 1 7. 5 g/L, at least about 18 g/L, at least 
about 18.5 g/L, at least about 19 g/L, at least about 19.5 g/L, 
at least about 20 g/L, at least about 25 g/L, at least about 30 
g/L, at least about 35 g/L, at least about 40 g/L, at least about 
45 g/L, at least about 50 g/L, or more. 

In other aspects, the medium comprises lysine ( e.g., 
L-lysine), arginine (e.g., L-arginine), or a combination of 
lysine (e.g., L-lysine) and arginine (e.g., L-arginine), in an 
amount of at least about 1 mM, about 2 mM, about 3 mM, 
about 4 mM, about 5 mM, about 6 mM, about 7 mM, about 

18 
conditions in which the cells express recombinant antibod
ies; isolating the recombinant antibodies from the cells or 
the medium to produce a preparation; measuring the level of 
KO, Kl, and/or K2 lysine variants of the recombinant 

5 antibodies in the preparation; and formulating the prepara
tion the preparation into a drug product if the level of KO, 
Kl, and/or K2 lysine variants is a target value. 

In some embodiments, the target value is a level of 
antibodies comprising a lysine or an arginine residue at a 

10 carboxyl terminus. In some embodiments, the target value is 
a level of antibodies comprising a lysine or an arginine 
residue at a carboxyl terminus relative to a sum of a level of 
antibodies comprising a lysine or an arginine residue at a 
carboxyl terminus and a level of antibodies not comprising 

15 a lysine or an arginine residue at a carboxyl terminus. In 
some embodiments, the level of antibodies comprising a 
lysine or an arginine residue at a carboxyl terminus relative 
to the sum of the level of antibodies comprising a lysine or 
an arginine residue at a carboxyl terminus and the level of 

20 antibodies not comprising a lysine or an arginine residue at 
a carboxyl terminus is about 0.1, about 0.2, about 0.3, about 
0.4, about 0.5, about 0.6, about 0.7, about 0.8, about 0.9, or 
about 1. 

8 mM, about 9 mM, about 10 mM, about 11 mM, about 12 
mM, about 13 mM, about 14 mM, about 15 mM, about 20 
mM, about 25 mM, about 30 mM, about 35 mM, about 40 
mM, about 45 mM, about 50 mM, about 55 mM, about 60 25 

mM, about 65 mM, about 70 mM, about 75 mM, about 80 
mM, about 85 mM, about 90 mM, about 95 mM, about 100 
mM, about 125 mM, about 150 mM, about 200 mM, about 
250 mM, about 300 mM, about 350 mM, about 400 mM, 
about 450 mM, about 500 mM, or more. 

In some embodiments, the target value is a level of heavy 
chains in the population comprising a C-terminal lysine or 
arginine. In some embodiments, the target value is a level of 
heavy chains having a C-terminal lysine or arginine in the 
population of at least about 1 %, at least about 2%, at least 
about 3%, at least about 4%, at least about 5%, at least about 

30 6%, at least about 7%, at least about 8%, at least about 9%, 
at least about 10%, at least about 11 %, at least about 12%, 
at least about 13%, at least about 14%, at least about 15%, 
at least about 16%, at least about 17%, at least about 18%, 

In another aspect, the invention features a method of 
increasing a level of KO lysine variants and/or decreasing a 
level of one or more of Kl or K2 lysine variants in a 
preparation of recombinant antibodies, comprising: cultur
ing cells in a medium comprising an amount of lysine, 35 

arginine, and/or a combination of lysine and arginine that is 
less than an amount oflysine, arginine, and/or a combination 

at least about 19%, at least about 20%, at least about 25%, 
at least about 30%, at least about 35%, at least about 40%, 
at least about 45%, at least about 50%, or more. In some 
embodiments, the target value is a level of Kl lysine variants 
and/or K2 lysine variants in the population. In some embodi
ments, the target value is a level of Kl lysine variants and/or 
K2 lysine variants in the population of at least about 1 %, at 
least about 2%, at least about 3%, at least about 4%, at least 
about 5%, at least about 6%, at least about 7%, at least about 
8%, at least about 9%, at least about 10%, at least about 
11 %, at least about 12%, at least about 13%, at least about 

of lysine and arginine in a standard medium, wherein the 
cells are cultured under conditions in which the cells express 
recombinant antibodies; and isolating the recombinant anti- 40 

bodies, thereby increasing the level of KO lysine variants 
and/or decreasing the level of one or more of Kl or K2 
lysine variants in the preparation relative to a preparation of 
recombinant antibodies produced from cells cultured in a 
standard medium. 45 14%, at least about 15%, at least about 16%, at least about 

17%, at least about 18%, at least about 19%, at least about 
20%, at least about 25%, at least about 30%, at least about 
35%, at least about 40%, at least about 45%, at least about 
50%, or more. 

In some aspects described herein, the method further 
comprises monitoring the amount of lysine, arginine, histi
dine, glucose, NH4 Cl, chloroquine, and/or glutamine in the 
medium during the culturing step, e.g., at least once, twice, 
three times or more during the culturing step. 

In some aspects described herein, the target value is a 
level set forth in a reference standard, such as a product 
specification or a quality criterion for a pharmaceutical 
preparation containing the recombinant antibody prepara
tion. For example, the product specification is a product 
description in an FDA label, a Physician's Insert, a USP 
monograph, or an EP monograph. 

In particular embodiments, the target value is a level of 
KO, Kl, and/or K2 lysine variants in a preparation of 
corresponding recombinant antibodies. 

In another aspect, the invention features a method of 
producing a preparation of recombinant antibodies, com
prising: culturing cells in a medium comprising one or more 

50 In another aspect, the invention features a method of 
manufacturing a pharmaceutical antibody preparation, com
prising: providing a target value of C-terminal lysine vari
ants for a therapeutic recombinant antibody, providing a host 
cell comprising a nucleic acid encoding a light chain and a 

55 heavy chain of a recombinant antibody, culturing the host 
cell under conditions (i) in which the cell expresses the 
encoded light chain and heavy chain to form the recombi
nant antibody and (ii) which increase the intracellular pH of 
the cell, isolating a population of the therapeutic recombi-

60 nant antibody from the cell or cell culture, and formulating 
the isolated population into a pharmaceutical drug product if 
the population comprises the provided target value of C-ter
minal lysine variants, thereby manufacturing a pharmaceu-

of: (i) about 2 g/L to about 50 g/Lhistidine; (ii) about 0.5 g/L 
glucose to about 2 g/L glucose; (iii) about 2 mM to about 10 65 

mM NH4Cl; (iv) about 5 mM to about 80 mM glutamine; 
and (v) about 10 µM to about 500 µM chloroquine; under 

tical antibody preparation. 
In some embodiments, the target value of C-terminal 

lysine variants is a preselected level of C-terminal lysine
containing heavy chains relative to the total heavy chains in 
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the population. In some embodiments, the target value of 
C-terminal lysine variants is a preselected level of Kl lysine 
variants and/or K2 lysine variants in the population. 

In some aspects described herein, the conditions in which 
cells (e.g., mammalian cells) express recombinant polypep
tides or recombinant antibodies comprise (i) a medium 
having a pH of about 6, about 6.5, about 6.6, about 6.7, about 
6.8, about 6.9, about 7, about 7.1, about 7.2, about 7.3, about 
7 .4, about 7 .5, or about 8; (ii) a temperature of about 25° C., 
about 26° C., about 27° C., about 28° C., about 29° C., about 
30° C., about 31 ° C., about 32° C., about 33° C., about 34° 
C., about 35° C., about 36° C., about 37° C., about 38° C., 
about 39° C., or about 40° C.; and/or (iii) a culture volume 
of about 100 mL, about 200 mL, about 300 mL, about 400 
mL, about 500 mL, about 600 mL, about 700 mL, about 800 
mL, about 900 mL, about 1 L, about 2 L, about 3 L, about 
5 L, about 10 L, about 20 L, about 30 L, about 40 L, about 
50 L, about 100 L, about 200 L, about 300 L, about 400 L, 
about 500 L, about 600 L, about 700 L, about 800 L, about 
900 L, about 1000 L, or more. 

In some aspects described herein, the cells are mammalian 
cells. In certain embodiments, the marmnalian cells are 
CHO, Vero, BHK, HeLa, COS, MDCK, or HEK-293 cells. 

In some aspects described herein, the recombinant anti
body is abciximab, adalimumab, alemtuzumab, basiliximab, 
bevacizumab, cetuximab, certolizumab, daclizumab, eculi
zumab, efalizumab, gemtuzumab, ibritumomab, infliximab, 
muromonab, natalizumab, omalizumab, palivizumab, pani
tumumab, ranibizumab, rituximab, tositumomab, or trastu
zumab. 

20 
acid sequence ( e.g., a polypeptide) that is substantially free 
of other components. In some embodiments, a purified 
polynucleotide or purified polypeptide is removed or sepa
rated from other components present in its natural environ-

s ment. For example, an isolated polypeptide is one that is 
separated from other components of a cell in which it was 
produced ( e.g., the endoplasmic reticulum or cytoplasmic 
proteins and RNA). An isolated polynucleotide is one that is 
separated from other nuclear components ( e.g., histones) 

10 and/or from upstream or downstream nucleic acid 
sequences. An isolated nucleic acid sequence or amino acid 
sequence can be at least 60% free, or at least 75% free, or 
at least 90% free, or at least 95% free from other components 
present in natural environment of the indicated nucleic acid 

15 sequence or amino acid sequence. 
As used herein, "polynucleotide" ( or "nucleotide 

sequence" or "nucleic acid molecule") refers to an oligo
nucleotide, nucleotide, or polynucleotide, and fragments or 
portions thereof, and to DNA and RNA of genomic or 

20 synthetic origin, which may be single- or double-stranded, 
and represent the sense or anti-sense strand. 

As used herein, "polypeptide" ( or "amino acid sequence" 
or "protein") refers to an oligopeptide, peptide, polypeptide, 
or protein sequence, and fragments or portions thereof, and 

25 to naturally occurring or synthetic molecules. "Amino acid 
sequence" and like terms, such as "polypeptide" or "pro
tein", are not meant to limit the indicated amino acid 
sequence to the complete, native amino acid sequence 

In some aspects described herein, the polypeptide is a 
30 fusion protein. In certain embodiments, the fusion protein is 

alefacept, abatacept, etanercept, rilonacept, or denileukin 
diftitox. 

associated with the recited protein molecule. 
The articles "a" and "an" are used herein to refer to one 

or to more than one (i.e., to at least one) of the grammatical 
object of the article. By way of example, "an element" 
means one element or more than one element. 

BRIEF DESCRIPTION OF THE DRAWINGS The term "pharmaceutically effective amount" or "thera-
35 peutically effective amount" refers to an amount (e.g., dose) 

effective in treating a patient, having a disorder or condition 
described herein. It is also to be understood herein that a 
"pharmaceutically effective amount" may be interpreted as 

The present teachings described herein will be more fully 
understood from the following description of various illus
trative embodiments, when read together with the accom
panying drawings. It should be understood that the drawings 
described below are for illustration purposes only and are 40 

not intended to limit the scope of the present teachings in 

an amount giving a desired therapeutic effect, either taken in 
one dose or in any dosage or route, taken alone or in 
combination with other therapeutic agents. 

any way. 
FIG. 1 is a graphic representation of the levels of Kl and 

K2 lysine residues in a preparation of a model antibody from 
cells grown in a control process, in a process supplemented 
with 10 g/L lysine, in a process supplemented with 10 g/L 
arginine, compared to levels of Kl and K2 lysine residues in 
a preparation of Humira®. 

DETAILED DESCRIPTION 

The inventors have discovered that polypeptides (e.g., 
antibodies) having targeted levels of carboxyl terminal 
(C-terminal) lysine or arginine residues can be produced 
from cells cultured in a medium having sufficient levels of 
lysine, arginine, and/or agents that change intracellular pH. 
Surprisingly, culturing the cells under such conditions does 
not affect cell growth, cell viability, or titer. The present 
disclosure encompasses polypeptides (e.g., antibodies) hav
ing targeted levels of C-terminal lysine and/or arginine 
residues, methods of making such polypeptides (e.g., anti
bodies), and methods of using such polypeptides (e.g., 
antibodies). 

DEFINITIONS 

As used herein, "purified" ( or "isolated") refers to a 
nucleic acid sequence (e.g., a polynucleotide) or an amino 

The term "treatment" or "treating", as used herein, refers 
to administering a therapy in an amount, manner, and/or 
mode effective to improve a condition, symptom, or param-

45 eter associated with a disorder or condition or to prevent or 
reduce progression of a disorder or condition, to a degree 
detectable to one skilled in the art. An effective amount, 
manner, or mode can vary depending on the subject and may 

50 

be tailored to the subject. 
The term "subject", as used herein, means any subject for 

whom diagnosis, prognosis, or therapy is desired. For 
example, a subject can be a mammal, e.g., a human or 
non-human primate (such as an ape, monkey, orangutan, or 
chimpanzee), a dog, cat, guinea pig, rabbit, rat, mouse, 

55 horse, cattle, or cow. 
As used herein, the term "antibody" refers to a polypep

tide that includes at least one immunoglobulin variable 
region, e.g., an amino acid sequence that provides an immu
noglobulin variable domain or immunoglobulin variable 

60 domain sequence. For example, an antibody can include a 
heavy (H) chain variable region (abbreviated herein as VH), 
and a light (L) chain variable region (abbreviated herein as 
VL). In another example, an antibody includes two heavy 
(H) chain variable regions and two light (L) chain variable 

65 regions. The term "antibody" encompasses antigen-binding 
fragments of antibodies ( e.g., single chain antibodies, Fab, 
F(ab')2 , Fd, Fv, and dAb fragments) as well as complete 
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antibodies, e.g., intact innnunoglobulins of types IgA, IgG, 
IgE, IgD, IgM (as well as subtypes thereof). The light chains 

22 
60%, 70%, 80%, 90% or more compared to the expression 
in a control cell. In certain instances, overexpression is 
I-fold, 2-fold, 3-fold, 4-fold, or more, higher level of 
transcription or translation compared to expression in a 

of the innnunoglobulin can be of types kappa or lambda. In 
some embodiments, an antibody includes an Fe region. In 
some embodiments, an antibody is a therapeutic antibody. 5 control cell. 

As used herein, the term "constant region" refers to a 
polypeptide that corresponds to, or is derived from, one or 
more constant region innnunoglobulin domains of an anti
body. A constant region can include any or all of the 
following innnunoglobulin domains: a CHI domain, a hinge 10 

region, a CH2 domain, a CH3 domain ( derived from an IgA, 
IgD, IgG, IgE, or IgM), and a CH4 domain ( derived from an 
IgE or IgM). 

As used herein, the term "Fe region" refers to a polypep
tide comprising the constant region of an antibody excluding 15 

the first constant region innnunoglobulin domain. "Fe 
region" refers to the last two constant region innnunoglobu-
lin domains oflgA, IgD, and IgG, and the last three constant 
region innnunoglobulin domains of IgE and IgM, and may 
also include part or all of the flexible hinge N-terminal to 20 

these domains. For IgG, "Fe region" comprises immuno
globulin domains Cganrma2 (Cy2 ) and Cgamma3 (Cy3 ) and 
the lower part of the hinge between Cganrmal (Cyl) and 
Ch Although the boundaries of the Fe region may vary, the 
human IgG heavy chain Fe region is usually defined to 25 

comprise residues starting at T223 or C226 or P230, to its 
carboxyl-terminus, wherein the numbering is according to 
the EU index as in Kabat et al. (1991, NIH Publication 
91-3242, National Technical Information Services, Spring
field, Va.). For IgA, the Fe region comprises innnunoglobu- 30 

!in domains Calpha2 (Ca2) and Calpha3 (Ca3) and the 
lower part of the hinge between Calphal (Cal) and Ca2. 

As used herein, the term "Fe-containing polypeptide" 
refers to a polypeptide comprising a dimer of two polypep
tides containing Fe regions, such as an intact antibody or 35 

Fe-receptor fusion protein. 

As used herein, "C-terminal variants" of a polypeptide 
(e.g., an antibody or an Fe-containing polypeptide) are 
versions of such polypeptide (e.g., antibody or Fe-contain
ing polypeptide) that differ in amino acid sequence only by 
the presence or absence of a particular amino acid residue at 
their carboxyl termini. In some embodiments, "C-terminal 
variants" of a polypeptide differ only by the presence or 
absence of a lysine or arginine residue at their C-termini. In 
some embodiments, "C-terminal variants" of an antibody or 
Fe-containing polypeptide are KO lysine variants, Kl lysine 
variants, K2 lysine variants, RO arginine variants, Rl argi-
nine variants, and/or R2 arginine variants. 

As used herein, "KO lysine variant", "Kl lysine variant", 
and "K2 lysine variant" of an antibody or an Fe-containing 
polypeptide are versions of such antibody or Fe-containing 
polypeptide ( e.g., polypeptide including an Fe dimer, e.g., an 
intact antibody) that differ in amino acid sequence only by 
the presence or absence of a lysine residue at their heavy 
chain carboxyl termini. A "KO lysine variant" does not have 
a lysine residue at either heavy chain C-terminus. A "Kl 
lysine variant" has a lysine residue at one heavy chain 
C-terminus. A "K2 lysine variant" has a lysine residue at 
each heavy chain C-terminus. 

As used herein, "RO arginine variant", "Rl arginine 
variant", and "R2 arginine variant" of an antibody or Fe
containing polypeptide are versions of such antibody or 
Fe-containing polypeptide ( e.g., polypeptide including an Fe 
dimer, e.g., an intact antibody) that differ in amino acid 
sequence only by the presence or absence of an arginine 
residue at their heavy chain carboxyl termini. An "RO 
arginine variant" does not have an arginine residue at either 
heavy chain C-terminus. An "Rl arginine variant" has an 
arginine residue at one heavy chain C-terminus. An "R2 
arginine variant" has an arginine residue at each heavy chain 

As used herein, the term "Fe region variant" refers to an 
analog of an Fe region that possesses one or more Fe
mediated activities described herein. This term includes Fe 
regions comprising one or more amino acid modifications 
relative to a wild type or naturally existing Fe region. For 
example, variant Fe regions can possess at least about 50% 
homology, at least about 75% homology, at least about 80% 
homology, at least about 85%, homology, at least about 90% 
homology, at least about 95% homology, or more, with a 
naturally existing Fe region. Fe region variants also include 
Fe regions comprising one or more amino acid residues 
added to or deleted from the N- or C-terminus of a wild type 

40 C-terminus. 
As used herein, "preparation" in the context of polypep

tides, fusion proteins, antibodies, or Fe-containing polypep
tides, refers to a set of individual polypeptides, fusion 
proteins, antibodies, or Fe-containing polypeptides, respec-

Fe region. 

45 tively, each of which comprises a particular amino acid 
sequence. In some embodiments, a preparation includes 
C-terminal variants of such polypeptides, fusion proteins, 
antibodies, or Fe-containing polypeptides. In some embodi
ments, individual polypeptides, fusion proteins, antibodies, 

As used herein, the terms "coupled", "linked", "joined", 
"fused", and "fusion" are used interchangeably. These terms 
refer to the joining together of two more elements or 
components by whatever means, including chemical conju
gation or recombinant means. 

50 or Fe-containing polypeptides within a preparation have 
identical amino acid sequences but differ in the presence or 
absence of a particular amino acid residue ( e.g., a lysine 
residue or an arginine residue) at a carboxyl terminus. For 
example, a "preparation of antibodies" refers to a set of 

55 antibodies that includes one or more C-terminal variants. In The terms "overexpress," "overexpression" or "overex
pressed" interchangeably refer to a protein that is transcribed 
and translated or to a nucleic acid that is transcribed at a 
detectably greater level than the level in a control cell. The 
term includes expression due to transcription, post transcrip
tional processing, translation, post-translational processing, 60 

cellular localization ( e.g., organelle, cytoplasm, nucleus, cell 
surface), and RNA and protein stability, as compared to a 
control cell. Overexpression can be detected using conven
tional techniques, e.g., for detecting mRNA (i.e., RT-PCR, 
PCR, hybridization) or proteins (i.e., ELISA, innnunohisto- 65 

chemical techniques). Overexpression can be expression in 
an amount greater than about 10%, 20%, 30%, 40%, 50%, 

some embodiments, a "preparation of antibodies" includes 
one or more of KO lysine variants, Kl lysine variants, K2 
lysine variants, RO arginine variants, Rl arginine variants, 
and R2 arginine variants. 

As used herein, a "target value" is a predetermined level 
of one or more C-terminal variants, such as KO lysine 
variants, Kl lysine variants, K2 lysine variants, RO arginine 
variants, Rl arginine variants, and/or R2 arginine variants. 
In some embodiments, a target value is an absolute value. In 
some embodiments, a target value is a relative value. In 
some embodiments, a target value is a level of C-terminal 
lysine-containing polypeptide relative to the sum oflevels of 
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C-terminal lysine-containing polypeptides and C-terminal 
lysine-free polypeptides, e.g., detected in a population of 
such polypeptides. 

In some embodiments, a "target value" is a level of heavy 
chains in a preparation of an Fe-containing polypeptide 5 

(e.g., antibody) comprising a C-terminal lysine or arginine. 
In some embodiments, a target value is a level of heavy 
chains having a C-terminal lysine or arginine in such a 
preparation of greater than about 5%, greater than about 
10%, greater than about 15%, or greater than about 20%, or 10 

more. 

24 
present disclosure are lysine and arginine, e.g., L-lysine, 
D-lysine, L-arginine, D-arginine, and derivatives and salts 
thereof. 

In some embodiments, an agent capable of directly or 
indirectly modifying pH ( e.g., intracellular pH of a cell 
described herein) ("pH modifying agent") is used to produce 
targeted levels of C-terminal variants of polypeptides ( e.g., 
antibodies). Without wishing to be bound by theory, it is 
believed that modifying, e.g., increasing, intracellular pH 
can modify, e.g., increase, levels of C-terminal lysine and/or 
arginine residues on polypeptides ( e.g., antibodies) by 
directly or indirectly modifying one or more mechanisms 
involved in regulation of C-terminal lysine and/or arginine 
residues. Such a mechanism can include, or can be inde-

In some embodiments, a "target value" is a level of Kl 
lysine variants and/or K2 lysine variants in a preparation of 
isolated recombinant Fe-containing polypeptides (e.g., anti
bodies). In some embodiments, a target value is a level of Kl 
lysine variants and/or K2 lysine variants in such a prepara
tion of greater than about 5%, greater than about 10%, 
greater than about 15%, or greater than about 20%, or more. 

15 pendent of, carboxypeptidase activity. For example, without 
wishing to be bound by theory, it is believed that increasing 
pH of intracellular compartments involved in the secretory 
pathway can increase levels of C-terminal lysine and/or 
arginine residues of a polypeptide (e.g., antibody). Accord-

As used herein, a "corresponding recombinant antibody" 
means a recombinant antibody that is the same recombinant 
antibody as a particular antibody but produced by a different 
recombinant method. For example, a corresponding recom
binant antibody can be a bioequivalent or a biosimilar 
antibody. 

20 ingly, in some embodiments, a pH modifying agent that can 
increase pH in one or more compartments of secretory 
pathway of a cell ( e.g., ER, Golgi, secretory vesicle) is used 
to increase levels of C-terminal lysine and/or arginine resi
dues of a polypeptide (e.g., an antibody), e.g., to a targeted 

25 level. 
Carboxypeptidases 

C-terminal lysine or arginine residues are often absent in 
proteins isolated from manmialian cell cultures, even though 
their presence may be expected on the basis of gene 
sequence. This discrepancy often results from the activity of 30 

one or more carboxypeptidases. The carboxypeptidase fam-
ily of exopeptidases constitute a diverse group of enzymes 
that hydrolyze carboxyl-terminal amide bonds in polypep
tides. Carboxypeptidase B is a zinc-containing exopeptidase 

35 
catalyzing a hydrolytic release of the C-terminal basic amino 
acid residues of arginine and lysine from peptides and 
proteins. Other mammalian carboxypeptidases besides car
boxypeptidase B that specifically remove terminal basic 
amino acids include carboxypeptidase H (also known as 40 

enkephalin convertase or carboxypeptidase E (Frickler et al., 
J. Mal. Endocrinol., 3: 666-673 (1989); Manser et al., 
Biochem. J., 267: 517-525 (1990)), carboxypeptidase M (EC 
3.4.17.12) (Tan et al., J. Biol. Chem., 264: 13165-13170 
(1989)), carboxypeptidase N (Tan et al., J. Biol. Chem., 265: 45 

13-19 (1990)), carboxypeptidase U, carboxypeptidase D, 
carboxypeptidase R, carboxypeptidase Z, and SCPEPl 
(Reznik et al., CMLS, Cell. Mal. Life. Sci. 58:1790-1804 
(2001)). 

Such pH modifying agents include, without limitation, 
ammonium salts (e.g., ammonium nitrate, anmionium car
bonate, ammonium acetate, ammonium methanesulfonate, 
ammonium tolylsulfonate, ammonium chloride, anmionium 
bromide, ammonium sulfate, or ammonium phosphate), 
basic amino acids ( e.g., lysine, arginine, and/or histidine), 
polar amino acids (e.g., glutamine, asparagine, serine, or 
threonine), glucose, chloroquine, methylamine, tributylam
ine, benzylamine, and triethylamine. 

In some embodiments, an activator or an inhibitor of a 
carboxypeptidase is also a pH modifying agent. For 
example, lysine and/or arginine can inhibit a carboxypepti
dase and can also increase intracellular pH. Without wishing 
to be bound by theory, such agents can increase levels of 
C-terminal lysine and/or arginine residues of a polypeptide 
(e.g., antibody), to a targeted level, by inhibiting a carboxy-
peptidase, by increasing intracellular pH, or both. 

As described herein, carboxypeptidase activators, car
boxypeptidase inhibitors, and/or pH modifying agents, are 
used to produce targeted levels of C-terminal variants of 
polypeptides (e.g., antibodies). In particular instances, KO 
lysine variants, Kl lysine variants, K2 lysine variants, RO 
arginine variants, Rl arginine variants, and/or R2 arginine 
variants of antibodies are produced. For example, carboxy-

Agents for C-Terminal Modification of Polypeptides 50 peptidase inhibitors (e.g., arginine and/or lysine), carboxy
peptidase activators, and/or pH modifying agents are used to 
prepare targeted levels of KO lysine variants, Kl lysine 
variants, K2 lysine variants, RO arginine variants, Rl argi-

In some embodiments, an activator or an inhibitor of a 
carboxypeptidase is used to produce targeted levels of 
C-terminal variants of polypeptides (e.g., antibodies). Acti
vators and inhibitors of various carboxypeptidases are 
known. Exemplary, nonlimiting activators for carboxypep- 55 

tidase E and/or M include Co2+, Zn2+, NiCl2 , Na2 SO4 , KC!, 
NaNO3 , NaCl, and KNO3 . Inhibitors for these enzymes 
include, but are not limited to, 1,10-phenanthroline; 4-chlo
romercuriphenylsulfonate; aminopropylmercaptosuccinic 
acid; arginine; CdCl2 (Cd compounds); CuCl2 ; EDTA; 60 

FeSO4 ; Guanidinoethylmercaptosuccinic acid (GEMSA); 
HgCl2 ; Leu-enkephalin; luteinizing hormone-releasing hor
mone; lysine; Met-enkephalin; Met-Enkephalin-Arg-Gly
Leu; oxytocin; p-chloromercuriphenyl sulfonate; Substance 
P; sulfhydryl reagents; thyrotropin-releasing hormone; 65 

[Leu5]Enkephalin-Arg6; [Met5]Enkephalin-Arg6; and Met
Enkephalin-Arg6-Phe7. Particular inhibitors useful in the 

nine variants, and/or R2 arginine variants. 
Cells 

Any host cell that can be used to express a polypeptide of 
interest (e.g., an antibody) can be used in the methods 
described herein. The cells can contain a recombinant 
nucleic acid sequence, e.g., a gene, that encodes a polypep
tide of interest ( e.g., an antibody). For example, useful cells 
can express a recombinant polypeptide. Recombinant 
expression of a gene encoding a polypeptide, can include 
construction of an expression vector containing a polynucle
otide that encodes the polypeptide. Once a polynucleotide 
has been obtained, a vector for the production of the 
polypeptide can be produced by recombinant DNA technol
ogy using techniques known in the art. Known methods can 
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be used to construct expression vectors containing polypep
tide coding sequences and appropriate transcriptional and 
translational control signals. These methods include, for 
example, in vitro recombinant DNA techniques, synthetic 
techniques, and in vivo genetic recombination. 

An expression vector can be transferred to a host cell by 
conventional techniques, and the transfected cells can then 
cultured by conventional techniques to produce polypeptide. 
A variety of host expression vector systems can be used (see, 
e.g., U.S. Pat. No. 5,807,715). Such host-expression systems 
can be used to produce polypeptides (e.g., antibodies) and, 
where desired, subsequently purified. Such host expression 
systems include, but are not limited to, yeast ( e.g., Saccha
romyces and Pichia) transformed with recombinant yeast 
expression vectors contammg polypeptide coding 
sequences; insect cell systems infected with recombinant 
virus expression vectors (e.g., baculovirus) containing poly
peptide coding sequences; plant cell systems infected with 
recombinant virus expression vectors ( e.g., cauliflower 
mosaic virus, CaMV; tobacco mosaic virus, TMV) or trans
formed with recombinant plasmid expression vectors ( e.g., 
Ti plasmid) containing polypeptide coding sequences; or 
mammalian cell systems (e.g., COS, CHO, BHK, 293, NS0, 
and 3T3 cells) harboring recombinant expression constructs 
containing promoters derived from the genome of mamma
lian cells (e.g., metallothionein promoter) or from mamma
lian viruses ( e.g., the adenovirus late promoter; the vaccinia 
virus 7.5K promoter). 

For expression in mammalian host cells, viral-based 
expression systems can be utilized (see, e.g., Logan et al., 
1984, Proc. Natl. Acad. Sci. USA 8:355-359). The efficiency 
of expression can be enhanced by the inclusion of appro
priate transcription enhancer elements, transcription termi
nators, etc. (see, e.g., Bittner et al., 1987, Methods in 
Enzymol. 153:516-544). 

In addition, a host cell strain can be chosen that modulates 
the expression of the inserted sequences, or modifies and 
processes the gene product in the specific fashion desired. 
Different host cells have characteristic and specific mecha
nisms for the post-translational processing and modification 

26 
cells (U.S. Pat. No. 5,721,121); monkey kidney CVI cells 
transformed by SV40 (COS cells, COS-7, ATCC CRL-
1651 ); human embryonic kidney cells ( e.g., 293 cells, or 293 
cells subcloned for growth in suspension culture, Graham et 

5 al., 1977, J. Gen. Viral., 36:59); baby hamster kidney cells 
(BHK, ATCC CCL-10); monkey kidney cells (CVI, ATCC 
CCL-70); African green monkey kidney cells (VERO-76, 
ATCC CRL-1587; VERO, ATCC CCL-81); mouse sertoli 
cells (TM4, Mather, 1980, Biol. Reprod., 23:243-251); 

10 human cervical carcinoma cells (HELA, ATCC CCL-2); 
canine kidney cells (MDCK, ATCC CCL-34); human lung 
cells (W138, ATCC CCL-75); human hepatoma cells (HEP
G2, HB 8065); mouse mammary tumor cells (MMT 060562, 
ATCC CCL-51); buffalo rat liver cells (BRL 3A, ATCC 

15 CRL-1442); TRI cells (Mather, 1982, Ann. NY Acad. Sci., 
383:44-68); MCR 5 cells; and FS4 cells. 

For long-term, high-yield production ofrecombinant pro
teins, host cells are engineered to stably express a polypep
tide (e.g., antibody). Host cells can be transformed with 

20 DNA controlled by appropriate expression control elements 
known in the art, including promoter, enhancer, sequences, 
transcription terminators, polyadenylation sites, and select
able markers. Methods commonly known in the art of 
recombinant DNA technology can be used to select a desired 

25 recombinant clone. 
Once a polypeptide described herein ( e.g., an antibody 

described herein) has been produced by recombinant expres
sion, it may be purified by any method known in the art for 
purification, for example, by chromatography ( e.g., ion 

30 exchange, affinity, and sizing colunm chromatography), cen
trifugation, differential solubility, or by any other standard 
technique for the purification of proteins. For example, an 
antibody can be isolated and purified by appropriately 
selecting and combining affinity colunms such as Protein A 

35 colurmi with chromatography colunms, filtration, ultra fil
tration, salting-out and dialysis procedures (see Antibodies: 
A Laboratory Manual, Ed Harlow, David Lane, Cold Spring 
Harbor Laboratory, 1988). Further, as described herein, a 
polypeptide (e.g., an antibody) can be fused to heterologous 

40 polypeptide sequences to facilitate purification. Polypep
tides having desired sugar chains can be separated with a 
lectin colurmi by methods known in the art (see, e.g., WO 
02/30954). 

of proteins and gene products. Appropriate cell lines or host 
systems can be chosen to ensure the correct modification and 
processing of the polypeptide (e.g., antibody) expressed. 
Such cells include, for example, established mammalian cell 
lines and insect cell lines, animal cells, fungal cells, and 
yeast cells. Mammalian host cells include, but are not 
limited to, CHO, Vero, BHK, HeLa, COS, MDCK, HEK-
293, NIH-3T3, W138, BT483, Hs578T, HTB2, BT20, 
T47D, NS0 (a murine myeloma cell line that does not 
endogenously produce any immunoglobulin chains), 
CRL7O3O, HsS78Bst cells, PER.C6, SP2/0-Ag14, and 
hybridoma cells. Additional, nonlimiting examples of ani
mal or mannnalian host cells include Chinese hamster ovary 
cells (CHO), such as CHO-Kl (ATCC CCL-61), DG44 
(Chasin et al., 1986, Som. Cell Malec. Genet., 12:555-556; 
and Kolkekar et al., 1997, Biochem., 36: 10901-10909), 
CHO-DXBll (G. Urlaub and L.A. Chasin, l980Proc. Natl. 
Acad. Sci., 77: 4216-4220. L. H. Graf, and L. A. Chasin 
1982, Malec. Cell. Biol., 2: 93-96). CHO-Kl Tet-On cell 
line (Clontech), CHO designated ECACC 85050302 
(CAMR, Salisbury, Wiltshire, UK), CHO clone 13 (GEIMG, 
Genova, IT), CHO clone B (GEIMG, Genova, IT), CHO
Kl/SF designated ECACC 93061607 (CAMR, Salisbury, 
Wiltshire, UK), RR-CHOKl designated ECACC 92052129 
(CAMR, Salisbury, Wiltshire, UK), dihydrofolate reductase 65 

negative CHO cells (CHO/-DHFR, Urlaub and Chasin, 
1980, Proc. Natl. Acad. Sci. USA, 77:4216), and dp12.CHO 

In accordance with the present disclosure, there may be 
45 employed conventional molecular biology, microbiology, 

and recombinant DNA techniques within the skill of the art. 
Such techniques are described in the literature (see, e.g., 
Sambrook, Fritsch & Maniatis, Molecular Cloning: A Labo
ratory Manual, Second Edition (1989) Cold Spring Harbor 

50 Laboratory Press, Cold Spring Harbor, N.Y.; DNA Cloning: 
A Practical Approach, Volumes I and II (D. N. Glover ed. 
1985); Oligonucleotide Synthesis (M. J. Gait ed. 1984); 
Nucleic Acid Hybridization (B. D. Hames & S. J. Higgins 
eds. (1985)); Transcription And Translation (B. D. Hames & 

55 S. J. Higgins, eds. (1984)); Animal Cell Culture (R. I. 
Freshney, ed. (1986)); Immobilized Cells and Enzymes (IRL 
Press, (1986)); B. Perbal, A Practical Guide To Molecular 
Cloning (1984); F. M. Ausubel et al. (eds.), Current Proto
cols in Molecular Biology, John Wiley & Sons, Inc. (1994). 

60 Culture Methods 
In general, targeted levels of C-terminal variants of poly

peptides ( e.g., antibodies), can be produced by cells cultured 
in media that contains one or more carboxypeptidase acti
vators, carboxypeptidase inhibitors, and/or pH modifying 
agents. For example, for producing a preparation of C-ter
minal variants of a polypeptide (e.g., antibody) having a 
reduced level of C-terminal lysine and/or arginine residues, 
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cells expressing such polypeptides can be cultured in a 
medium that includes an elevated level of a carboxypepti
dase activator, a reduced level of a carboxypeptidase inhibi-
tor (e.g., arginine or lysine), and/or that includes an agent 
that reduces intracellular pH. In some embodiments for 5 

producing a preparation of C-terminal variants of polypep
tides (e.g., antibodies) having a higher level of C-terminal 
lysine and/or arginine residues, cells expressing such poly
peptides can be cultured in a medium that contains an 
elevated level of a carboxypeptidase inhibitor ( e.g., arginine 10 

or lysine), a reduced level of a carboxypeptidase activator, 
and/or that includes an agent that increases intracellular pH. 

As used herein, an "elevated level" of a component means 
a higher concentration of a component than is present in a 
standard medium, and/or that is present in a medium in 15 

which a polypeptide is produced. In some embodiments, a 
component is not present in a standard medium, and an 
"elevated level" is any amount of such component. A 
medium can include an elevated level of a component 
initially (i.e., at the start of a culture), or a starting medium 20 

can be supplemented with a component to achieve an 
elevated level of the component at a particular time or times 
during culturing. For example, the starting medium can 
include at least about 2 g/L arginine, at least about 2 g/L 
lysine, or at least about 2 g/L of a combination of arginine 25 

and lysine. 
As used herein, a "reduced level" of a component means 

a lower concentration of a component than is present in a 
standard medium, and/or that is present in a medium in 
which a polypeptide is produced. A medium can include a 30 

reduced level of a component initially (i.e., at the start of a 
culture), a starting medium can be diluted at a particular time 
or times during culturing to reduce the level of a component, 
or a starting medium can be replaced with a medium having 
a reduced level of a component at a particular time or times 35 

during culturing. 
In some embodiments, a polypeptide (e.g., antibody) 

preparation having targeted values of C-terminal variants is 
produced by culturing a cell expressing the polypeptide 
(e.g., antibody) under conditions that increase intracellular 40 

pH of the cell, e.g., that increase pH of one or more secretory 
compartments of the cell described herein. Intracellular pH 
can be measured using known methods, e.g., by using a 
pH-sensitive green fluorescent protein (see, e.g., Tomkins et 
al., Am. J. Phys. Cell Physiol. 283:C429-37 (2002); Black- 45 

more et al., J. Physol. 531:605-617 (2001); Miesenbock et 
al., Nature 394:192-195 (1998)). In some embodiments, 
intracellular pH is increased using a pH modulating agent, 
e.g., an agent described herein. In some embodiments, 
intracellular pH (e.g., pH of a secretory compartment) is 50 

increased by at least about 10%, at least about 20%, at least 
about 30%, at least about 40%, at least about 50%, at least 
about 60%, at least about 70%, at least about 80%, at least 
about 90%, at least about 100%, or more. In some embodi
ments, intracellular pH (e.g., pH of a secretory compart- 55 

ment) is increased by a value ofat least about 0.1, 0.2, 0.3, 
0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 
1.8, 1.9, 2, 2.1, 2.2, 2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9, 3, or more. 

In some embodiments, a polypeptide (e.g., antibody) 
preparation having targeted values of C-terminal variants is 60 

produced by culturing a cell expressing the polypeptide 
(e.g., antibody) in a medium having an elevated level of an 
ammonium salt (e.g., NH4Cl). In some embodiments, a 
medium contains NH4Cl at a concentration of about 1 mM 
to about 30 mM, e.g., about 1 mM, about 2 mM, about 3 65 

mM, about 4 mM, about 5 mM, about 6 mM, about 7 mM, 
about 8 mM, about 9 mM, about 10 mM, about 11 mM, 

28 
about 12 mM, about 13 mM, about 14 mM, about 15 mM, 
about 16 mM, about 17 mM, about 18 mM, about 19 mM, 
about 20 mM, about 25 mM, about 30 mM, about 40 mM, 
about 50 mM, or more. 

In some embodiments, a polypeptide (e.g., antibody) 
preparation having targeted values of C-terminal variants is 
produced by culturing a cell expressing the polypeptide 
(e.g., antibody) in a medium having an elevated level of 
chloroquine. In some embodiments, a medium contains 
chloroquine at a concentration of about 10 µM to about 500 
µM, e.g., about 10 µM, about 20 µM, about 30 µM, about 40 
µM, about 50 µM, about 60 µM, about 70 µM, about 80 µM, 
about 90 µM, about 100 µM, about 110 µM, about 120 µM, 
about 130 µM, about 140 µM, about 150 µM, about 160 µM, 
about 170 µM, about 180 µM, about 190 µM, about 200 µM, 
about 210 µM, about 220 µM, about 230 µM, about 250 µM, 
about 250 µM, about 260 µM, about 270 µM, about 280 µM, 
about 290 µM, about 300 µM, about 310 µM, about 320 µM, 
about 330 µM, about 340 µM, about 350 µM, about 360 µM, 
about 370 µM, about 380 µM, about 390 µM, about 400 µM, 
about 410 µM, about 420 µM, about 430 µM, about 440 µM, 
about 450 µM, about 460 µM, about 470 µM, about 480 µM, 
about 490 µM, about 500 µM, or more. 

In some embodiments, a polypeptide (e.g., antibody) 
preparation having targeted values of C-terminal variants of 
such polypeptide (e.g., antibody) is produced by culturing a 
cell expressing the polypeptide ( e.g., antibody) in a medium 
having an elevated level of methylamine, tributylamine, 
benzylamine, and/or triethylamine. In some embodiments, a 
medium contains methylamine, tributylamine, benzylamine, 
triethylamine, or a combination thereof, at a concentration of 
about 10 µM to about 3 mM, e.g., about 10 µM, about 50 
µM, about 100 µM, about 150 µM, about 200 µM, about 250 
µM, about 300 µM, about 350 µM, about 400 µM, about 450 
µM, about 500 µM, about 550 µM, about 600 µM, about 650 
µM, about 750 µM, about 800 µM, about 850 µM, about 900 
µM, about 950 µM, about 1 mM, about 1.25 mM, about 1.5 
mM, about 1.75 Mm, about 2 mM, about 2.25 mM, about 2.5 
mM, about 2.75 mM, about 3 mM, or more. 

In some embodiments, a polypeptide (e.g., antibody) 
preparation having targeted values of C-terminal variants is 
produced by culturing a cell expressing the polypeptide 
(e.g., antibody) in a medium having an elevated level 
glucose. In some embodiments, a medium contains glucose 
at a concentration of about 0.1 g/L to about 10 g/L, e.g., 
about 0.2 g/L, about 0.3 g/L, about 0.4 g/L, about 0.5 g/L, 
about 0.6 g/L, about 0.7 g/L, about 0.8 g/L, about 0.9 g/L, 
about 1 g/L, about 1.1 g/L, about 1.2 g/L, about 1.3 g/L, 
about 1 .4 g/L, about 1.5 g/L, about 1.6 g/L, about 1.7 g/L, 
about 1.8 g/L, about 1.9 g/L, about 2 g/L, about 2.1 g/L, 
about 2.2 g/L, about 2.3 g/L, about 2.4 g/L, about 2.5 g/L, 
about 2.6 g/L, about 2.7 g/L, about 2.8 g/L, about 2.9 g/L, 
about 3 g/L, about 3.5 g/L, about 4 g/L, about 4.5 g/L, about 
5 g/L, about 5.5 g/L, about 6 g/L, about 6.5 g/L, about 7 g/L, 
about 7.5 g/L, about 8 g/L, about 8.5 g/L, about 9 g/L, about 
9.5 g/L, about 10 g/L, or more. 

In some embodiments, a polypeptide (e.g., antibody) 
preparation having targeted values of C-terminal variants is 
produced by culturing a cell expressing the polypeptide 
(e.g., antibody) in a medium having an elevated level of 
histidine, lysine, arginine, or a combination of histidine, 
lysine, and/or arginine. In some embodiments, a medium 
contains histidine, lysine, arginine, or a combination of 
histidine, lysine, and/or arginine, at a concentration of about 
1 g/L to about 50 g/L, for example, at least about 1 g/L, at 
least about 1.5 g/L, at least about 2 g/L, at least about 2.5 
g/L, at least about 3 g/L, at least about 3.5 g/L, at least about 
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4 g/L, at least about 4.5 g/L, at least about 5 g/L, at least 
about 5.5 g/L, at least about 6 g/L, at least about 6.5 g/L, at 
least about 7 g/L, at least about 7.5 g/L, at least about 8 g/L, 
at least about 8.5 g/L, at least about 9 g/L, at least about 9.5 
g/L, at least about 10 g/L, at least about 10.5 g/L, at least 5 

about 11 g/L, at least about 11.5 g/L, at least about 12 g/L, 

30 
In general, cell culture methods are classified as batch 

culture, continuous culture, and fed-batch culture. Any of 
these culture methods can be used to grow cells that produce 
targeted levels of C-terminal variants. 

In batch culture, a small amount of seed culture solution 
is added to a medium and cells are grown without any 
addition of a new medium or discharge of the culture 
solution during the culture. For the production of targeted 
levels of C-terminal variants using batch culture, the 

at least about 12.5 g/L, at least about 13 g/L, at least about 
13.5 g/L, at least about 14 g/L, at least about 14.5 g/L, at 
least about 15 g/L, at least about 15.5 g/L, at least about 16 
g/L, at least about 16.5 g/L, at least about 17 g/L, at least 
about 17.5 g/L, at least about 18 g/L, at least about 18.5 g/L, 
at least about 19 g/L, at least about 19.5 g/L, at least about 
20 g/L, at least about 25 g/L, at least about 30 g/L, at least 
about 35 g/L, at least about 40 g/L, at least about 45 g/L, at 
least about 50 g/L, or more. 

10 medium comprises an elevated level or a reduced level of 
one or more carboxypeptidase activator(s), one or more 
carboxypeptidase inhibitor(s), and/or one or more a pH 
modifying agents from an initial stage of the cell culture. 

In some embodiments, a polypeptide (e.g., antibody) 

In some embodiments, a polypeptide (e.g., antibody) 
preparation having targeted values of C-terminal variants is 
produced by culturing a cell expressing the polypeptide 
(e.g., antibody) in a medium having an elevated level of 
glutamine. In some embodiments, a medium contains glu
tamine at a concentration of about 5 mM to about 80 mM, 
e.g., about 5 mM, about 10 mM, about 15 mM, about 20 
mM, about 25 mM, about 30 mM, about 35 mM, about 40 
mM, about 45 mM, about 50 mM, about 55 mM, about 60 
mM, about 65 mM, about 70 mM, about 75 mM, about 80 
mM, or more. 

15 preparation having targeted values of C-terminal variants is 
produced by batch culture of cells expressing the polypep
tide in a medium having at least about 2 g/L arginine, at least 
about 2 g/L lysine, at least about 2 g/L of histidine, at least 
about 2 g/L of a combination of arginine, lysine and/or 

20 histidine, at least about 5 mM NH4Cl, about 10 µM to about 
500 µM chloroquine, about 10 mM to about 30 mM gluta
mine, and/or about 0.5 g/L to about 2 g/L glucose. 

Continuous culture is a culture method in which a 
medium is added and discharged continuously during the 

25 culture. This continuous method includes perfusion culture. 
For example, in the production of targeted levels of C-ter
minal variants using continuous culture, the medium added 
during the culture can have an elevated level or a reduced 
level of one or more carboxypeptidase activator(s), one or 

Cells can be cultured in a variety of cell culture media 
known in the art, which are modified according to the 
disclosure to include one or more carboxypeptidase activa
tors, one or more carboxypeptidase inhibitors, and/or one or 
more pH modifying agents ( e.g., at an elevated or reduced 
level) described herein. Cell culture medium is understood 
by those of skill in the art to refer to a nutrient solution in 
which cells, such as animal or mammalian cells, are grown. 

30 more carboxypeptidase inhibitor(s), and/or one or more pH 
modifying agents. In certain methods, the initial culture 
medium does not include an elevated level or a reduced level 
of one or more carboxypeptidase activator(s), one or more 

A cell culture medium generally includes one or more of the 35 

following components: an energy source (e.g., a carbohy
drate such as glucose); amino acids; vitamins; lipids or free 
fatty acids; and trace elements, e.g., inorganic compounds or 
naturally occurring elements in the micromolar range. Cell 
culture medium can also contain additional components, 40 

such as hormones and other growth factors ( e.g., insulin, 
transferrin, epidermal growth factor, serum, and the like); 
salts ( e.g., calcium, magnesium and phosphate); buffers 
(e.g., HEPES); nucleosides and bases (e.g., adenosine, thy
midine, hypoxanthine); antibiotics (e.g., gentamycin); and 45 

cell protective agents ( e.g., a Pluronic polyol (Pluronic 
F68)). 

Media that has been prepared or commercially available 
can be modified according to the present disclosure for 
utilization in the methods described herein. Nonlimiting 50 

examples of such media include Minimal Essential Medium 
(MEM, Sigma, St. Louis, Mo.); Ham's Fl0 Medium 
(Sigma); Dulbecco's Modified Eagles Medium (DMEM, 
Sigma); RPM 1-1640 Medium (Sigma); HyClone cell cul
ture medium (HyClone, Logan, Utah); Power CHO2 (Lonza 55 

Inc., Allendale, N.J.); and chemically-defined (CD) media, 
which are formulated for particular cell types, e.g., CD-CHO 
Medium (Invitrogen, Carlsbad, Calif.). Culture medium 
suitable for the particular cells being cultured can be deter
mined by a person of ordinary skill in the art without undue 60 

experimentation. 
Cell culture conditions (including pH, 0 2 , CO2 , and 

temperature) suitable for cellular production of polypeptides 
described herein ( e.g., antibodies) are those that are known 
in the art, such as conditions for batch, continuous, or 65 

fed-batch culturing of cells. For example, pH of cell culture 
medium is generally maintained at about 6.8 to about 7.6. 

carboxypeptidase inhibitor(s), and/or one or more pH modi
fying agents, but at a particular time point during the 
continuous culture (such as during production phase), the 
medium added during the culture is elevated or reduced in 
the level of one or more carboxypeptidase activator(s), one 
or more carboxypeptidase inhibitor(s), and/or one or more 
pH modifying agents. 

In some embodiments, a polypeptide (e.g., antibody) 
preparation having targeted values of C-terminal variants is 
produced by continuous culture of cells expressing the 
polypeptide in a medium having at least about 2 g/L argi
nine, at least about 2 g/L lysine, at least about 2 g/L of 
histidine, at least about 2 g/L of a combination of arginine, 
lysine and/or histidine, at least about 5 mM NH4 Cl, about 10 
µM to about 500 µM chloroquine, about 10 mM to about 30 
mM glutamine, and/or about 0.5 g/L to about 2 g/L glucose. 

Fed-batch culture is a method between batch culture and 
continuous culture. In a fed-batch culture, a medium is fed 
continuously or sequentially during the culture, but unlike 
the continuous culture, discharge of the culture solution is 
not carried out during the culture. For example, for the 
production of targeted levels of C-terminal variants using 
fed-batch culture, the medium added during the culture can 
have an elevated level or a reduced level of one or more 
carboxypeptidase activators, one or more carboxypeptidase 
inhibitors, and/or one or more pH modifying agents. 

In some embodiments, a polypeptide (e.g., antibody) 
preparation having targeted values of C-terminal variants is 
produced by adding medium to a fed batch culture of cells 
expressing the polypeptide sufficient to achieve at least 
about 2 g/L arginine, at least about 2 g/L lysine, at least 
about 2 g/L of histidine, at least about 2 g/L of a combination 
of arginine, lysine and/or histidine, at least about 5 mM 
NH4 Cl, about 10 µM to about 500 µM chloroquine, about 10 
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mM to about 30 mM glutamine, and/or about 0.5 g/L to 
about 2 g/L glucose, in the culture medium. 

32 
The term "Fe fragment", as used herein, refers to one or 

more fragments of an Fe region that retains an Fe function 
and/or activity, such as binding to an Fe receptor. Examples 
of such fragments include fragments that include an 

According to the present disclosure, cell culture can be 
carried out under conditions for the large or small scale 
production of polypeptides ( e.g., antibodies), using culture 
vessels and/or culture apparatuses that are conventionally 
employed for animal or mammalian cell culture. For 
example, tissue culture dishes, T-flasks, shaker flasks, and 
spinner flasks can be used on a laboratory scale. For cul
turing on a larger scale (e.g., 500 L, 5000 L, or more), a 
fluidized bed bioreactor, a hollow fiber bioreactor, a roller 
bottle culture, or a stirred tank bioreactor system can be used 
(e.g., as described in U.S. Pat. Nos. 7,541,164 and 7,332, 
303). 

5 N-linked glycosylation site of an Fe region (e.g., an Asn297 
of an IgG heavy chain or homologous sites of other antibody 
isotypes ), such as a CH2 domain. The term "antigen binding 
fragment" of an antibody, as used herein, refers to one or 
more fragments of an antibody that retain the ability to 

10 specifically bind to an antigen. Examples of binding frag
ments encompassed within the term "antigen binding frag
ment" of an antibody include a Fab fragment, a F(ab')2 

fragment, a Fd fragment, a Fv fragment, a scFv fragment, a 
dAb fragment (Ward et al., (1989) Nature 341 :544-546), and 

In particular methods, the level of C-terminal variants in 15 an isolated complementarity determining region (CDR). 
a preparation of polypeptides ( e.g., antibodies) is monitored 
during a particular cell culture, thereby allowing adjustment 
(e.g., increasing or decreasing the amount of one or more 
carboxypeptidase inhibitors, one or more carboxypeptidase 
activators, and/or one or more pH modifying agents in the 20 

culture) or possibly termination of the culture in order, for 
example, to achieve a target level of C-terminal variants. 
Polypeptides 

These antibody fragments can be obtained using conven
tional techniques known to those with skill in the art, and the 
fragments can be screened for utility in the same marmer as 
are intact antibodies. 

Antibodies or fragments of the compositions and methods 
described herein can be produced by any method known in 
the art for the synthesis of antibodies (see, e.g., Harlow et al., 
Antibodies: A Laboratory Manual, (Cold Spring Harbor 
Laboratory Press, 2nd ed. 1988); Brinkman et al., 1995, J. The methods described herein can be used to produce any 

polypeptide of interest, such as an antibody, an Fe-contain
ing polypeptide, and/or a fusion protein. 

25 Immunol. Methods 182:41-50; WO 92/22324; WO 
98/46645). Chimeric antibodies can be produced using the 
methods described in, e.g., Morrison, 1985, Science 229: 
1202, and humanized antibodies by methods described in, 

The basic structure of an IgG antibody consists of two 
identical light polypeptide chains and two identical heavy 
polypeptide chains linked together by disulfide bonds. The 
first domain located at the amino terminus of each chain is 30 

variable in amino acid sequence, providing the antibody 
binding specificities found in each individual antibody. 
These are known as variable heavy (VH) and variable light 
(VL) regions. The other domains of each chain are relatively 
invariant in amino acid sequence and are known as constant 35 

heavy (CH) and constant light (CL) regions. For an IgG 
antibody, the light chain includes one variable region (VL) 
and one constant region (CL). An IgG heavy chain includes 

e.g., U.S. Pat. No. 6,180,370. 
Additional antibodies of the compositions and methods 

described herein are bispecific antibodies and multivalent 
antibodies, as described in, e.g., Segal et al., J. Immunol. 
Meth. 248:1-6 (2001); and Tutt et al., J. Immunol. 147: 60 
(1991). 

Fe-containing polypeptides include, without limitation, 
fusion proteins, e.g., Fe regions or Fe fragments conjugated 
or fused to one or more heterologous moieties. Heterologous 
moieties include, but are not limited to, peptides, polypep
tides, proteins, fusion proteins, nucleic acid molecules, small a variable region (VH), a first constant region (CHI), a hinge 

region, a second constant region (CH2), and a third constant 
region (CH3). In IgE and IgM antibodies, the heavy chain 
includes an additional constant region (CH4). 

The nucleic acid sequences encoding antibodies and Fe
containing polypeptides typically encode a lysine residue at 
the C-terminus of the heavy chains. C-terminal lysines, 
however, are often absent, or are present at reduced levels, 

40 molecules, mimetic agents, synthetic drugs, inorganic mol
ecules, and organic molecules. In some instances, an Fe
containing polypeptide is or includes a fusion protein com
prising a peptide, polypeptide, protein scaffold, scFv, dsFv, 
diabody, Tandab, or an antibody mimetic fused to an Fe 

45 region, such as a glycosylated Fe region. The fusion protein 
can include a linker region connecting the Fe region to the 
heterologous moiety (see, e.g., Hallewell et al. (1989), J. 
Biol. Chem. 264, 5260-5268; Alfthan et al. (1995) Protein 

in antibodies and Fe-containing polypeptides isolated from 
mammalian cell cultures. In some embodiments, the present 
methods can increase the amount of lysine residues on 
antibodies or Fe-containing polypeptides in an antibody 50 

preparation or a preparation of Fe-containing polypeptides. 

Eng. 8:725-731 ). 
In some instances, an Fe-containing polypeptide is or 

includes an Fe region conjugated to a heterologous poly
peptide of at least 10, at least 20, at least 30, at least 40, at 
least 50, at least 60, at least 70, at least 80, at least 90 or at 
least 100 amino acids. In some instances, an Fe-containing 

As used herein, "KO" means an antibody or Fe-containing 
polypeptide not having a lysine residue on either heavy 
chain C-terminus. As used herein, "Kl" means an antibody 
or Fe-containing polypeptide having a lysine residue on one 
heavy chain C-terminus. As used herein, "K2" means an 
antibody or Fe-containing polypeptide having a lysine resi
due on each heavy chain C-terminus. 

55 polypeptide is or includes an Fe region (or an Fe fragment) 
conjugated to a marker sequence, such as a peptide to 
facilitate purification. A particular marker amino acid 
sequence is a hexa-histidine peptide, such as the tag pro
vided in a pQE vector (QIAGEN, Inc., 9259 Eton Avenue, Antibodies can include, for example, monoclonal anti

bodies, polyclonal antibodies, multispecific antibodies, 
human antibodies, humanized antibodies, camelized anti
bodies, chimeric antibodies, single-chain Fvs (scFv), disul
fide-linked Fvs (sdFv), and anti-idiotypic (anti-Id) antibod
ies, and antigen-binding fragments of any of the above. 
Antibodies can be of any type ( e.g., IgG, IgE, IgM, IgD, IgA 65 

and IgY), class (e.g., IgGl, IgG2, IgG3, IgG4, IgAl and 
IgA2) or subclass. 

60 Chatsworth, Calif., 91311). Other peptide tags useful for 
purification include, but are not limited to, the hemaggluti
nin "HA" tag, which corresponds to an epitope derived from 
the influenza hemagglutinin protein (Wilson et al., 1984, 
Cell 37:767) and the "Flag" tag. 

In other instances, an Fe-containing polypeptide is or 
includes an Fe region conjugated to a diagnostic or detect
able agent. Such Fe-containing polypeptides can be useful 
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for monitoring or prognosing the development or progres
sion of disease or disorder as part of a clinical testing 
procedure, such as determining the efficacy of a particular 
therapy. Such diagnosis and detection can be accomplished 

34 
maceutical composition can be formulated by suitably com
bining the polypeptide with pharmaceutically acceptable 
vehicles or media, such as sterile water and physiological 
saline, vegetable oil, emulsifier, suspension agent, surfac-

by coupling the glycoprotein to detectable substances 
including, but not limited to, various enzymes, such as but 
not limited to horseradish peroxidase, alkaline phosphatase, 
beta-galactosidase, or acetylcholinesterase; prosthetic 
groups, such as, but not limited to, streptavidin/biotin and 
avidin/biotin; fluorescent materials, such as, but not limited 

5 tant, stabilizer, flavoring excipient, diluent, vehicle, preser
vative, binder, followed by mixing in a unit dose form 
required for generally accepted pharmaceutical practices. 
The amount of active ingredient included in the pharmaceu
tical preparations is such that a suitable dose within the 

10 designated range is provided. 
Route of administration can be parenteral, for example, 

administration by injection, transnasal administration, 
transpulmonary administration, or transcutaneous adminis
tration. Administration can be systemic or local by intrave-

15 nous injection, intramuscular injection, intraperitoneal injec
tion, subcutaneous injection. 

to, umbelliferone, fluorescein, fluorescein isothiocynate, 
rhodamine, dichlorotriazinylamine fluorescein, dansyl chlo
ride or phycoerythrin; luminescent materials, such as, but 
not limited to, luminol; bioluminescent materials, such as 
but not limited to, luciferase, luciferin, and aequorin; radio
active materials, such as but not limited to iodine (131 I, 1251, 
1231), carbon (14C), sulfur (35S), tritium (3H), indium (115In, 
113In, 112In, 111 In), technetium (99Tc), thallium (201Ti) gal
lium (68Ga, 67Ga), palladium (1 03Pd), molybdenum (99Mo), 
xenon (133Xe), fluorine (1 8F), 153Sm, 177Lu, 153Gd, 159Gd, 20 
149Pm, 140La, 169Yb, 17sYb, 166Ho, 9oY, 47Sc, 1s6Re, 1ssRe, 
142Pr, 10sRh, 97Ru, 6sGe, s7Co, 6szn, sssr, 32P, s1Cr, s4Mn, 
75Se, 113Sn, and 117Sn; positron emitting metals using vari
ous positron emission tomographies, non-radioactive para
magnetic metal ions, and molecules that are radiolabelled or 25 

conjugated to specific radioisotopes. 

A suitable means of administration can be selected based 
on the age and condition of the patient. A single dose of the 
pharmaceutical composition containing a polypeptide (e.g., 
antibody) can be selected from a range of 0.001 mg/kg of 
body weight to 1000 mg/kg of body weight. On the other 
hand, a dose can be selected in the range of 0.001 mg/kg of 
body weight to 100000 mg/kg of body weight, but the 
present disclosure is not limited to such ranges. The dose and 
method of administration varies depending on the weight, 
age, condition, and the like of the patient, and can be suitably 
selected as needed by those skilled in the art. 

In other instances, a recombinant polypeptide (e.g., anti
body) can be used to screen for disease or for agents that can 
treat or prevent disease. 
Methods of Assaying Levels of C-Terminal Variants and 
Polypeptide Activity 

The level of C-terminal variants of a reference polypep
tide (e.g., a reference antibody) can be assayed by known 

Techniques for conjugating therapeutic moieties to anti
bodies and/or Fe-containing polypeptides are well known 
(see, e.g., Amon et al., "Monoclonal Antibodies For Immu
notargeting Of Drugs In Cancer Therapy", in Monoclonal 30 

Antibodies and Cancer Therapy, Reisfeld et al. (eds.), pp. 
243-56. (Alan R. Liss, Inc. 1985); Hellstrom et al., "Anti
bodies For Drug Delivery", in Controlled Drug Delivery 
(2nd Ed.), Robinson et al. ( eds.), pp. 623-53 (Marcel Dekker, 
Inc. 1987)). 

Nonlimiting, exemplary polypeptides that can be pro
duced using the methods described herein include abatacept 
(Orencia®, Bristol-Myers Squibb), abciximab (ReoPro®, 
Roche), adalimumab (Humira®, Bristol-Myers Squibb), ale
facept (Amevive®, Astellas Pharma), alemtuzumab (Cam- 40 

path®, Genzyme/Bayer), basiliximab (Simulect®, Novar
tis), bevacizumab (Avastin®, Roche), certolizumab 
(CIMZIA®, UCB, Brussels, Belgium), cetuximab (Er
bitux®, Merck-Serano), daclizumab (Zenapax®, Hoff
mann-La Roche), denileukin diftitox (Ontak®, Eisai), ecu- 45 

lizumab (Soliris®, Alexion Pharmaceuticals), efalizumab 
(Raptiva®, Genentech), etanercept (Enbrel®, Amgen
Pfizer), gemtuzumab (Mylotarg®, Pfizer), ibritumomab (Ze
valin®, Spectrum Pharmaceuticals), infliximab (Remi
cade®, Centocor), muromonab (Orthoclone OKT3®, 50 

Janssen-Cilag), natalizumab (Tysabri®, Biogen Idec, Elan), 
omalizumab (Xolair®, Novartis), palivizumab (Synagis®, 
Medlmmune), panitumumab (Vectibix®, Amgen), ranibi
zumab (Lucentis®, Genentech), rilonacept (Arcalyst®, 
Regeneron Pharmaceuticals), rituximab (MabThera®, 55 

Roche), tositumomab (Bexxar®, GlaxoSmithKline), and 
trastuzumab (Herceptin®, Roche). 

35 methods (see, e.g., Dick et al., Biotechnol. Bioeng. 100: 
1132-1143 (2008)). For example, polypeptides (e.g., anti
bodies) can be analyzed by chromatographic methods, 
including but not limited to, liquid chromatography (LC), 

A recombinant polypeptide described herein ( e.g., an 
antibody) can be incorporated into a pharmaceutical com
position. Such a pharmaceutical composition is useful in the 60 

prevention and/or treatment of diseases. Pharmaceutical 
compositions comprising a polypeptide (e.g., an antibody) 
can be formulated by methods known to those skilled in the 
art. The pharmaceutical composition can be administered 
parenterally in the form of an injectable formulation com- 65 

prising a sterile solution or suspension in water or another 
pharmaceutically acceptable liquid. For example, the phar-

high performance liquid chromatography (HPLC), ultra 
performance liquid chromatography (UPLC), thin layer 
chromatography (TLC), amide colunm chromatography, and 
combinations thereof. 

In other methods, polypeptides (e.g., antibodies) are ana
lyzed by mass spectrometry (MS) and related methods, 
including but not limited to, tandem MS, LC-MS, LC-MS/ 
MS, matrix assisted laser desorption ionisation mass spec-
trometry (MALDI-MS), Fourier transform mass spectrom
etry (FTMS), ion mobility separation with mass 
spectrometry (IMS-MS), electron transfer dissociation 
(ETD-MS), and combinations thereof. 

Other methods of analyzing polypeptides (e.g., antibod
ies) include electrophoretic methods, including but not lim
ited to, capillary electrophoresis (CE), CE-MS, gel electro
phoresis, agarose gel electrophoresis, acrylamide gel 
electrophoresis, SDS-polyacrylamide gel electrophoresis 
(SDS-PAGE) followed by Western blotting using antibodies 
that recognize specific amino acids, and combinations 
thereof. 

Yet other analysis methods include nuclear magnetic 
resonance (NMR) and related methods, including but not 
limited to, one-dimensional NMR (lD-NMR), two-dimen
sional NMR (2D-NMR), correlation spectroscopy magnetic
angle spinning NMR (COSY-NMR), total correlated spec
troscopy NMR (TOCSY-NMR), heteronuclear single-
quantum coherence NMR (HSQC-NMR), heteronuclear 
multiple quantum coherence (HMQC-NMR), rotational 
nuclear overhauser effect spectroscopy NMR (ROESY-
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NMR), nuclear overhauser effect spectroscopy (NOESY
NMR), and combinations thereof. 

36 
All publications, patent applications, patents, and other 

references mentioned herein are incorporated by reference in 
their entirety. In addition, the materials, methods, and 
examples are illustrative only and not intended to be limit-

In some instances, the level of C-terminal variants in a 
preparation of polypeptides ( e.g., level of g KO, Kl, and/or 
K2 lysine variants in a preparation of antibodies or Fe
containing polypeptides), produced using a method 
described herein can be compared to a target value ( e.g., 
reference standard), e.g., to make a decision regarding the 
composition of the polypeptide preparation, e.g., a decision 
to classify, select, accept or discard, release or withhold, 
process into a drug product, ship, move to a different 
location, formulate, label, package, release into commerce, 

5 ing. Unless otherwise defined, all technical and scientific 
terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Although methods and materials similar 
or equivalent to those described herein can be used in the 

10 practice or testing of the present invention, suitable methods 
and materials are described herein. 

or sell or offer for sale the polypeptide, e.g., a recombinant 
antibody. In other instances, the decision can be to accept, 
modify or reject a production parameter or parameters used 
to make the polypeptide, e.g., an antibody. Particular, non
limiting examples of reference standards include a control 
level ( e.g., a polypeptide produced by a different method) or 

The disclosure is further illustrated by the following 
example. The example is provided for illustrative purposes 

15 
only. It is not to be construed as limiting the scope or content 
of the disclosure in any way. 

a range or value in a product specification (e.g., an FDA 20 

label or Physician's Insert) or quality criterion for a phar
maceutical preparation containing the polypeptide prepara
tion. 

Example 

Preparation of Antibody with Increased Kl and K2 
Lysine Residues 

Method 
The carboxyl-terminal lysine residues of a model anti-

25 body produced by CHO cells were analyzed. CL320 CHO 
cells were grown in a shake flask initially in base media 
(Power CHO2, Catalog #BE15-771, Lonza Inc., Allendale, 
N.J.) with 4 mM L-Gln and no other supplements. Cells 
were grown for 4 days, and the number of cells increased 

In some instances, methods (i.e., evaluation, identifica
tion, and production methods) include taking action (e.g., 
physical action) in response to the methods disclosed herein. 
For example, a polypeptide preparation is classified, 
selected, accepted or discarded, released or withheld, pro
cessed into a drug product, shipped, moved to a different 
location, formulated, labeled, packaged, released into com
merce, or sold or offered for sale, depending on whether the 
preselected or target value is met. In some instances, pro
cessing may include formulating (e.g., combining with 
pharmaceutical excipients), packaging (e.g., in a syringe or 
vial), labeling, or shipping at least a portion of the polypep
tide preparation. In some instances, processing includes 
formulating (e.g., combining with pharmaceutical excipi
ents), packaging (e.g., in a syringe or vial), and labeling at 
least a portion of the preparation as a drug product described 
herein. Processing can include directing and/or contracting 40 

another party to process as described herein. 

30 from 0.54E6/mL to 4E6/mL. On Day 4, the cells were fed 
with 20% Lonza Power Feed A medium or with 20% Power 
Feed A medium supplemented with 10 g/L L-Lys or L-Arg. 
On Day 5, g/L cottonseed hydrolysate was added. VCD and 
viability were assessed, and cells were harvested on Day 10. 

35 The antibodies produced under the various conditions were 
evaluated for titer and C-terminal lysine by ion exchange 
chromatography. 

In some instances, a biological activity of a polypeptide 
preparation (e.g., an antibody preparation) is assessed. Bio
logical activity of the preparation can be analyzed by any 
known method. In some embodiments, a binding activity of 45 

a polypeptide is assessed (e.g., binding to a receptor). In 
some embodiments, a therapeutic activity of a polypeptide is 
assessed ( e.g., an activity of a polypeptide in decreasing 
severity or symptom of a disease or condition, or in delaying 
appearance of a symptom of a disease or condition). In some 50 

embodiments, a pharmacologic activity of a polypeptide is 
assessed ( e.g., bioavailability, pharmacokinetics, pharmaco
dynamics ). For methods of analyzing bioavailability, phar
macokinetics, and pharmacodynamics of glycoprotein thera
peutics, see, e.g., Weiner et al., J. Pharm. Biomed. Anal. 55 

15(5):571-9, 1997; Srinivas et al., J. Pharm. Sci. 85(1):1-4, 
1996; and Srinivas et al., Pharm. Res. 14(7):911-6, 1997. 

Results 
As shown in FIG. 1, antibodies from cells fed with L-Lys 

Feed or with L-Arg Feed both had levels of Kl and K2 
lysine similar to that of a sample of Humira®. Surprisingly, 
addition of 10 mg/L L-Lys or 10 mg/L L-Arg did not affect 
growth, viability, or titers. Addition of a combination of 
L-Lys (10 mg/L) and L-Arg (10 mg/L) resulted in cell death, 
which may have been the result of not adjusting the pH to 
appropriate cell culture levels. 

Further, when the antibodies produced were subsequently 
digested with carboxypeptidase, the levels of Kl and K2 
lysine residues returned to baseline, indicating that the levels 
of Kl and K2 were not due to nonspecific charge differences 
(e.g., due to amidation of the antibody). 

Additional data showed that a controlled glucose feed 
resulted in increased levels of Kl lysines compared to bolus 
glucose feeds. Without wishing to be bound by theory, it is 
believed that by controlling glucose levels during culture, 
lactate levels can be reduced, resulting in increased intrac
ellular pH. 

Further data showed that the inclusion of NH4Cl in 
culture media resulted in increased levels of Kl and K2 

The particular biological activity or therapeutic activity 
that can be tested will vary depending on the particular 
polypeptide (e.g., antibody). The potential adverse activity 
or toxicity (e.g., propensity to cause hypertension, allergic 
reactions, thrombotic events, seizures, or other adverse 
events) of polypeptide preparations can be analyzed by any 
available method. In some embodiments, immunogenicity 

60 lysine residues compared to controls. 

of a polypeptide preparation is assessed, e.g., by determining 65 

whether the preparation elicits an antibody response in a 
subject. 

EQUIVALENTS 

It is to be understood that while the disclosure has been 
described in conjunction with the detailed description 
thereof, the foregoing description is intended to illustrate 
and not limit the scope of the invention, which is defined by 

Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 478 of 557 PageID #: 9395



US 9,475,858 B2 
37 

the scope_ofth~ appended claims. Other aspects, advantages, 
and mod1ficat10ns are within the scope of the following 
claims. 

The invention claimed is: 
1. A method of manufacturing a preparation of a recom- 5 

binant antibody, comprising: 
culturing a cell in a medium comprising 2 g/L lysine to 8 

g/L lysine under conditions in which the cell expresses 
a recombinant antibody; 

isolating the recombinant antibody, thereby producing a 10 

preparation of the recombinant antibody; and 
formulating the preparation into a drug product if the 

preparation meets a target value ofC-terminal variants 
of the recombinant antibody, wherein the C-terminal 
variants differ in amino acid sequence only by the 15 

presence or absence of a lysine at their carboxyl 
termini. 

2. The method of claim 1, further comprising providing 
the target value of C-terminal variants of the recombinant 
antibody. 

3. The method of claim 1, wherein the medium comprises 
3 g/L lysine to 7 g/L lysine. 

4. The method of claim 1, wherein the medium comprises 
4 g/L lysine to 6 g/L lysine. 

20 

5. The method of claim 1, wherein the medium comprises 25 

5 g/L lysine. 
6. The method of claim 1, wherein the method further 

comprises measuring a level of one or more C-terminal 
variants of the recombinant antibody in the preparation. 

7. The method of claim 1, wherein the C-terminal variants 30 

of the recombinant antibody comprise one or more of a Kl 
lysi_ne variant of the recombinant antibody and a K2 lysine 
varrnnt of the recombinant antibody. 

8. The method of claim 7, wherein the level of one or 
more of Kl lysine variant and K2 lysine variant in the 35 

preparation is increased relative to a preparation of the 
recombinant antibody produced using a medium not com
prising 2 g/L lysine to 8 g/L lysine. 

9. The method of claim 7, wherein the method further 
comprises providing a target value of one or more of Kl 40 

lysi_ne variants of the recombinant antibody and K2 lysine 
varrnnts of the recombinant antibody. 

38 
20. A method of manufacturing a preparation of a recom

binant antibody, comprising: 
culturing a cell in a medium comprising 2 g/L arginine to 

8 g/L arginine under conditions in which the cell 
expresses a recombinant antibody; 

isolating the recombinant antibody, thereby producing a 
preparation of the recombinant antibody; and 

formulating the preparation into a drug product if the 
preparation meets a target value ofC-terminal variants 
of the recombinant antibody, wherein the C-terminal 
variants differ in amino acid sequence only by the 
presence or absence of a lysine at their carboxyl 
termini. 

21. The method of claim 20, further comprising providing 
the target value of C-terminal variants of the recombinant 
antibody. 

22. The method of claim 20, wherein the medium com
prises 3 g/L arginine to 7 g/L arginine. 

23. The method of claim 20, wherein the medium com
prises 4 g/L arginine to 6 g/L arginine. 

24. The method of claim 20, wherein the medium com
prises 5 g/L arginine. 

25. The method of claim 20, wherein the method further 
comprises measuring a level of one or more C-terminal 
variants of the recombinant antibody in the preparation. 

26. The method of claim 20, wherein the C-terminal 
variants of the recombinant antibody comprise one or more 
of a Kl lysine variant of the recombinant antibody and a K2 
lysine variant of the recombinant antibody. 

27. The method of claim 26, wherein the level of one or 
more of Kl lysine variant and K2 lysine variant in the 
preparation is increased relative to a preparation of the 
recombinant antibody produced using a medium not com
prising 2 g/L arginine to 8 g/L arginine. 

28. The method of claim 26, wherein the method further 
comprises providing a target value of one or more of Kl 
lysi_ne variants of the recombinant antibody and K2 lysine 
varrnnts of the recombinant antibody. 

29. The method of claim 28, wherein the target value of 
Kl lysine variants of the recombinant antibody is 12% to 
25% of the recombinant antibody in the preparation. 10. The method of claim 9, wherein the target value of Kl 

lysine variants of the recombinant antibody is 12% to 25% 
of the recombinant antibody in the preparation. 

11. The method of claim 9, wherein the target value of Kl 
lysine variants of the recombinant antibody is 15% to 20% 

30. The method of claim 28, wherein the target value of 

45 
Kl lysine variants of the recombinant antibody is 15% to 
20% of the recombinant antibody in the preparation. 

of the recombinant antibody in the preparation. 
12. The method of claim 9, wherein the target value ofK2 

lysine variants of the recombinant antibody is 2% to 6% of 50 

the recombinant antibody in the preparation. 
13. The method of claim 9, wherein the target value ofK2 

lysine variants of the recombinant antibody is 3% to 5% of 
the recombinant antibody in the preparation. 

14. The method of claim 1, wherein the cell is a CHO cell. 55 

15. The method of claim 1, wherein the antibody is 
adalimumab. 

16. The method of claim 1, wherein the medium has a pH 
of 6.8 to 7.0. 

17. The method of claim 1, wherein the medium has a pH 60 

of 6.9. 
18. The method of claim 1, wherein the cell is cultured at 

a temperature of 34° C. to 37° C. 
19. The method of claim 1, wherein the cell is cultured at 

a temperature of 36° C. 

31. The method of claim 28, wherein the target value of 
K2 lysine variants of the recombinant antibody is 2% to 6% 
of the recombinant antibody in the preparation. 

32. The method of claim 28, wherein the target value of 
K2 lysine variants of the recombinant antibody is 3% to 5% 
of the recombinant antibody in the preparation. 

33. The method of claim 20, wherein the cell is a CHO 
cell. 

34. The method of claim 20, wherein the antibody is 
adalimumab. 

35. The method of claim 20, wherein the medium has a 
pH of 6.8 to 7.0. 

36. The method of claim 20, wherein the medium has a 
pH of 6.9. 

37. The method of claim 20, wherein the cell is cultured 
at a temperature of 34° C. to 37° C. 

38. The method of claim 20, wherein the cell is cultured 
at a temperature of 36° C. 

* * * * * 
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CELL CULTURE PROCESS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present application is a continuation of U.S. applica
tion Ser. No. 14/131,005, filed Jan. 6, 2014, which is the 
National Stage of International Application No. PCT/ 
US2012/045848, filed Jul. 6, 2012, which claims the benefit 
of U.S. provisional application Ser. No. 61/505,681, filed on 
Jul. 8, 2011, the contents of all of which are herein incorpo
rated by reference in their entirety. 

FIELD OF THE INVENTION 

The invention relates generally to cell culture methods. 

BACKGROUND 

Therapeutic polypeptides are an important class of thera
peutic biotechnology products, and therapeutic antibodies 
(including murine, chimeric, humanized and human antibod
ies and fragments thereof) account for the majority of thera
peutic biologic products. 

SUMMARY 

In one aspect, the invention features a method of producing 
a population of recombinant polypeptides, comprising: pro
viding a target value of C-terminal variants of a recombinant 
polypeptide, providing a host cell comprising a nucleic acid 
encoding the recombinant polypeptide, culturing the host cell 
under conditions (i) in which the cell expresses a population 
of C-terminal variants of the encoded recombinant polypep
tide and (ii) which increase the intracellular pH of the cell, and 
isolating the population, wherein the population comprises 
the provided target value of C-terminal variants of the recom
binant polypeptide. 

In some embodiments, the conditions which increase the 
intracellular pH of the cell comprise culturing the cells in a 
medium comprising one or more of: (a) about 1 g/L to about 
50 g/L lysine, arginine and/or histidine; (b) about 0.1 g/L 
glucose to about 10 g/L glucose; ( c) about 2 mM to about 10 
mM NH4 Cl; ( d) about 10 µM to about 500 µM chloroquine; 
and ( e) about 10 mM to about 30 mM glutamine. 

In some embodiments, intracellular pH is increased by at 
least about 10%, at least about 20%, at least about 30%, at 
least about 40%, at least about 50%, at least about 60%, at 
least about 70%, at least about 80%, at least about 90%, at 
least about 100%, or more, relative to control culture condi
tions. In some embodiments, intracellular pH is increased by 
a value ofat least about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 
1, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, 2, 2.1, 2.2, 2.3, 2.4, 
2.5, 2.6, 2.7, 2.8, 2.9, 3, or more, relative to control culture 
conditions. 

In some embodiments, the target value is a level of 
polypeptides comprising a lysine or an arginine residue at a 
carboxyl terminus. In some embodiments, the target value is 
a level of polypeptides comprising a lysine or an arginine 
residue at a carboxyl terminus relative to a sum of a level of 
polypeptides comprising a lysine or an arginine residue at a 
carboxyl terminus and a level of polypeptides not comprising 
a lysine or an arginine residue at a carboxyl terminus. In some 
embodiments, the level of polypeptides comprising a lysine 
or an arginine residue at a carboxyl terminus relative to the 
sum of the level of polypeptides comprising a lysine or an 
arginine residue at a carboxyl terminus and the level of 

2 
polypeptides not comprising a lysine or an arginine residue at 
a carboxyl terminus is about 0.1, about 0.2, about 0.3, about 
0.4, about 0.5, about 0.6, about 0.7, about 0.8, about 0.9, or 
about 1. 

5 In some embodiments, the recombinant polypeptide is a 
recombinant Fe-containing polypeptide (e.g., antibody). In 
some embodiments, the target value is a level of heavy chains 
in the population comprising a C-terminal lysine or arginine. 
In some embodiments, the target value is a level of heavy 

10 chains having a C-terminal lysine or arginine in the popula
tion of at least about 1 %, at least about 2%, at least about 3%, 
at least about 4%, at least about 5%, at least about 6%, at least 
about 7%, at least about 8%, at least about 9%, at least about 

15 
10%, at least about 11%, at least about 12%, at least about 
13%, at least about 14%, at least about 15%, at least about 
16%, at least about 17%, at least about 18%, at least about 
19%, at least about 20%, at least about 25%, at least about 
30%, at least about 35%, at least about 40%, at least about 

20 45%, at least about 50%, or more. In some embodiments, the 
target value is a level of Kl lysine variants and/or K2 lysine 
variants in the population. In some embodiments, the target 
value is a level of Kl lysine variants and/or K2 lysine variants 
in the population of at least about 1 %, at least about 2%, at 

25 least about 3%, at least about 4%, at least about 5%, at least 
about 6%, at least about 7%, at least about 8%, at least about 
9%, at least about 10%, at least about 11 %, at least about 12%, 
at least about 13%, at least about 14%, at least about 15%, at 
least about 16%, at least about 17%, at least about 18%, at 

30 least about 19%, at least about 20%, at least about 25%, at 
least about 30%, at least about 35%, at least about 40%, at 
least about 45%, at least about 50%, or more. 

In some embodiments, the method further comprises mea
suring a level of one or more C-terminal variants in the popu-

35 lation. In some embodiments, the population is a population 
of Fe-containing polypeptides or antibodies, and the method 
further comprises measuring a level of one or more ofK0, Kl, 
or K2 lysine variants in the population. In some embodi
ments, the method further comprises recording the level of 

40 one or more of KO, Kl, or K2 lysine variants in a print or 
computer-readable medium, e.g., in a test report, Material 
Safety Data Sheet (MSDS) or Certificate of Testing or Cer
tificate of Analysis (CofA). 

In another aspect, the invention features a method of pro-
45 ducing a population of Fe-containing polypeptides, compris

ing: providing a target value of KO, Kl, and/or K2 lysine 
variants of an Fe-containing polypeptide; providing a host 
cell comprising a nucleic acid encoding the Fe-containing 
polypeptide; culturing the host cell under conditions (i) in 

50 which the cell expresses a population of KO, Kl, and/or K2 
lysine variants of the encoded Fe-containing polypeptide and 
(ii) which increase the intracellular pH of the cell; and isolat
ing the population, wherein the population comprises the 
provided target value of KO, Kl, and/or K2 lysine variants of 

55 the Fe-containing polypeptide. 
In some embodiments, the conditions which increase the 

intracellular pH of the cell comprise culturing the cells in a 
medium comprising one or more of: (a) about 2 g/L to about 
50 g/L lysine, arginine and/or histidine; (b) about 0.1 g/L 

60 glucose to about 10 g/L glucose; ( c) about 2 mM to about 10 
mM NH4Cl; (d) about 10 µM to about 500 µM chloroquine; 
and ( e) about 10 mM to about 30 mM glutamine. 

In some embodiments, the conditions which increase the 
intracellular pH of the cell comprise culturing the cells in a 

65 medium comprising one or more of: (a) at least about 1 g/L 
lysine, arginine or histidine; (b) about 0.5 g/L glucose to 
about 2 g/L glucose; ( c) about 2 mM to about 10 mM NH4Cl; 
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( d) about 10 µM to about 500 µM chloroquine; and ( e) about 
10 mM to about 30 mM glutamine. 

In some embodiments, intracellular pH is increased by at 
least about 10%, at least about 20%, at least about 30%, at 
least about 40%, at least about 50%, at least about 60%, at 
least about 70%, at least about 80%, at least about 90%, at 
least about 100%, or more, relative to control culture condi
tions. In some embodiments, intracellular pH is increased by 
a value ofat least about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 
1, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, 2, 2.1, 2.2, 2.3, 2.4, 
2.5, 2.6, 2.7, 2.8, 2.9, 3, or more, relative to control culture 
conditions. 

4 
ing the antibody; culturing the host cell under conditions (i) in 
which the cell expresses a population of KO, Kl, and/or K2 
lysine variants of the encoded antibody and (ii) which 
increase the intracellular pH of the cell; and isolating the 

5 population, wherein the population comprises the provided 
target value of KO, Kl, and/or K2 lysine variants of the 
antibody. 

In some embodiments, the conditions which increase the 
intracellular pH of the cell comprise culturing the cells in a 

10 medium comprising one or more of: (a) about 2 g/L to about 
50 g/L lysine, arginine and/or histidine; (b) about 0.1 g/L 
glucose to about 10 g/L glucose; ( c) about 2 mM to about 10 
mM NH4Cl; (d) about 10 µM to about 500 µM chloroquine; In some embodiments, the target value is a level of Fe

containing polypeptides comprising a lysine or an arginine 
residue at a carboxyl terminus. In some embodiments, the 15 

target value is a level of Fe-containing polypeptides compris
ing a lysine or an arginine residue at a carboxyl terminus 
relative to a sum of a level of Fe-containing polypeptides 
comprising a lysine or an arginine residue at a carboxyl ter
minus and a level of Fe-containing polypeptides not compris
ing a lysine or an arginine residue at a carboxyl terminus. In 
some embodiments, the level of Fe-containing polypeptides 
comprising a lysine or an arginine residue at a carboxyl ter
minus relative to the sum of the level of Fe-containing 
polypeptides comprising a lysine or an arginine residue at a 25 

carboxyl terminus and the level of Fe-containing polypep
tides not comprising a lysine or an arginine residue at a 
carboxyl terminus is about 0.1, about 0.2, about 0.3, about 
0.4, about 0.5, about 0.6, about 0.7, about 0.8, about 0.9, or 
about 1. 

and ( e) about 10 mM to about 30 mM glutamine. 
In some embodiments, intracellular pH is increased by at 

least about 10%, at least about 20%, at least about 30%, at 
least about 40%, at least about 50%, at least about 60%, at 
least about 70%, at least about 80%, at least about 90%, at 
least about 100%, or more, relative to control culture condi-

20 tions. In some embodiments, intracellular pH is increased by 
a value ofat least about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 
1, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, 2, 2.1, 2.2, 2.3, 2.4, 
2.5, 2.6, 2.7, 2.8, 2.9, 3, or more, relative to control culture 
conditions. 

In some embodiments, the target value is a level of anti-
bodies comprising a lysine or an arginine residue at a car
boxyl terminus. In some embodiments, the target value is a 
level of antibodies comprising a lysine or an arginine residue 
at a carboxyl terminus relative to a sum ofa level ofantibodies 

30 comprising a lysine or an arginine residue at a carboxyl ter
minus and a level of antibodies not comprising a lysine or an 
arginine residue at a carboxyl terminus. In some embodi
ments, the level of antibodies comprising a lysine or an argi
nine residue at a carboxyl terminus relative to the sum of the 

35 level of antibodies comprising a lysine or an arginine residue 
at a carboxyl terminus and the level of antibodies not com
prising a lysine or an arginine residue at a carboxyl terminus 
is about 0.1, about 0.2, about 0.3, about 0.4, about 0.5, about 

In some embodiments, the target value is a level of heavy 
chains in the population comprising a C-terminal lysine or 
arginine. In some embodiments, the target value is a level of 
heavy chains having a C-terminal lysine or arginine in the 
population of at least about 1 %, at least about 2%, at least 
about 3%, at least about 4%, at least about 5%, at least about 
6%, at least about 7%, at least about 8%, at least about 9%, at 
least about 10%, at least about 11 %, at least about 12%, at 
least about 13%, at least about 14%, at least about 15%, at 
least about 16%, at least about 17%, at least about 18%, at 40 

least about 19%, at least about 20%, at least about 25%, at 
least about 30%, at least about 35%, at least about 40%, at 
least about 45%, at least about 50%, or more. In some 
embodiments, the target value is a level of Kl lysine variants 
and/or K2 lysine variants in the population. In some embodi
ments, the target value is a level of Kl lysine variants and/or 
K2 lysine variants in the population of at least about 1 %, at 
least about 2%, at least about 3%, at least about 4%, at least 
about 5%, at least about 6%, at least about 7%, at least about 
8%, at least about 9%, at least about 10%, at least about 11 %, 

0.6, about 0.7, about 0.8, about 0.9, or about 1. 
In some embodiments, the target value is a level of heavy 

chains in the population comprising a C-terminal lysine or 
arginine. In some embodiments, the target value is a level of 
heavy chains having a C-terminal lysine or arginine in the 
population of at least about 1 %, at least about 2%, at least 

45 about 3%, at least about 4%, at least about 5%, at least about 
6%, at least about 7%, at least about 8%, at least about 9%, at 
least about 10%, at least about 11 %, at least about 12%, at 
least about 13%, at least about 14%, at least about 15%, at 
least about 16%, at least about 17%, at least about 18%, at 

50 least about 19%, at least about 20%, at least about 25%, at 
least about 30%, at least about 35%, at least about 40%, at 
least about 45%, at least about 50%, or more. In some 
embodiments, the target value is a level of Kl lysine variants 
and/or K2 lysine variants in the population. In some embodi-

at least about 12%, at least about 13%, at least about 14%, at 
least about 15%, at least about 16%, at least about 17%, at 
least about 18%, at least about 19%, at least about 20%, at 
least about 25%, at least about 30%, at least about 35%, at 
least about 40%, at least about 45%, at least about 50%, or 
more. 

In some embodiments, the method further comprises mea
suring a level of one or more of KO, Kl, or K2 lysine variants 
in the population. In some embodiments, the method further 
comprises recording the level of one or more of KO, Kl, or K2 
lysine variants in a print or computer-readable medium, e.g., 
in a test report, Material Safety Data Sheet (MSDS) or Cer
tificate of Testing or Certificate of Analysis (CofA). 

In another aspect, the invention features a method of pro
ducing a population of antibodies, comprising: providing a 
target value of KO, Kl, and/or K2 lysine variants of an anti
body; providing a host cell comprising a nucleic acid encod-

55 ments, the target value is a level of Kl lysine variants and/or 
K2 lysine variants in the population of at least about 1 %, at 
least about 2%, at least about 3%, at least about 4%, at least 
about 5%, at least about 6%, at least about 7%, at least about 
8%, at least about 9%, at least about 10%, at least about 11 %, 

60 at least about 12%, at least about 13%, at least about 14%, at 
least about 15%, at least about 16%, at least about 17%, at 
least about 18%, at least about 19%, at least about 20%, at 
least about 25%, at least about 30%, at least about 35%, at 
least about 40%, at least about 45%, at least about 50%, or 

65 more. 
In some embodiments, the method further comprises mea

suring a level of one or more of KO, Kl, or K2 lysine variants 
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in the population. In some embodiments, the method further 
comprises recording the level of one or more of KO, Kl, or K2 
lysine variants in a print or computer-readable medium, e.g., 

6 
least about 2%, at least about 3%, at least about 4%, at least 
about 5%, at least about 6%, at least about 7%, at least about 
8%, at least about 9%, at least about 10%, at least about 11 %, 
at least about 12%, at least about 13%, at least about 14%, at in a test report, Material Safety Data Sheet (MSDS) or Cer

tificate of Testing or Certificate of Analysis (CofA). 5 least about 15%, at least about 16%, at least about 17%, at 
least about 18%, at least about 19%, at least about 20%, at 
least about 25%, at least about 30%, at least about 35%, at 
least about 40%, at least about 45%, at least about 50%, or 
more. 

In another aspect, the invention features a method of pro
ducing a population of recombinant antibodies, comprising: 
providing a target value of C-terminal variants of a recombi
nant antibody, providing a host cell comprising a nucleic acid 
encoding the recombinant antibody, culturing the host cell in 10 

a medium comprising about 2 g/L to about 50 g/L lysine, 
arginine and/or histidine under conditions in which the cell 
expresses a population of C-terminal variants of the encoded 
recombinant antibody; and isolating the population, wherein 
the population comprises the provided target value ofC-ter- 15 

minal variants of the recombinant antibody. 
In some embodiments, the medium comprises lysine, argi

nine, histidine, or a combination of lysine, arginine, and/or 
histidine, at a concentration of at least about 1.5 g/L, at least 
about 2 g/L, at least about 2.5 g/L, at least about 3 g/L, at least 20 

about 3.5 g/L, at least about 4 g/L, at least about 4.5 g/L, at 
least about 5 g/L, at least about 5.5 g/L, at least about 6 g/L, 
at least about 6.5 g/L, at least about 7 g/L, at least about 7.5 
g/L, at least about 8 g/L, at least about 8.5 g/L, at least about 
9 g/L, at least about 9.5 g/L, at least about 10 g/L, at least 25 

about 10.5 g/L, at least about 11 g/L, at least about 11.5 g/L, 
at least about 12 g/L, at least about 12.5 g/L, at least about 13 
g/L, at least about 13 .5 g/L, at least about 14 g/L, at least about 
14.5 g/L, at least about 15 g/L, at least about 15 .5 g/L, at least 
about 16 g/L, at least about 16.5 g/L, at least about 17 g/L, at 30 

least about 17.5 g/L, at least about 18 g/L, at least about 18.5 
g/L, at least about 19 g/L, at least about 19 .5 g/L, at least about 

In some embodiments, the method further comprises mea
suring a level of one or more of KO, Kl, or K2 lysine variants 
in the population. In some embodiments, the method further 
comprises recording the level of one or more ofKO, Kl, or K2 
lysine variants in a print or computer-readable medium, e.g., 
in a test report, Material Safety Data Sheet (MSDS) or Cer
tificate of Testing or Certificate of Analysis (CofA). 

In another aspect, the invention features a method of pro-
ducing a population of recombinant antibodies, comprising: 
providing a target value of C-terminal variants of a recombi
nant antibody, providing a host cell comprising a nucleic acid 
encoding the recombinant antibody, culturing the host cell in 
a medium comprising about 0.1 g/L glucose to about 10 g/L 
glucose under conditions in which the cell expresses a popu
lation of C-terminal variants of the encoded recombinant 
antibody; and isolating the population, wherein the popula
tion comprises the provided target value of C-terminal vari
ants of the recombinant antibody. 

In some embodiments, the medium comprises glucose at a 
concentration of about 0.5 g/L to about 2 g/L. In some 
embodiments, the medium comprises glucose at a concentra
tion of about 0.1 g/L to about 10 g/L, e.g., about 0.2 g/L, about 
0.3 g/L, about 0.4 g/L, about 0.5 g/L, about 0.6 g/L, about 0.7 
g/L, about 0.8 g/L, about 0.9 g/L, about 1 g/L, about 1.1 g/L, 
about 1.2 g/L, about 1.3 g/L, about 1.4 g/L, about 1.5 g/L, 

20 g/L, at least about 25 g/L, at least about 30 g/L, at least 
about 35 g/L, at least about 40 g/L, at least about 45 g/L, at 
least about 50 g/L, or more. 

In some embodiments, the target value is a level of anti
bodies comprising a lysine or an arginine residue at a car
boxyl terminus. In some embodiments, the target value is a 
level of antibodies comprising a lysine or an arginine residue 

35 about 1.6 g/L, about 1.7 g/L, about 1.8 g/L, about 1.9 g/L, 
about2 g/L, about2.1 g/L, about 2.2. g/L, about2.3 g/L, about 
2.4 g/L, about 2.5 g/L, about 2.6 g/L, about 2.7 g/L, about 2.8 
g/L, about 2.9 g/L, about 3 g/L, about 3.5 g/L, about 4 g/L, 

at a carboxyl terminus relative to a sum ofa level of antibodies 40 

comprising a lysine or an arginine residue at a carboxyl ter
minus and a level of antibodies not comprising a lysine or an 
arginine residue at a carboxyl terminus. In some embodi
ments, the level of antibodies comprising a lysine or an argi
nine residue at a carboxyl terminus relative to the sum of the 45 

level of antibodies comprising a lysine or an arginine residue 
at a carboxyl terminus and the level of antibodies not com
prising a lysine or an arginine residue at a carboxyl terminus 

about 4.5 g/L, about 5 g/L, about 5.5 g/L, about 6 g/L, about 
6.5 g/L, about 7 g/L, about 7 .5 g/L, about 8 g/L, about 8.5 g/L, 
about 9 g/L, about 9.5 g/L, about 10 g/L, or more. In some 
embodiments, the glucose concentration is a controlled glu
cose concentration. 

In some embodiments, the target value is a level of anti
bodies comprising a lysine or an arginine residue at a car
boxyl terminus. In some embodiments, the target value is a 
level of antibodies comprising a lysine or an arginine residue 
at a carboxyl terminus relative to a sum ofa level ofantibodies 
comprising a lysine or an arginine residue at a carboxyl ter-is about 0.1, about 0.2, about 0.3, about 0.4, about 0.5, about 

0.6, about 0.7, about 0.8, about 0.9, or about 1. 50 minus and a level of antibodies not comprising a lysine or an 
arginine residue at a carboxyl terminus. In some embodi
ments, the level of antibodies comprising a lysine or an argi
nine residue at a carboxyl terminus relative to the sum of the 

In some embodiments, the target value is a level of heavy 
chains in the population comprising a C-terminal lysine or 
arginine. In some embodiments, the target value is a level of 
heavy chains having a C-terminal lysine or arginine in the 
population of at least about 1 %, at least about 2%, at least 55 

about 3%, at least about 4%, at least about 5%, at least about 
6%, at least about 7%, at least about 8%, at least about 9%, at 
least about 10%, at least about 11 %, at least about 12%, at 
least about 13%, at least about 14%, at least about 15%, at 
least about 16%, at least about 17%, at least about 18%, at 60 

least about 19%, at least about 20%, at least about 25%, at 
least about 30%, at least about 35%, at least about 40%, at 
least about 45%, at least about 50%, or more. In some 
embodiments, the target value is a level of Kl lysine variants 
and/or K2 lysine variants in the population. In some embodi- 65 

ments, the target value is a level of Kl lysine variants and/or 
K2 lysine variants in the population of at least about 1 %, at 

level of antibodies comprising a lysine or an arginine residue 
at a carboxyl terminus and the level of antibodies not com
prising a lysine or an arginine residue at a carboxyl terminus 
is about 0.1, about 0.2, about 0.3, about 0.4, about 0.5, about 
0.6, about 0.7, about 0.8, about 0.9, or about 1. 

In some embodiments, the target value is a level of heavy 
chains in the population comprising a C-terminal lysine or 
arginine. In some embodiments, the target value is a level of 
heavy chains having a C-terminal lysine or arginine in the 
population of at least about 1 %, at least about 2%, at least 
about 3%, at least about 4%, at least about 5%, at least about 
6%, at least about 7%, at least about 8%, at least about 9%, at 
least about 10%, at least about 11 %, at least about 12%, at 
least about 13%, at least about 14%, at least about 15%, at 
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least about 16%, at least about 17%, at least about 18%, at 
least about 19%, at least about 20%, at least about 25%, at 
least about 30%, at least about 35%, at least about 40%, at 
least about 45%, at least about 50%, or more. In some 

least about 16%, at least about 17%, at least about 18%, at 
least about 19%, at least about 20%, at least about 25%, at 
least about 30%, at least about 35%, at least about 40%, at 
least about 45%, at least about 50%, or more. In some 
embodiments, the target value is a level of Kl lysine variants 
and/or K2 lysine variants in the population. In some embodi
ments, the target value is a level of Kl lysine variants and/or 
K2 lysine variants in the population of at least about 1 %, at 
least about 2%, at least about 3%, at least about 4%, at least 
about 5%, at least about 6%, at least about 7%, at least about 
8%, at least about 9%, at least about 10%, at least about 11 %, 
at least about 12%, at least about 13%, at least about 14%, at 
least about 15%, at least about 16%, at least about 17%, at 
least about 18%, at least about 19%, at least about 20%, at 
least about 25%, at least about 30%, at least about 35%, at 
least about 40%, at least about 45%, at least about 50%, or 

5 embodiments, the target value is a level of Kl lysine variants 
and/or K2 lysine variants in the population. In some embodi
ments, the target value is a level of Kl lysine variants and/or 
K2 lysine variants in the population of at least about 1 %, at 
least about 2%, at least about 3%, at least about 4%, at least 

10 about 5%, at least about 6%, at least about 7%, at least about 
8%, at least about 9%, at least about 10%, at least about 11 %, 
at least about 12%, at least about 13%, at least about 14%, at 
least about 15%, at least about 16%, at least about 17%, at 
least about 18%, at least about 19%, at least about 20%, at 

15 least about 25%, at least about 30%, at least about 35%, at 
least about 40%, at least about 45%, at least about 50%, or 

more. more. 
In some embodiments, the method further comprises mea

suring a level of one or more of KO, Kl, or K2 lysine variants 
In some embodiments, the method further comprises mea

suring a level of one or more of KO, Kl, or K2 lysine variants 
in the population. In some embodiments, the method further 
comprises recording the level of one or more of KO, Kl, or K2 
lysine variants in a print or computer-readable medium, e.g., 
in a test report, Material Safety Data Sheet (MSDS) or Cer
tificate of Testing or Certificate of Analysis (CofA). 

20 in the population. In some embodiments, the method further 
comprises recording the level of one or more ofKO, Kl, or K2 
lysine variants in a print or computer-readable medium, e.g., 
in a test report, Material Safety Data Sheet (MSDS) or Cer-

In another aspect, the invention features a method of pro- 25 

ducing a population of recombinant antibodies, comprising: 
providing a target value of C-terminal variants of a recombi
nant antibody, providing a host cell comprising a nucleic acid 
encoding the recombinant antibody, culturing the host cell in 

tificate of Testing or Certificate of Analysis (CofA). 
In another aspect, the invention features a method of pro-

ducing a population of recombinant antibodies, comprising: 
providing a target value of C-terminal variants of a recombi
nant antibody, providing a host cell comprising a nucleic acid 
encoding the recombinant antibody, culturing the host cell in 

a medium comprising about 1 mM to about 50 mM NH4 Cl 
under conditions in which the cell expresses a population of 
C-terminal variants of the encoded recombinant antibody; 
and isolating the population, wherein the population com
prises the provided target value of C-terminal variants of the 
recombinant antibody. 

30 a medium comprising about 10 µm to about 500 µm chloro
quine under conditions in which the cell expresses a popula
tion ofC-terminal variants of the encoded recombinant anti
body; and isolating the population, wherein the population 
comprises the provided target value of C-terminal variants of 

35 the recombinant antibody. 
In some embodiments, the medium comprises a concen

tration ofNH4 Cl of about 1 mM to about 30 mM, e.g., about 
1 mM, about 2 mM, about 3 mM, about 4 mM, about 5 mM, 
about 6 mM, about 7 mM, about 8 mM, about 9 mM, about 10 
mM, about 11 mM, about 12 mM, about 13 mM, about 14 40 

mM, about 15 mM, about 16 mM, about 17 mM, about 18 
mM, about 19 mM, about 20 mM, about 25 mM, about 30 
mM, about 40 mM, about 50 mM, or more. 

In some embodiments, the target value is a level of anti
bodies comprising a lysine or an arginine residue at a car- 45 

boxy! terminus. In some embodiments, the target value is a 
level of antibodies comprising a lysine or an arginine residue 
at a carboxyl terminus relative to a sum ofa level of antibodies 
comprising a lysine or an arginine residue at a carboxyl ter
minus and a level of antibodies not comprising a lysine or an 50 

arginine residue at a carboxyl terminus. In some embodi
ments, the level of antibodies comprising a lysine or an argi
nine residue at a carboxyl terminus relative to the sum of the 
level of antibodies comprising a lysine or an arginine residue 
at a carboxyl terminus and the level of antibodies not com- 55 

prising a lysine or an arginine residue at a carboxyl terminus 
is about 0.1, about 0.2, about 0.3, about 0.4, about 0.5, about 
0.6, about 0.7, about 0.8, about 0.9, or about 1. 

In some embodiments, the target value is a level of heavy 
chains in the population comprising a C-terminal lysine or 60 

arginine. In some embodiments, the target value is a level of 
heavy chains having a C-terminal lysine or arginine in the 
population of at least about 1 %, at least about 2%, at least 
about 3%, at least about 4%, at least about 5%, at least about 
6%, at least about 7%, at least about 8%, at least about 9%, at 65 

least about 10%, at least about 11 %, at least about 12%, at 
least about 13%, at least about 14%, at least about 15%, at 

In some embodiments, the medium comprises chloroquine 
at a concentration of about 10 µM, about 20 µM, about 30 µM, 
about 40 µM, about 50 µM, about 60 µM, about 70 µM, about 
80 µM, about 90 µM, about 100 µM, about 110 µM, about 120 
µM, about 130 µM, about 140 µM, about 150 µM, about 160 
µM, about 170 µM, about 180 µM, about 190 µM, about 200 
µM about 210 µM, about 220 µM, about 230 µM, about 250 
µM, about 250 µM, about 260 µM, about 270 µM, about 280 
µM, about 290 µM, about 300 µM, about 310 µM, about 320 
µM, about 330 µM, about 340 µM, about 350 µM, about 360 
µM, about 370 µM, about 380 µM, about 390 µM, about 400 
µM, about 410 µM, about 420 µM, about 430 µM, about 440 
µM, about 450 µM, about 460 µM, about 470 µM, about 480 
µM, about 490 µM, about 500 µM, or more. 

In some embodiments, the target value is a level of anti
bodies comprising a lysine or an arginine residue at a car
boxyl terminus. In some embodiments, the target value is a 
level of antibodies comprising a lysine or an arginine residue 
at a carboxyl terminus relative to a sum ofa level ofantibodies 
comprising a lysine or an arginine residue at a carboxyl ter
minus and a level of antibodies not comprising a lysine or an 
arginine residue at a carboxyl terminus. In some embodi
ments, the level of antibodies comprising a lysine or an argi
nine residue at a carboxyl terminus relative to the sum of the 
level of antibodies comprising a lysine or an arginine residue 
at a carboxyl terminus and the level of antibodies not com-
prising a lysine or an arginine residue at a carboxyl terminus 
is about 0.1, about 0.2, about 0.3, about 0.4, about 0.5, about 
0.6, about 0.7, about 0.8, about 0.9, or about 1. 

In some embodiments, the target value is a level of heavy 
chains in the population comprising a C-terminal lysine or 
arginine. In some embodiments, the target value is a level of 
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heavy chains having a C-terminal lysine or arginine in the 
population of at least about 1 %, at least about 2%, at least 
about 3%, at least about 4%, at least about 5%, at least about 
6%, at least about 7%, at least about 8%, at least about 9%, at 
least about 10%, at least about 11 %, at least about 12%, at 
least about 13%, at least about 14%, at least about 15%, at 
least about 16%, at least about 17%, at least about 18%, at 
least about 19%, at least about 20%, at least about 25%, at 
least about 30%, at least about 35%, at least about 40%, at 
least about 45%, at least about 50%, or more. In some 
embodiments, the target value is a level of Kl lysine variants 
and/or K2 lysine variants in the population. In some embodi
ments, the target value is a level of Kl lysine variants and/or 
K2 lysine variants in the population of at least about 1 %, at 
least about 2%, at least about 3%, at least about 4%, at least 
about 5%, at least about 6%, at least about 7%, at least about 
8%, at least about 9%, at least about 10%, at least about 11 %, 
at least about 12%, at least about 13%, at least about 14%, at 
least about 15%, at least about 16%, at least about 17%, at 
least about 18%, at least about 19%, at least about 20%, at 
least about 25%, at least about 30%, at least about 35%, at 
least about 40%, at least about 45%, at least about 50%, or 
more. 

In some embodiments, the method further comprises mea
suring a level of one or more of KO, Kl, or K2 lysine variants 
in the population. In some embodiments, the method further 
comprises recording the level of one or more of KO, Kl, or K2 
lysine variants in a print or computer-readable medium, e.g., 
in a test report, Material Safety Data Sheet (MSDS) or Cer
tificate of Testing or Certificate of Analysis (CofA). 

In another aspect, the invention features a method of pro
ducing a population of recombinant antibodies, comprising: 
providing a target value of C-terminal variants of a recombi
nant antibody, providing a host cell comprising a nucleic acid 
encoding the recombinant antibody, culturing the host cell in 
a medium comprising about 5 mM to about 80 mM glutamine 
under conditions in which the cell expresses a population of 
C-terminal variants of the encoded recombinant antibody; 
and isolating the population, wherein the population com
prises the provided target value of C-terminal variants of the 
recombinant antibody. 

In some embodiments, the medium comprises glutamine at 
a concentration of about 10 mM to about 30 mM. In other 
embodiments, the medium comprises glutamine at a concen
tration of about 5 mM, about 10 mM, about 15 mM, about 20 
mM, about 25 mM, about 30 mM, about 35 mM, about 40 
mM, about 45 mM, about 50 mM, about 55 mM, about 60 
mM, about 65 mM, about 70 mM, about 75 mM, about 80 
mM, or more. 

In some embodiments, the target value is a level of anti
bodies comprising a lysine or an arginine residue at a car
boxyl terminus. In some embodiments, the target value is a 
level of antibodies comprising a lysine or an arginine residue 

10 
heavy chains having a C-terminal lysine or arginine in the 
population of at least about 1 %, at least about 2%, at least 
about 3%, at least about 4%, at least about 5%, at least about 
6%, at least about 7%, at least about 8%, at least about 9%, at 

5 least about 10%, at least about 11 %, at least about 12%, at 
least about 13%, at least about 14%, at least about 15%, at 
least about 16%, at least about 17%, at least about 18%, at 
least about 19%, at least about 20%, at least about 25%, at 
least about 30%, at least about 35%, at least about 40%, at 

10 least about 45%, at least about 50%, or more. In some 
embodiments, the target value is a level of Kl lysine variants 
and/or K2 lysine variants in the population. In some embodi
ments, the target value is a level of Kl lysine variants and/or 
K2 lysine variants in the population of at least about 1 %, at 

15 least about 2%, at least about 3%, at least about 4%, at least 
about 5%, at least about 6%, at least about 7%, at least about 
8%, at least about 9%, at least about 10%, at least about 11 %, 
at least about 12%, at least about 13%, at least about 14%, at 
least about 15%, at least about 16%, at least about 17%, at 

20 least about 18%, at least about 19%, at least about 20%, at 
least about 25%, at least about 30%, at least about 35%, at 
least about 40%, at least about 45%, at least about 50%, or 
more. 

In some embodiments, the method further comprises mea-
25 suring a level of one or more of KO, Kl, or K2 lysine variants 

in the population. In some embodiments, the method further 
comprises recording the level of one or more ofKO, Kl, or K2 
lysine variants in a print or computer-readable medium, e.g., 
in a test report, Material Safety Data Sheet (MSDS) or Cer-

30 tificate of Testing or Certificate of Analysis (CofA). 
In another aspect, the invention features a method produc

ing a recombinant Fe-containing polypeptide, comprising: 
culturing a cell in a medium comprising about 1 g/L to about 
50 g/L histidine under conditions in which the cell expresses 

35 a population of the recombinant antibody; isolating the popu
lation; and measuring the level of one or more of KO, Kl, or 
K2 lysine variants of the population. In some embodiments, 
the Fe-containing polypeptide is an antibody. 

In some embodiments, the medium comprises histidine at 
40 a concentration of at least about 1.5 g/L, at least about 2 g/L, 

at least about 2.5 g/L, at least about 3 g/L, at least about 3.5 
g/L, at least about 4 g/L, at least about 4.5 g/L, at least about 
5 g/L, at least about 5 .5 g/L, at least about 6 g/L, at least about 
6.5 g/L, at least about 7 g/L, at least about 7.5 g/L, at least 

45 about 8 g/L, at least about 8.5 g/L, at least about 9 g/L, at least 
about 9.5 g/L, at least about 10 g/L, at least about 10.5 g/L, at 
least about 11 g/L, at least about 11.5 g/L, at least about 12 
g/L, at least about 12.5 g/L, at least about 13 g/L, at least about 
13.5 g/L, at least about 14 g/L, at least about 14.5 g/L, at least 

50 about 15 g/L, at least about 15 .5 g/L, at least about 16 g/L, at 
least about 16.5 g/L, at least about 17 g/L, at least about 17 .5 
g/L, at least about 18 g/L, at least about 18.5 g/L, at least about 
19 g/L, at least about 19.5 g/L, at least about 20 g/L, at least 
about 25 g/L, at least about 30 g/L, at least about 35 g/L, at at a carboxyl terminus relative to a sum ofa level of antibodies 

comprising a lysine or an arginine residue at a carboxyl ter
minus and a level of antibodies not comprising a lysine or an 
arginine residue at a carboxyl terminus. In some embodi
ments, the level of antibodies comprising a lysine or an argi
nine residue at a carboxyl terminus relative to the sum of the 
level of antibodies comprising a lysine or an arginine residue 60 

at a carboxyl terminus and the level of antibodies not com
prising a lysine or an arginine residue at a carboxyl terminus 

55 least about 40 g/L, at least about 45 g/L, at least about 50 g/L, 
or more 

In some embodiments, the level of Kl lysine variants and/ 
or K2 lysine variants in the population is at least about 1 %, at 
least about 2%, at least about 3%, at least about 4%, at least 
about 5%, at least about 6%, at least about 7%, at least about 
8%, at least about 9%, at least about 10%, at least about 11 %, 
at least about 12%, at least about 13%, at least about 14%, at 
least about 15%, at least about 16%, at least about 17%, at 
least about 18%, at least about 19%, at least about 20%, at 
least about 25%, at least about 30%, at least about 35%, at 
least about 40%, at least about 45%, at least about 50%, or 
more. 

is about 0.1, about 0.2, about 0.3, about 0.4, about 0.5, about 
0.6, about 0.7, about 0.8, about 0.9, or about 1. 

In some embodiments, the target value is a level of heavy 65 

chains in the population comprising a C-terminal lysine or 
arginine. In some embodiments, the target value is a level of 
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least about 15%, at least about 16%, at least about 17%, at 
least about 18%, at least about 19%, at least about 20%, at 
least about 25%, at least about 30%, at least about 35%, at 
least about 40%, at least about 45%, at least about 50%, or 

In some embodiments, the method further comprises 
recording the level of KO, Kl, and/or K2 lysine variants in a 
print or computer-readable medium, e.g., in a test report, 
Material Safety Data Sheet (MSDS) or Certificate of Testing 
or Certificate of Analysis (CofA). 5 more. 

In another aspect, the invention features a method produc
ing a recombinant Fe-containing polypeptide, comprising: 
culturing a cell in a medium comprising about 0.1 g/L to 
about 10 g/L glucose under conditions in which the cell 
expresses a population of the recombinant antibody; isolating 10 

the population; and measuring the level of one or more of KO, 
Kl, or K2 lysine variants of the population. In some embodi
ments, the Fe-containing polypeptide is an antibody. 

In some embodiments, the medium comprises glucose at a 
concentration of about 0.5 g/L to about 2 g/L. In some 15 

embodiments, the medium comprises glucose at a concentra
tion of about 0.1 g/L to about 10 g/L, e.g., about 0.2 g/L, about 
0.3 g/L, about 0.4 g/L, about 0.5 g/L, about 0.6 g/L, about 0.7 
g/L, about 0.8 g/L, about 0.9 g/L, about 1 g/L, about 1.1 g/L, 
about 1.2 g/L, about 1.3 g/L, about 1.4 g/L, about 1.5 g/L, 20 

about 1.6 g/L, about 1.7 g/L, about 1.8 g/L, about 1.9 g/L, 
about2 g/L, about2.1 g/L, about2.2. g/L, about 2.3 g/L, about 
2.4 g/L, about 2.5 g/L, about 2.6 g/L, about 2.7 g/L, about 2.8 
g/L, about 2.9 g/L, about 3 g/L, about 3.5 g/L, about 4 g/L, 
about 4.5 g/L, about 5 g/L, about 5.5 g/L, about 6 g/L, about 25 

6.5 g/L, about 7 g/L, about 7 .5 g/L, about 8 g/L, about 8.5 g/L, 
about 9 g/L, about 9.5 g/L, about 10 g/L, or more. In some 
embodiments, the glucose concentration is a controlled glu
cose concentration. 

In some embodiments, the method further comprises 
recording the level of KO, Kl, and/or K2 lysine variants in a 
print or computer-readable medium, e.g., in a test report, 
Material Safety Data Sheet (MSDS) or Certificate of Testing 
or Certificate of Analysis (CofA). 

In another aspect, the invention features a method produc
ing a recombinant Fe-containing polypeptide, comprising: 
culturing a cell in a medium comprising about 5 mM to about 
80 mM glutamine under conditions in which the cell 
expresses a population of the recombinant antibody; isolating 
the population; and measuring the level of one or more of KO, 
Kl, or K2 lysine variants of the population. In some embodi
ments, the Fe-containing polypeptide is an antibody. 

In some embodiments, the medium comprises glutamine at 
a concentration of about 10 mM to about 30 mM. In other 
embodiments, the medium comprises glutamine at a concen
tration of about 5 mM, about 10 mM, about 15 mM, about 20 
mM, about 25 mM, about 30 mM, about 35 mM, about 40 
mM, about 45 mM, about 50 mM, about 55 mM, about 60 
mM, about 65 mM, about 70 mM, about 75 mM, about 80 
mM, or more. 

In some embodiments, the level of Kl lysine variants and/ 
or K2 lysine variants in the population is at least about 1 %, at 
least about 2%, at least about 3%, at least about 4%, at least 

In some embodiments, the level of Kl lysine variants and/ 
or K2 lysine variants in the population is at least about 1 %, at 
least about 2%, at least about 3%, at least about 4%, at least 
about 5%, at least about 6%, at least about 7%, at least about 
8%, at least about 9%, at least about 10%, at least about 11 %, 
at least about 12%, at least about 13%, at least about 14%, at 
least about 15%, at least about 16%, at least about 17%, at 
least about 18%, at least about 19%, at least about 20%, at 
least about 25%, at least about 30%, at least about 35%, at 
least about 40%, at least about 45%, at least about 50%, or 
more. 

30 about 5%, at least about 6%, at least about 7%, at least about 
8%, at least about 9%, at least about 10%, at least about 11 %, 
at least about 12%, at least about 13%, at least about 14%, at 
least about 15%, at least about 16%, at least about 17%, at 
least about 18%, at least about 19%, at least about 20%, at 

In some embodiments, the method further comprises 
recording the level of KO, Kl, and/or K2 lysine variants in a 
print or computer-readable medium, e.g., in a test report, 
Material Safety Data Sheet (MSDS) or Certificate of Testing 
or Certificate of Analysis (CofA). 

In another aspect, the invention features a method produc
ing a recombinant Fe-containing polypeptide, comprising: 
culturing a cell in a medium comprising about 1 mM NH4 Cl 
to about 50 mM NH4 Cl under conditions in which the cell 
expresses a population of the recombinant antibody; isolating 
the population; and measuring the level of one or more of KO, 
Kl, or K2 lysine variants of the population. In some embodi
ments, the Fe-containing polypeptide is an antibody. 

In some embodiments, the medium comprises a concen
tration ofNH4 Cl of about 1 mM to about 30 mM, e.g., about 
1 mM, about 2 mM, about 3 mM, about 4 mM, about 5 mM, 
about 6 mM, about 7 mM, about 8 mM, about 9 mM, about 10 
mM, about 11 mM, about 12 mM, about 13 mM, about 14 
mM, about 15 mM, about 16 mM, about 17 mM, about 18 
mM, about 19 mM, about 20 mM, about 25 mM, about 30 
mM, about 40 mM, about 50 mM, or more. 

In some embodiments, the level of Kl lysine variants and/ 

35 least about 25%, at least about 30%, at least about 35%, at 
least about 40%, at least about 45%, at least about 50%, or 
more. 

In some embodiments, the method further comprises 
recording the level of KO, Kl, and/or K2 lysine variants in a 

40 print or computer-readable medium, e.g., in a test report, 
Material Safety Data Sheet (MSDS) or Certificate of Testing 
or Certificate of Analysis (CofA). 

In another aspect, the invention features a method produc
ing a recombinant Fe-containing polypeptide, comprising: 

45 culturing a cell in a medium comprising about 10 µM to about 
500 µM chloroquine under conditions in which the cell 
expresses a population of the recombinant antibody; isolating 
the population; and measuring the level of one or more of KO, 
Kl, or K2 lysine variants of the population. In some embodi-

50 ments, the Fe-containing polypeptide is an antibody. 
In some embodiments, the medium comprises chloroquine 

at a concentration of about 10 µM, about 20 µM, about 30 µM, 
about 40 µM, about 50 µM, about 60 µM, about 70 µM, about 
80 µM, about 90 µM, about 100 µM, about 110 µM, about 120 

55 µM, about 130 µM, about 140 µM, about 150 µM, about 160 
µM, about 170 µM, about 180 µM, about 190 µM, about 200 
µM, about 210 µM, about 220 µM, about 230 µM, about 250 
µM, about 250 µM, about 260 µM, about 270 µM, about 280 
µM, about 290 µM, about 300 µM, about 310 µM, about 320 

60 µM, about 330 µM, about 340 µM, about 350 µM, about 360 
µM, about 370 µM, about 380 µM, about 390 µM, about 400 
µM, about 410 µM, about 420 µM, about 430 µM, about 440 
µM, about 450 µM, about 460 µM, about 470 µM, about 480 or K2 lysine variants in the population is at least about 1 %, at 

least about 2%, at least about 3%, at least about 4%, at least 
about 5%, at least about 6%, at least about 7%, at least about 65 

8%, at least about 9%, at least about 10%, at least about 11 %, 

µM, about 490 µM, about 500 µM, or more. 
In some embodiments, the level of Kl lysine variants and/ 

or K2 lysine variants in the population is at least about 1 %, at 
least about 2%, at least about 3%, at least about 4%, at least at least about 12%, at least about 13%, at least about 14%, at 
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about 5%, at least about 6%, at least about 7%, at least about 
8%, at least about 9%, at least about 10%, at least about 11 %, 
at least about 12%, at least about 13%, at least about 14%, at 
least about 15%, at least about 16%, at least about 17%, at 
least about 18%, at least about 19%, at least about 20%, at 5 

least about 25%, at least about 30%, at least about 35%, at 
least about 40%, at least about 45%, at least about 50%, or 
more. 

14 
least about 25%, at least about 30%, at least about 35%, at 
least about 40%, at least about 45%, at least about 50%, or 
more. 

In some embodiments, the method further comprises mea
suring a level of one or more of KO, Kl, or K2 lysine variants 
in the population. In some embodiments, the method further 
comprises recording the level of one or more ofKO, Kl, or K2 
lysine variants in a print or computer-readable medium, e.g., 
in a test report, Material Safety Data Sheet (MSDS) or Cer-In some embodiments, the method further comprises 

recording the level of KO, Kl, and/or K2 lysine variants in a 
print or computer-readable medium, e.g., in a test report, 
Material Safety Data Sheet (MSDS) or Certificate of Testing 

10 tificate of Testing or Certificate of Analysis (CofA). 

or Certificate of Analysis (CofA). 

In one aspect, the invention features a method of producing 
a recombinant polypeptide, comprising: culturing a cell in a 
medium comprising at least about 1 g/L lysine, at least about 
1 g/L arginine, or at least 1 g/L of a combination oflysine and In another aspect, the invention features a method of pro

ducing a preparation of recombinant Fe-containing polypep
tides, comprising: culturing cells in a medium comprising one 
or more of: (i) about 2 g/L to about 50 g/L histidine; (ii) about 
0.5 g/L glucose to about 2 g/L glucose; (iii) about 2 mM to 
about 10 mM NH4Cl; (iv) about 5 mM to about 80 mM 
glutamine; and (v) about 10 µM to about 500 µM chloroquine; 
under conditions in which the cells express recombinant anti
bodies; and isolating the recombinant antibodies from the 
cells or the medium to produce a preparation comprising a 
target value of KO, Kl, and/or K2 lysine variants of the 
recombinant Fe-containing polypeptides. In some embodi
ments, the Fe-containing polypeptides are antibodies. 

15 arginine, under conditions in which the cell expresses a 
recombinant polypeptide. 

In some embodiments, the method further comprises iso
lating the recombinant polypeptide. In some embodiments, 
the method further comprises measuring the level of lysine 

20 and/or arginine residues at the C-terminus of the isolated 
recombinant polypeptide. In some embodiments, the method 
further comprises recording the level oflysine and/or arginine 
residues in a print or computer-readable medium, e.g., in a 
test report, Material Safety Data Sheet (MSDS) or Certificate 

25 of Testing or Certificate of Analysis (CofA). 
In some embodiments, the recombinant polypeptide is a 

recombinant antibody or a recombinant Fe fusion protein. 
In another aspect, the invention features a method of pro

ducing a recombinant antibody or recombinant Fe fusion 
30 protein, comprising: culturing a cell in a medium comprising 

at least about 1 g/L lysine, at least about 1 g/L arginine, or at 
least 1 g/L of a combination of lysine and arginine, under 
conditions in which the cell expresses a recombinant anti-

In some embodiments, the target value is a level of Fe
containing polypeptides comprising a lysine or an arginine 
residue at a carboxyl terminus. In some embodiments, the 
target value is a level of Fe-containing polypeptides compris
ing a lysine or an arginine residue at a carboxyl terminus 
relative to a sum of a level of Fe-containing polypeptides 
comprising a lysine or an arginine residue at a carboxyl ter
minus and a level of Fe-containing polypeptides not compris
ing a lysine or an arginine residue at a carboxyl terminus. In 35 

some embodiments, the level of Fe-containing polypeptides 
comprising a lysine or an arginine residue at a carboxyl ter
minus relative to the sum of the level of Fe-containing 
polypeptides comprising a lysine or an arginine residue at a 
carboxyl terminus and the level of Fe-containing polypep
tides not comprising a lysine or an arginine residue at a 
carboxyl terminus is about 0.1, about 0.2, about 0.3, about 
0.4, about 0.5, about 0.6, about 0.7, about 0.8, about 0.9, or 
about 1. 

body or a recombinant Fe fusion protein. 
In some embodiments, the method further comprises iso-

lating the recombinant antibody or the recombinant F c fusion 
protein. In some embodiments, the method further comprises 
measuring a level of one or more of KO, Kl, or K2 lysine 
variants in a preparation of the isolated recombinant antibody 

40 or the recombinant fusion protein. In some embodiments, the 
method further comprises recording the level of one or more 
of KO, Kl, or K2 lysine residues in a print or computer
readable medium, e.g., in a test report, Material Safety Data 
Sheet (MSDS) or Certificate of Testing or Certificate of 

45 Analysis (CofA). In some embodiments, the target value is a level of heavy 
chains in the population comprising a C-terminal lysine or 
arginine. In some embodiments, the target value is a level of 
heavy chains having a C-terminal lysine or arginine in the 
population of at least about 1 %, at least about 2%, at least 
about 3%, at least about 4%, at least about 5%, at least about 
6%, at least about 7%, at least about 8%, at least about 9%, at 
least about 10%, at least about 11 %, at least about 12%, at 
least about 13%, at least about 14%, at least about 15%, at 
least about 16%, at least about 17%, at least about 18%, at 
least about 19%, at least about 20%, at least about 25%, at 55 

least about 30%, at least about 35%, at least about 40%, at 
least about 45%, at least about 50%, or more. In some 
embodiments, the target value is a level of Kl lysine variants 
and/or K2 lysine variants in the population. In some embodi
ments, the target value is a level of Kl lysine variants and/or 
K2 lysine variants in the population of at least about 1 %, at 
least about 2%, at least about 3%, at least about 4%, at least 
about 5%, at least about 6%, at least about 7%, at least about 
8%, at least about 9%, at least about 10%, at least about 11 %, 
at least about 12%, at least about 13%, at least about 14%, at 
least about 15%, at least about 16%, at least about 17%, at 
least about 18%, at least about 19%, at least about 20%, at 

In another aspect, the invention features a method of pro
ducing a preparation of recombinant antibodies, comprising: 
culturing cells in a medium comprising at least about 1 g/L 
lysine, at least about 1 g/L arginine, or at least 1 g/L of a 

50 combination oflysine and arginine under conditions in which 
the cells express recombinant antibodies; and isolating the 
recombinant antibodies from the cells or the medium to pro
duce a preparation comprising a target value of KO, Kl, 
and/or K2 lysine variants. 

In some embodiments, the method further comprises mea-
suring the level of KO, Kl, and/or K2 lysine variants in the 
preparation. In some embodiments, the method further com
prises recording the level ofKO, Kl, and/or K2 lysine variants 
in a print or computer-readable medium, e.g., in a test report, 

60 Material Safety Data Sheet (MSDS) or Certificate of Testing 
or Certificate of Analysis (CofA). 

In another aspect, the invention features a method of pro
ducing a preparation of recombinant antibodies, comprising: 
culturing cells in a medium comprising at least about 1 g/L 

65 lysine, at least about 1 g/L arginine, or at least 1 g/L of a 
combination oflysine and arginine under conditions in which 
the cells express recombinant antibodies; and isolating the 
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recombinant antibodies from the cells or the medium to pro
duce a preparation comprising at least about 1 % of Kl and/or 
K2 lysine variants. 

16 
express recombinant antibodies; and isolating the recombi
nant antibodies, thereby decreasing the level of KO lysine 
variants and/or increasing the level of one or more of Kl or K2 
lysine variants in the preparation relative to a preparation of In some embodiments, the method further comprises mea

suring the level of KO, Kl and/or K2 lysine variants and 
comparing them to a reference standard (e.g., a product 
description in an FDA label, a Physician's Insert, a USP 
monograph, or an EP monograph). In some embodiments, the 
method includes recording the level of KO, Kl and/or K2 
lysine variants in a print or computer-readable medium, e.g., 
in a test report, Material Safety Data Sheet (MSDS) or Cer
tificate of Testing or Certificate of Analysis (CofA). 

5 recombinant antibodies not produced using a medium com
prising at least about 1 g/L lysine, at least about 1 g/L argin
ine, or at least 1 g/L of a combination of lysine and arginine. 

In another aspect, the invention features a method of cul
turing cells producing a recombinant antibody, comprising: 

In some embodiments, the method further comprises deter
mining the level of Kl, and/or K2 lysine variants in the 
preparation. In some embodiments, the preparation com
prises at least about 1 %, at least about 2%, at least about 3%, 

10 growing cells in a medium comprising at least about 1 g/L 
lysine, at least about 1 g/L arginine, or at least 1 g/L of a 
combination oflysine and arginine under conditions in which 
the cells express a recombinant antibody. 

In some embodiments, the method further comprises 
15 monitoring a level of one or more of KO, Kl, or K2 lysine 

variants in the culture. In some embodiments, the method 
further comprises removing the cells from the culture when 
the level of one or more of KO, Kl, or K2 lysine variants 

at least about 4%, at least about 5%, at least about 6%, at least 
about 7%, at least about 8%, at least about 9%, at least about 
10%, at least about 11 %, at least about 12%, at least about 
13%, at least about 14%, at least about 15%, at least about 20 

16%, at least about 17%, at least about 18%, at least about 
19%, at least about 20%, at least about 25%, at least about 
30%, at least about 35%, at least about 40%, at least about 
45%, at least about 50%, or more, of Kl and/or K2 lysine 
variants. 

reaches a target value. 
In another aspect, the invention features a recombinant 

polypeptide, such as a recombinant antibody, produced by a 
method described herein. 

In another aspect, the invention features a cell culture 
medium comprising at least about 1 g/L lysine, at least about 

25 1 g/L arginine, or at least 1 g/L of a combination oflysine and 
arginine. In some embodiments, the method further comprises 

recording the level of KO, Kl, and/or K2 lysine variants in a 
print or computer-readable medium, e.g., in a test report, 
Material Safety Data Sheet (MSDS) or Certificate of Testing 
or Certificate of Analysis (CofA). 

In another aspect, the invention features a cell culture com
prising: cells expressing recombinant antibodies; and a 
medium comprising at least about 1 g/L lysine, at least about 

30 1 g/L arginine, or at least 1 g/L of a combination oflysine and 
In another aspect, the invention features a method of pro

ducing a preparation of recombinant antibodies having a tar
get value of one or more of KO, Kl, or K2 lysine variants, 
comprising: culturing cells in a medium comprising lysine 
and/or arginine under conditions in which the cells express 35 

recombinant antibodies; measuring a level of one or more of 
KO, Kl, or K2 lysine variants in the culture; and isolating the 
recombinant antibodies from the cells or the medium to pro
duce a preparation of the recombinant antibodies when the 
level of one or more of KO, Kl, or K2 lysine variants in the 40 

culture is a target value. 
In some embodiments, the method further comprises 

recording the level of KO, Kl, and/or K2 lysine variants in a 
print or computer-readable medium, e.g., in a test report, 
Material Safety Data Sheet (MSDS) or Certificate of Testing 45 

or Certificate of Analysis (CofA). 
In another aspect, the invention features a method of 

decreasing a level of KO lysine variants and/or increasing a 
level of one or more of Kl or K2 lysine variants in a prepa
ration of recombinant antibodies, comprising: culturing cells 50 

in a medium comprising an amount oflysine, arginine, and/or 
a combination of lysine and arginine that is more than an 
amount oflysine, arginine, and/or a combination oflysine and 
arginine in a standard medium, wherein the cells are cultured 
under conditions in which the cells express recombinant anti- 55 

bodies; and isolating the recombinant antibodies, thereby 
decreasing the level of KO lysine variants and/or increasing 
the level of one or more of Kl or K2 lysine variants in the 
preparation relative to a preparation of recombinant antibod

arginine. 
In some embodiments, the culture comprises a target value 

of one or more of KO, Kl, or K2 lysine variants. 
In some embodiments, the culture is a batch culture, a 

continuous culture, or a fed-batch culture. 
In another aspect, the invention features a bioreactor com

prising a cell culture described herein. 
In some aspects described herein, the medium comprises 

lysine (e.g., L-lysine), arginine (e.g., L-arginine), or a com
bination oflysine ( e.g., L-lysine) and arginine ( e.g., L-argin
ine ), in an amount of at least about 1.5 g/L, at least about 2 
g/L, at least about 2.5 g/L, at least about 3 g/L, at least about 
3.5 g/L, at least about 4 g/L, at least about 4.5 g/L, at least 
about 5 g/L, at least about 5 .5 g/L, at least about 6 g/L, at least 
about 6.5 g/L, at least about 7 g/L, at least about 7.5 g/L, at 
least about 8 g/L, at least about 8.5 g/L, at least about 9 g/L, 
at least about 9.5 g/L, at least about 10 g/L, at least about 10.5 
g/L, at least about 11 g/L, at least about 11.5 g/L, at least about 
12 g/L, at least about 12.5 g/L, at least about 13 g/L, at least 
about 13.5 g/L, at least about 14 g/L, at least about 14.5 g/L, 
at least about 15 g/L, at least about 15 .5 g/L, at least about 16 
g/L, at least about 16.5 g/L, at least about 17 g/L, at least about 
17.5 g/L, at least about 18 g/L, at least about 18.5 g/L, at least 
about 19 g/L, at least about 19 .5 g/L, at least about 20 g/L, at 
least about 25 g/L, at least about 30 g/L, at least about 35 g/L, 
at least about 40 g/L, at least about 45 g/L, at least about 50 
g/L, or more. 

In other aspects, the medium comprises lysine (e.g., 
L-lysine), arginine (e.g., L-arginine), or a combination of 

ies produced from cells cultured in a standard medium. 
In another aspect, the invention features a method of 

decreasing a level of KO lysine variants and/or increasing a 
level of one or more of Kl or K2 lysine variants in a prepa
ration of recombinant antibodies, comprising: culturing cells 

60 lysine (e.g., L-lysine) and arginine (e.g., L-arginine), in an 
amount of at least about 1 mM, about 2 mM, about 3 mM, 
about 4 mM, about 5 mM, about 6 mM, about 7 mM, about 8 
mM, about 9 mM, about 10 mM, about 11 mM, about 12 mM, 

in a medium comprising at least about 1 g/L lysine, at least 65 

about 1 g/L arginine, or at least 1 g/L of a combination of 
lysine and arginine under conditions in which the cells 

about 13 mM, about 14 mM, about 15 mM, about 20 mM, 
about 25 mM, about 30 mM, about 35 mM, about 40 mM, 
about 45 mM, about 50 mM, about 55 mM, about 60 mM, 
about 65 mM, about 70 mM, about 75 mM, about 80 mM, 
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about 85 mM, about 90 mM, about 95 mM, about 100 mM, 
about 125 mM, about 150 mM, about 200 mM, about 250 
mM, about 300 mM, about 350 mM, about 400 mM, about 
450 mM, about 500 mM, or more. 

18 
about 3%, at least about 4%, at least about 5%, at least about 
6%, at least about 7%, at least about 8%, at least about 9%, at 
least about 10%, at least about 11 %, at least about 12%, at 
least about 13%, at least about 14%, at least about 15%, at 

In another aspect, the invention features a method of 
increasing a level of KO lysine variants and/or decreasing a 
level of one or more of Kl or K2 lysine variants in a prepa
ration of recombinant antibodies, comprising: culturing cells 
in a medium comprising an amount oflysine, arginine, and/or 
a combination of lysine and arginine that is less than an 
amount oflysine, arginine, and/or a combination oflysine and 
arginine in a standard medium, wherein the cells are cultured 
under conditions in which the cells express recombinant anti
bodies; and isolating the recombinant antibodies, thereby 
increasing the level of KO lysine variants and/or decreasing 
the level of one or more of Kl or K2 lysine variants in the 
preparation relative to a preparation of recombinant antibod-

5 least about 16%, at least about 17%, at least about 18%, at 
least about 19%, at least about 20%, at least about 25%, at 
least about 30%, at least about 35%, at least about 40%, at 
least about 45%, at least about 50%, or more. In some 
embodiments, the target value is a level of Kl lysine variants 

10 and/or K2 lysine variants in the population. In some embodi
ments, the target value is a level of Kl lysine variants and/or 
K2 lysine variants in the population of at least about 1 %, at 
least about 2%, at least about 3%, at least about 4%, at least 

ies produced from cells cultured in a standard medium. 
In some aspects described herein, the method further com

prises monitoring the amount of lysine, arginine, histidine, 
glucose, NH4 Cl, chloroquine, and/or glutamine in the 
medium during the culturing step, e.g., at least once, twice, 
three times or more during the culturing step. 

15 
about 5%, at least about 6%, at least about 7%, at least about 
8%, at least about 9%, at least about 10%, at least about 11 %, 
at least about 12%, at least about 13%, at least about 14%, at 
least about 15%, at least about 16%, at least about 17%, at 
least about 18%, at least about 19%, at least about 20%, at 

20 least about 25%, at least about 30%, at least about 35%, at 
least about 40%, at least about 45%, at least about 50%, or 

In some aspects described herein, the target value is a level 
set forth in a reference standard, such as a product specifica- 25 

tion or a quality criterion for a pharmaceutical preparation 
containing the recombinant antibody preparation. For 
example, the product specification is a product description in 

more. 
In another aspect, the invention features a method of manu

facturing a pharmaceutical antibody preparation, comprising: 
providing a target value of C-terminal lysine variants for a 
therapeutic recombinant antibody, providing a host cell com-
prising a nucleic acid encoding a light chain and a heavy chain 
of a recombinant antibody, culturing the host cell under con
ditions (i) in which the cell expresses the encoded light chain an FDA label, a Physician's Insert, a USP monograph, or an 

EP monograph. 
In particular embodiments, the target value is a level of KO, 

Kl, and/or K2 lysine variants in a preparation of correspond
ing recombinant antibodies. 

30 and heavy chain to form the recombinant antibody and (ii) 
which increase the intracellular pH of the cell, isolating a 
population of the therapeutic recombinant antibody from the 
cell or cell culture, and formulating the isolated population In another aspect, the invention features a method of pro

ducing a preparation of recombinant antibodies, comprising: 35 

culturing cells in a medium comprising one or more of: (i) 
about 2 g/L to about 50 g/L histidine; (ii) about 0.5 g/L 
glucose to about 2 g/L glucose; (iii) about 2 mM to about 10 
mM NH4Cl; (iv) about 5 mM to about 80 mM glutamine; and 
(v) about 10 µM to about 500 µM chloroquine; under condi- 40 

tions in which the cells express recombinant antibodies; iso
lating the recombinant antibodies from the cells or the 
medium to produce a preparation; measuring the level of KO, 
Kl, and/or K2 lysine variants of the recombinant antibodies 
in the preparation; and formulating the preparation the prepa- 45 

ration into a drug product if the level of KO, Kl, and/or K2 
lysine variants is a target value. 

In some embodiments, the target value is a level of anti
bodies comprising a lysine or an arginine residue at a car
boxyl terminus. In some embodiments, the target value is a 50 

level of antibodies comprising a lysine or an arginine residue 
at a carboxyl terminus relative to a sum ofa level of antibodies 
comprising a lysine or an arginine residue at a carboxyl ter
minus and a level of antibodies not comprising a lysine or an 
arginine residue at a carboxyl terminus. In some embodi- 55 

ments, the level of antibodies comprising a lysine or an argi
nine residue at a carboxyl terminus relative to the sum of the 
level of antibodies comprising a lysine or an arginine residue 
at a carboxyl terminus and the level of antibodies not com
prising a lysine or an arginine residue at a carboxyl terminus 60 

is about 0.1, about 0.2, about 0.3, about 0.4, about 0.5, about 
0.6, about 0.7, about 0.8, about 0.9, or about 1. 

In some embodiments, the target value is a level of heavy 
chains in the population comprising a C-terminal lysine or 
arginine. In some embodiments, the target value is a level of 65 

heavy chains having a C-terminal lysine or arginine in the 
population of at least about 1 %, at least about 2%, at least 

into a pharmaceutical drug product if the population com
prises the provided target value of C-terminal lysine variants, 
thereby manufacturing a pharmaceutical antibody prepara
tion. 

In some embodiments, the target value of C-terminal lysine 
variants is a preselected level ofC-terminal lysine-containing 
heavy chains relative to the total heavy chains in the popula
tion. In some embodiments, the target value of C-terminal 
lysine variants is a preselected level of Kl lysine variants 
and/or K2 lysine variants in the population. 

In some aspects described herein, the conditions in which 
cells (e.g., mammalian cells) express recombinant polypep
tides or recombinant antibodies comprise (i) a medium hav
ing a pH ofabout 6, about 6.5, about 6.6, about 6.7, about 6.8, 
about 6.9, about 7, about 7.1, about 7.2, about 7.3, about 7.4, 
about 7 .5, or about 8; (ii) a temperature of about 25° C., about 
26° C., about 27° C., about 28° C., about 29° C., about 30° C., 
about 31 ° C., about 32° C., about 33° C., about 34° C., about 
35° C., about 36° C., about 37° C., about 38° C., about 39° C., 
or about 40° C.; and/or (iii) a culture volume ofabout 100 mL, 
about 200 mL, about 300 mL, about 400 mL, about 500 mL, 
about 600 mL, about 700 mL, about 800 mL, about 900 mL, 
about 1 L, about 2 L, about 3 L, about 5 L, about 10 L, about 
20 L, about 30 L, about 40 L, about 50 L, about 100 L, about 
200 L, about 300 L, about 400 L, about 500 L, about 600 L, 
about 700 L, about 800 L, about 900 L, about 1000 L, or more. 

In some aspects described herein, the cells are manmialian 
cells. In certain embodiments, the manmialian cells are CHO, 
Vero, BHK, HeLa, COS, MDCK, or HEK-293 cells. 

In some aspects described herein, the recombinant anti
body is abciximab, adalimumab, alemtuzumab, basiliximab, 
bevacizumab, cetuximab, certolizumab, daclizumab, eculi
zumab, efalizumab, gemtuzumab, ibritumomab, infliximab, 
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muromonab, natalizumab, omalizumab, palivizumab, pani
tumumab, ranibizumab, rituximab, tositumomab, or trastu
zumab. 

20 
sequence" and like terms, such as "polypeptide" or "protein", 
are not meant to limit the indicated amino acid sequence to the 
complete, native amino acid sequence associated with the 

In some aspects described herein, the polypeptide is a 
fusion protein. In certain embodiments, the fusion protein is 5 

alefacept, abatacept, etanercept, rilonacept, or denileukin 
diftitox. 

recited protein molecule. 
The articles "a" and "an" are used herein to refer to one or 

to more than one (i.e., to at least one) of the grammatical 
object of the article. By way of example, "an element" means 
one element or more than one element. 

BRIEF DESCRIPTION OF THE DRAWINGS The term "pharmaceutically effective amount" or "thera-
10 peutically effective amount" refers to an amount (e.g., dose) 

effective in treating a patient, having a disorder or condition 
described herein. It is also to be understood herein that a 
"pharmaceutically effective amount" may be interpreted as 

The present teachings described herein will be more fully 
understood from the following description of various illustra
tive embodiments, when read together with the accompany
ing drawings. It should be understood that the drawings 
described below are for illustration purposes only and are not 15 

intended to limit the scope of the present teachings in any 

an amount giving a desired therapeutic effect, either taken in 
one dose or in any dosage or route, taken alone or in combi
nation with other therapeutic agents. 

The term "treatment" or "treating", as used herein, refers to 
administering a therapy in an amount, manner, and/or mode 
effective to improve a condition, symptom, or parameter 

way. 
FIG.1 is a graphic representationofthe levels of Kl and K2 

lysine residues in a preparation of a model antibody from cells 
grown in a control process, in a process supplemented with 10 
g/L lysine, in a process supplemented with 10 g/L arginine, 
compared to levels of Kl and K2 lysine residues in a prepa
ration ofHumira®. 

DETAILED DESCRIPTION 

The inventors have discovered that polypeptides ( e.g., anti
bodies) having targeted levels of carboxyl terminal (C-termi
nal) lysine or arginine residues can be produced from cells 
cultured in a medium having sufficient levels oflysine, argi
nine, and/or agents that change intracellular pH. Surprisingly, 
culturing the cells under such conditions does not affect cell 
growth, cell viability, or titer. The present disclosure encom
passes polypeptides ( e.g., antibodies) having targeted levels 
of C-terminal lysine and/or arginine residues, methods of 
making such polypeptides ( e.g., antibodies), and methods of 
using such polypeptides (e.g., antibodies). 

DEFINITIONS 

As used herein, "purified" ( or "isolated") refers to a nucleic 
acid sequence ( e.g., a polynucleotide) or an amino acid 
sequence (e.g., a polypeptide) that is substantially free of 
other components. In some embodiments, a purified poly
nucleotide or purified polypeptide is removed or separated 
from other components present in its natural environment. 
For example, an isolated polypeptide is one that is separated 
from other components of a cell in which it was produced 
( e.g., the endoplasmic reticulum or cytoplasmic proteins and 
RNA). An isolated polynucleotide is one that is separated 
from other nuclear components (e.g., histones) and/or from 
upstream or downstream nucleic acid sequences. An isolated 
nucleic acid sequence or amino acid sequence can be at least 
60% free, or at least 75% free, or at least 90% free, or at least 
95% free from other components present in natural environ
ment of the indicated nucleic acid sequence or amino acid 
sequence. 

As used herein, "polynucleotide" ( or "nucleotide 
sequence" or "nucleic acid molecule") refers to an oligo
nucleotide, nucleotide, or polynucleotide, and fragments or 
portions thereof, and to DNA and RNA of genomic or syn
thetic origin, which may be single- or double-stranded, and 
represent the sense or anti-sense strand. 

As used herein, "polypeptide" ( or "amino acid sequence" 
or "protein") refers to an oligopeptide, peptide, polypeptide, 
or protein sequence, and fragments or portions thereof, and to 
naturally occurring or synthetic molecules. "Amino acid 

20 associated with a disorder or condition or to prevent or reduce 
progression of a disorder or condition, to a degree detectable 
to one skilled in the art. An effective amount, manner, or mode 
can vary depending on the subject and may be tailored to the 

25 

subject. 
The term "subject", as used herein, means any subject for 

whom diagnosis, prognosis, or therapy is desired. For 
example, a subject can be a mammal, e.g., a human or non
human primate ( such as an ape, monkey, orangutan, or chim
panzee), a dog, cat, guinea pig, rabbit, rat, mouse, horse, 

30 cattle, or cow. 
As used herein, the term "antibody" refers to a polypeptide 

that includes at least one immunoglobulin variable region, 
e.g., an amino acid sequence that provides an immunoglobu
lin variable domain or immunoglobulin variable domain 

35 sequence. For example, an antibody can include a heavy (H) 
chain variable region (abbreviated herein as VH), and a light 
(L) chain variable region (abbreviated herein as VL). In 
another example, an antibody includes two heavy (H) chain 
variable regions and two light (L) chain variable regions. The 

40 term "antibody" encompasses antigen-binding fragments of 
antibodies ( e.g., single chain antibodies, Fab, F(ab')2 , Fd, Fv, 
and dAb fragments) as well as complete antibodies, e.g., 
intact immunoglobulins of types IgA, IgG, IgE, IgD, IgM (as 
well as subtypes thereof). The light chains of the immuno-

45 globulin can be of types kappa or lambda. In some embodi
ments, an antibody includes an Fe region. In some embodi
ments, an antibody is a therapeutic antibody. 

As used herein, the term "constant region" refers to a 
polypeptide that corresponds to, or is derived from, one or 

50 more constant region immunoglobulin domains of an anti
body. A constant region can include any or all of the following 
immunoglobulin domains: a CHI domain, a hinge region, a 
CH2 domain, a CH3 domain ( derived from an IgA, IgD, IgG, 
IgE, or IgM), and a CH4 domain (derived from an IgE or 

55 IgM). 
As used herein, the term "Fe region" refers to a polypeptide 

comprising the constant region of an antibody excluding the 
first constant region immunoglobulin domain. "Fe region" 
refers to the last two constant region immunoglobulin 

60 domains of IgA, IgD, and IgG, and the last three constant 
region immunoglobulin domains of IgE and IgM, and may 
also include part or all of the flexible hinge N-terminal to 
these domains. For IgG, "Fe region" comprises immunoglo
bulin domains Cgamma2 (Cy2) and Cgamma3 (Cy3) and the 

65 lower part of the hinge between Cganimal (Cyl) and Cy2. 
Although the boundaries of the Fe region may vary, the 
human IgG heavy chain Fe region is usually defined to com-
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prise residues starting at T223 or C226 or P230, to its car
boxyl-terminus, wherein the numbering is according to the 
EU index as in Kabat et al. (1991, NIH Publication 91-3242, 
National Technical Information Services, Springfield, Va.). 
For IgA, the Fe region comprises immunoglobulin domains 5 

Calpha2 (Ca2) and Calpha3 (Ca3) and the lower part of the 
hinge between Calphal (Cal) and Ca2. 

ant" has a lysine residue at one heavy chain C-terminus. A 
"K2 lysine variant" has a lysine residue at each heavy chain 
C-terminus. 

As used herein, "RO arginine variant", "Rl arginine vari
ant", and "R2 arginine variant" of an antibody or Fe-contain
ing polypeptide are versions of such antibody or Fe-contain
ing polypeptide ( e.g., polypeptide including an Fe dimer, e.g., 
an intact antibody) that differ in amino acid sequence only by 
the presence or absence of an arginine residue at their heavy 

As used herein, the term "Fe-containing polypeptide" 
refers to a polypeptide comprising a dimer of two polypep
tides containing Fe regions, such as an intact antibody or 10 

Fe-receptor fusion protein. 

chain carboxyl termini. An "RO arginine variant" does not 
have an arginine residue at either heavy chain C-terminus. An 
"Rl arginine variant" has an arginine residue at one heavy 
chain C-terminus. An "R2 arginine variant" has an arginine 
residue at each heavy chain C-terminus. 

As used herein, the term "Fe region variant" refers to an 
analog of an Fe region that possesses one or more Fe-medi
ated activities described herein. This term includes Fe regions 

15 
comprising one or more amino acid modifications relative to 

As used herein, "preparation" in the context of polypep
tides, fusion proteins, antibodies, or Fe-containing polypep
tides, refers to a set of individual polypeptides, fusion pro
teins, antibodies, or Fe-containing polypeptides, respectively, 
each of which comprises a particular amino acid sequence. In 
some embodiments, a preparation includes C-terminal vari
ants of such polypeptides, fusion proteins, antibodies, or Fe-

a wild type or naturally existing Fe region. For example, 
variant Fe regions can possess at least about 50% homology, 
at least about 75% homology, at least about 80% homology, at 
least about 85%, homology, at least about 90% homology, at 20 

least about 95% homology, or more, with a naturally existing 
Fe region. Fe region variants also include Fe regions com
prising one or more amino acid residues added to or deleted 
from the N- or C-terminus of a wild type Fe region. 

As used herein, the terms "coupled", "linked", "joined", 
"fused", and "fusion" are used interchangeably. These terms 
refer to the joining together of two more elements or compo
nents by whatever means, including chemical conjugation or 
recombinant means. 

The terms "overexpress," "overexpression" or "overex
pressed" interchangeably refer to a protein that is transcribed 
and translated or to a nucleic acid that is transcribed at a 
detectably greater level than the level in a control cell. The 
term includes expression due to transcription, post transcrip
tional processing, translation, post-translational processing, 
cellular localization ( e.g., organelle, cytoplasm, nucleus, cell 
surface), and RNA and protein stability, as compared to a 
control cell. Overexpression can be detected using conven
tional techniques, e.g., for detecting mRNA (i.e., RT-PCR, 
PCR, hybridization) or proteins (i.e., ELISA, immunohis
tochemical techniques). Overexpression can be expression in 
an amount greater than about 10%, 20%, 30%, 40%, 50%, 
60%, 70%, 80%, 90% or more compared to the expression in 
a control cell. In certain instances, overexpression is I-fold, 
2-fold, 3-fold, 4-fold, or more, higher level of transcription or 
translation compared to expression in a control cell. 

As used herein, "C-terminal variants" of a polypeptide 
(e.g., an antibody or an Fe-containing polypeptide) are ver
sions of such polypeptide (e.g., antibody or Fe-containing 
polypeptide) that differ in amino acid sequence only by the 
presence or absence of a particular amino acid residue at their 
carboxyl termini. In some embodiments, "C-terminal vari
ants" of a polypeptide differ only by the presence or absence 
of a lysine or arginine residue at their C-termini. In some 
embodiments, "C-terminal variants" of an antibody or Fe
containing polypeptide are KO lysine variants, Kl lysine vari
ants, K2 lysine variants, RO arginine variants, Rl arginine 
variants, and/or R2 arginine variants. 

containing polypeptides. In some embodiments, individual 
polypeptides, fusion proteins, antibodies, or Fe-containing 
polypeptides within a preparation have identical amino acid 

25 sequences but differ in the presence or absence of a particular 
amino acid residue ( e.g., a lysine residue or an arginine resi
due) at a carboxyl terminus. For example, a "preparation of 
antibodies" refers to a set of antibodies that includes one or 
more C-terminal variants. In some embodiments, a "prepara-

30 tion of antibodies" includes one or more of KO lysine variants, 
Kl lysine variants, K2 lysine variants, RO arginine variants, 
Rl arginine variants, and R2 arginine variants. 

As used herein, a "target value" is a predetermined level of 
one or more C-terminal variants, such as KO lysine variants, 

35 Kl lysine variants, K2 lysine variants, RO arginine variants, 
Rl arginine variants, and/or R2 arginine variants. In some 
embodiments, a target value is an absolute value. In some 
embodiments, a target value is a relative value. In some 
embodiments, a target value is a level of C-terminal lysine-

40 containing polypeptide relative to the sum of levels of C-ter
minal lysine-containing polypeptides and C-terminal lysine
free polypeptides, e.g., detected in a population of such 
polypeptides. 

In some embodiments, a "target value" is a level of heavy 
45 chains in a preparation of an Fe-containing polypeptide ( e.g., 

antibody) comprising a C-terminal lysine or arginine. In some 
embodiments, a target value is a level of heavy chains having 
a C-terminal lysine or arginine in such a preparation of greater 
than about 5%, greater than about 10%, greater than about 

50 15%, or greater than about 20%, or more. 
In some embodiments, a "target value" is a level of Kl 

lysine variants and/or K2 lysine variants in a preparation of 
isolated recombinant Fe-containing polypeptides (e.g., anti
bodies). In some embodiments, a target value is a level of Kl 

55 lysine variants and/or K2 lysine variants in such a preparation 
of greater than about 5%, greater than about 10%, greater than 
about 15%, or greater than about 20%, or more. 

As used herein, a "corresponding recombinant antibody" 
means a recombinant antibody that is the same recombinant 

60 antibody as a particular antibody but produced by a different 
recombinant method. For example, a corresponding recom
binant antibody can be a bioequivalent or a biosimilar anti
body. 

As used herein, "KO lysine variant", "Kl lysine variant", 
and "K2 lysine variant" of an antibody or an Fe-containing 
polypeptide are versions of such antibody or Fe-containing 
polypeptide ( e.g., polypeptide including an Fe dimer, e.g., an 
intact antibody) that differ in amino acid sequence only by the 
presence or absence of a lysine residue at their heavy chain 65 

carboxyl termini. A "KO lysine variant" does not have a lysine 
residue at either heavy chain C-terminus. A "Kl lysine vari-

Carboxypeptidases 
C-terminal lysine or arginine residues are often absent in 

proteins isolated from mammalian cell cultures, even though 
their presence may be expected on the basis of gene sequence. 
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threonine), glucose, chloroquine, methylamine, tributy
lamine, benzylamine, and triethylamine. 

In some embodiments, an activator or an inhibitor of a 
carboxypeptidase is also a pH modifying agent. For example, 

This discrepancy often results from the activity of one or 
more carboxypeptidases. The carboxypeptidase family of 
exopeptidases constitute a diverse group of enzymes that 
hydrolyze carboxyl-terminal amide bonds in polypeptides. 
Carboxypeptidase B is a zinc-containing exopeptidase cata
lyzing a hydrolytic release of the C-terminal basic amino acid 
residues of arginine and lysine from peptides and proteins. 
Other mammalian carboxypeptidases besides carboxypepti
dase B that specifically remove terminal basic amino acids 
include carboxypeptidase H (also known as enkephalin con
vertase or carboxypeptidase E (Frickler et al., J. Mal. Endo
crinol., 3: 666-673 (1989); Manser et al., Biochem. J., 267: 
517-525 (1990)), carboxypeptidase M (EC 3.4.17.12) (Tan et 
al., J. Biol. Chem., 264: 13165-13170 (1989)), carboxypep
tidase N (Tan et al., J. Biol. Chem., 265: 13-19 (1990)), 
carboxypeptidase U, carboxypeptidase D, carboxypeptidase 

5 lysine and/or arginine can inhibit a carboxypeptidase and can 
also increase intracellular pH. Without wishing to be bound 
by theory, such agents can increase levels of C-terminal lysine 
and/or arginine residues of a polypeptide ( e.g., antibody), to a 
targeted level, by inhibiting a carboxypeptidase, by increas-

10 ing intracellular pH, or both. 
As described herein, carboxypeptidase activators, carbox

ypeptidase inhibitors, and/or pH modifying agents, are used 
to produce targeted levels of C-terminal variants of polypep
tides ( e.g., antibodies). In particular instances, KO lysine vari-

R, carboxypeptidase Z, and SCPEPl (Reznik et al., CMLS, 
Cell. Mal. Life. Sci. 58: 1790-1804 (2001 )). 

15 ants, Kl lysine variants, K2 lysine variants, RO arginine vari
ants, Rl arginine variants, and/or R2 arginine variants of 
antibodies are produced. For example, carboxypeptidase 
inhibitors (e.g., arginine and/or lysine), carboxypeptidase 
activators, and/or pH modifying agents are used to prepare 

Agents for C-Terminal Modification of Polypeptides 20 targeted levels of KO lysine variants, Kl lysine variants, K2 
lysine variants, RO arginine variants, Rl arginine variants, 
and/or R2 arginine variants. 

In some embodiments, an activator or an inhibitor of a 
carboxypeptidase is used to produce targeted levels of C-ter
minal variants of polypeptides ( e.g., antibodies). Activators 
and inhibitors of various carboxypeptidases are known. 
Exemplary, nonlimiting activators for carboxypeptidase E 25 

and/or M include Co2+, Zn2 +, NiCl2 , Na2 SO4 , KC!, NaNO3 , 

NaCl, and KNO3 • Inhibitors for these enzymes include, but 
are not limited to, 1,10-phenanthroline; 4-chloromercuriph
enylsulfonate; aminopropylmercaptosuccinic acid; arginine; 
CdCl2 (Cd compounds); CuCl2 ; EDTA; FeSO4 ; Guanidino- 30 

ethylmercaptosuccinic acid (GEMSA); HgCl2 ; Leu-en
kephalin; luteinizing hormone-releasing hormone; lysine; 
Met-enkephalin; Met-Enkephalin-Arg-Gly-Leu; oxytocin; 
p-chloromercuriphenyl sulfonate; Substance P; sulfhydryl 
reagents; thyrotropin-releasing hormone; [Leu5]Enkephalin- 35 

Arg6; [Met5]Enkephalin-Arg6; and Met-Enkephalin-Arg6-
Phe7. Particular inhibitors useful in the present disclosure are 
lysine and arginine, e.g., L-lysine, D-lysine, L-arginine, 
D-arginine, and derivatives and salts thereof. 

In some embodiments, an agent capable of directly or 40 

indirectly modifying pH (e.g., intracellular pH of a cell 
described herein) ("pH modifying agent") is used to produce 
targeted levels of C-terminal variants of polypeptides ( e.g., 
antibodies). Without wishing to be bound by theory, it is 
believed that modifying, e.g., increasing, intracellular pH can 45 

modify, e.g., increase, levels ofC-terminal lysine and/or argi
nine residues on polypeptides ( e.g., antibodies) by directly or 
indirectly modifying one or more mechanisms involved in 
regulation of C-terminal lysine and/or arginine residues. Such 
a mechanism can include, or can be independent of, carbox- 50 

ypeptidase activity. For example, without wishing to be 
bound by theory, it is believed that increasing pH of intracel
lular compartments involved in the secretory pathway can 
increase levels ofC-terminal lysine and/or arginine residues 

Cells 
Any host cell that can be used to express a polypeptide of 

interest (e.g., an antibody) can be used in the methods 
described herein. The cells can contain a recombinant nucleic 
acid sequence, e.g., a gene, that encodes a polypeptide of 
interest (e.g., an antibody). For example, useful cells can 
express a recombinant polypeptide. Recombinant expression 
of a gene encoding a polypeptide, can include construction of 
an expression vector containing a polynucleotide that 
encodes the polypeptide. Once a polynucleotide has been 
obtained, a vector for the production of the polypeptide can be 
produced by recombinant DNA technology using techniques 
known in the art. Known methods can be used to construct 
expression vectors containing polypeptide coding sequences 
and appropriate transcriptional and translational control sig
nals. These methods include, for example, in vitro recombi
nant DNA techniques, synthetic techniques, and in vivo 
genetic recombination. 

An expression vector can be transferred to a host cell by 
conventional techniques, and the transfected cells can then 
cultured by conventional techniques to produce polypeptide. 
A variety of host expression vector systems can be used (see, 
e.g., U.S. Pat. No. 5,807,715). Such host-expression systems 
can be used to produce polypeptides (e.g., antibodies) and, 
where desired, subsequently purified. Such host expression 
systems include, but are not limited to, yeast ( e.g., Saccharo
myces and Pi chi a) transformed with recombinant yeast 
expression vectors containing polypeptide coding sequences; 
insect cell systems infected with recombinant virus expres-
sion vectors (e.g., baculovirus) containing polypeptide cod
ing sequences; plant cell systems infected with recombinant 
virus expression vectors (e.g., cauliflower mosaic virus, 
CaMV; tobacco mosaic virus, TMV) or transformed with 
recombinant plasmid expression vectors ( e.g., Ti plasmid) 
containing polypeptide coding sequences; or mammalian cell 
systems (e.g., COS, CHO, BHK, 293, NS0, and 3T3 cells) 
harboring recombinant expression constructs containing pro-

of a polypeptide (e.g., antibody). Accordingly, in some 55 

embodiments, a pH modifying agent that can increase pH in 
one or more compartments of secretory pathway of a cell 
(e.g., ER, Golgi, secretory vesicle) is used to increase levels 
ofC-terminal lysine and/or arginine residues of a polypeptide 
(e.g., an antibody), e.g., to a targeted level. 

Such pH modifying agents include, without limitation, 
ammonium salts ( e.g., ammonium nitrate, ammonium car
bonate, ammonium acetate, ammonium methanesulfonate, 
ammonium tolylsulfonate, ammonium chloride, ammonium 
bromide, ammonium sulfate, or ammonium phosphate), 65 

basic amino acids ( e.g., lysine, arginine, and/or histidine), 
polar amino acids ( e.g., glutamine, asparagine, serine, or 

60 moters derived from the genome of mammalian cells (e.g., 
metallothionein promoter) or from mammalian viruses ( e.g., 
the adenovirus late promoter; the vaccinia virus 7.5K pro
moter). 

For expression in mammalian host cells, viral-based 
expression systems can be utilized (see, e.g., Logan et al., 
1984, Proc. Natl. Acad. Sci. USA 8:355-359). The efficiency 
of expression can be enhanced by the inclusion of appropriate 
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transcription enhancer elements, transcription terminators, 
etc. (see, e.g., Bittner et al., 1987, Methods in Enzymol. 153: 
516-544). 

In addition, a host cell strain can be chosen that modulates 
the expression of the inserted sequences, or modifies and 5 

processes the gene product in the specific fashion desired. 
Different host cells have characteristic and specific mecha
nisms for the post-translational processing and modification 
of proteins and gene products. Appropriate cell lines or host 
systems can be chosen to ensure the correct modification and 10 

processing of the polypeptide (e.g., antibody) expressed. 
Such cells include, for example, established mammalian cell 
lines and insect cell lines, animal cells, fungal cells, and yeast 
cells. Mammalian host cells include, but are not limited to, 
CHO, Vero, BHK, HeLa, COS, MDCK, HEK-293, NIH-3T3, 15 

W138, BT483, Hs578T, HTB2, BT20, T47D, NS0 (amurine 
myeloma cell line that does not endogenously produce any 
immunoglobulin chains), CRL7O3O, HsS78Bst cells, 
PER.C6, SP2/0-Ag14, andhybridoma cells.Additional, non
limiting examples of animal or mammalian host cells include 20 

Chinese hamsterovary cells (CHO), such as CHO-Kl (ATCC 
CCL-61), DG44 (Chasin et al., 1986. Som. Cell Malec. 
Genet., 12:555-556; and Kolkekar et al., 1997, Biochem., 
36:10901-10909), CHO-DXBl 1 (G. Urlaub and L.A. Cha
sin, 1980 Proc. Natl. Acad. Sci., 77: 4216-4220. L. H. Graf, 25 

and L.A. Chasin 1982, Malec. Cell. Biol., 2: 93-96). CHO-
Kl Tet-On cell line (Clontech), CHO designated ECACC 
85050302 (CAMR, Salisbury, Wiltshire, UK), CHO clone 13 
(GEIMG, Genova, IT), CHO clone B (GEIMG, Genova, IT), 
CHO-Kl/SF designated ECACC 93061607 (CAMR, Salis- 30 

bury, Wiltshire, UK), RR-CHOKl designated ECACC 
92052129 (CAMR, Salisbury, Wiltshire, UK), dihydrofolate 
reductase negative CHO cells ( CH)/-D HFR Urlaub and Cha
sin, 1980, Proc, Natl. Acad. Sci. USA, 77:4216), and 
dp12.CHO cells (U.S. Pat. No. 5,721,121); monkey kidney 35 

CVI cells transformed by SV40 (COS cells, COS-7, ATCC 
CRL-1651); human embryonic kidney cells (e.g., 293 cells, 
or 293 cells subcloned for growth in suspension culture, Gra
ham et al., 1977, J. Gen. Viral., 36:59); baby hamster kidney 
cells (BHK, ATCC CCL-10); monkey kidney cells (CVI. 40 

ATCC CCL-70); African green monkey kidney cells (VERO-

26 
ing and combining affinity colunms such as Protein A colurmi 
with chromatography colunms, filtration, ultra filtration, salt
ing-out and dialysis procedures (see Antibodies: A Labora-
tory Manual, Ed Harlow, David Lane, Cold Spring Harbor 
Laboratory, 1988). Further, as described herein, a polypeptide 
(e.g., an antibody) can be fused to heterologous polypeptide 
sequences to facilitate purification. Polypeptides having 
desired sugar chains can be separated with a lectin colunm by 
methods known in the art (see, e.g., WO 02/30954). 

In accordance with the present disclosure, there may be 
employed conventional molecular biology, microbiology, 
and recombinant DNA techniques within the skill of the art. 
Such techniques are described in the literature (see, e.g., 
Sambrook, Fritsch & Maniatis, Molecular Cloning: A Labo
ratory Manual, Second Edition (1989) Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, N.Y.; DNA Cloning: A 
Practical Approach, Volumes I and II (D. N. Glover ed. 
1985); Oligonucleotide Synthesis (M. J. Gait ed. 1984); 
Nucleic Acid Hybridization (B. D. Hames & S. J. Higgins eds. 
(1985)); Transcription And Translation (B. D. Hames & S. J. 
Higgins, eds. (1984)); Animal Cell Culture (R. I. Freshney, 
ed. (1986)); Immobilized Cells and Enzymes (IRL Press, 
(1986)); B. Perbal, A Practical Guide To Molecular Cloning 
(1984); F. M. Ausubel et al. (eds.), Current Protocols in 
Molecular Biology, John Wiley & Sons, Inc. (1994). 
Culture Methods 

In general, targeted levels of C-terminal variants of 
polypeptides ( e.g., antibodies), can be produced by cells cul
tured in media that contains one or more carboxypeptidase 
activators, carboxypeptidase inhibitors, and/or pH modifying 
agents. For example, for producing a preparation of C-termi
nal variants ofa polypeptide ( e.g., antibody) having a reduced 
level of C-terminal lysine and/or arginine residues, cells 
expressing such polypeptides can be cultured in a medium 
that includes an elevated level of a carboxypeptidase activa
tor, a reduced level of a carboxypeptidase inhibitor (e.g., 
arginine or lysine), and/or that includes an agent that reduces 
intracellular pH. In some embodiments for producing a 
preparation of C-terminal variants of polypeptides ( e.g., anti-
bodies) having a higher level of C-terminal lysine and/or 
arginine residues, cells expressing such polypeptides can be 
cultured in a medium that contains an elevated level of a 
carboxypeptidase inhibitor ( e.g., arginine or lysine), a 
reduced level of a carboxypeptidase activator, and/or that 
includes an agent that increases intracellular pH. 

As used herein, an "elevated level" of a component means 
a higher concentration of a component than is present in a 

7 6, ATCC CRL-1587; VERO, ATCC CCL-81 ); mouse sertoli 
cells (TM4, Mather, 1980, Biol. Reprod., 23:243-251); 
human cervical carcinoma cells (HELA, ATCC CCL-2); 
canine kidney cells (MDCK, ATCC CCL-34); human lung 45 

cells (W138, ATCC CCL-75); human hepatoma cells (HEP
G2, HB 8065); mouse mammary tumor cells (MMT 060562, 
ATCC CCL-51 ); buffalo rat liver cells (BRL 3A, ATCC CRL-
1442); TRI cells (Mather, 1982, Ann. NY Acad. Sci., 383:44-
68); MCR 5 cells; and FS4 cells. 50 standard medium, and/or that is present in a medium in which 

a polypeptide is produced. In some embodiments, a compo
nent is not present in a standard medium, and an "elevated 
level" is any amount of such component. A medium can 

For long-term, high-yield production ofrecombinant pro
teins, host cells are engineered to stably express a polypeptide 
(e.g., antibody). Host cells can be transformed with DNA 
controlled by appropriate expression control elements known 
in the art, including promoter, enhancer, sequences, transcrip- 55 

tion terminators, polyadenylation sites, and selectable mark
ers. Methods commonly known in the art of recombinant 
DNA technology can be used to select a desired recombinant 
clone. 

Once a polypeptide described herein ( e.g., an antibody 60 

described herein) has been produced by recombinant expres
sion, it may be purified by any method known in the art for 
purification, for example, by chromatography ( e.g., ion 
exchange, affinity, and sizing column chromatography), cen
trifugation, differential solubility, or by any other standard 65 

technique for the purification of proteins. For example, an 
antibody can be isolated and purified by appropriately select-

include an elevated level of a component initially (i.e., at the 
start of a culture), or a starting medium can be supplemented 
with a component to achieve an elevated level of the compo-
nent at a particular time or times during culturing. For 
example, the starting medium can include at least about 2 g/L 
arginine, at least about 2 g/L lysine, or at least about 2 g/L of 
a combination of arginine and lysine. 

As used herein, a "reduced level" of a component means a 
lower concentration of a component than is present in a stan
dard medium, and/or that is present in a medium in which a 
polypeptide is produced. A medium can include a reduced 
level of a component initially (i.e., at the start of a culture), a 
starting medium can be diluted at a particular time or times 
during culturing to reduce the level of a component, or a 
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starting medium can be replaced with a medium having a 
reduced level of a component at a particular time or times 
during culturing. 

In some embodiments, a polypeptide (e.g., antibody) 
preparation having targeted values of C-terminal variants is 5 

produced by culturing a cell expressing the polypeptide ( e.g., 
antibody) under conditions that increase intracellular pH of 
the cell, e.g., that increase pH of one or more secretory com
partments of the cell described herein. Intracellular pH can be 
measured using known methods, e.g., by using a pH-sensitive 10 

green fluorescent protein (see, e.g., Tomkins et al., Am. J. 
Phys. Cell Physiol. 283:C429-37 (2002); Blackniore et al., J. 
Physol. 531 :605-617 (2001); Miesenbock et al., Nature 394: 
192-195 (1998)). In some embodiments, intracellular pH is 
increased using a pH modulating agent, e.g., an agent 15 

described herein. In some embodiments, intracellular pH 
( e.g., pH of a secretory compartment) is increased by at least 
about 10%, at least about 20%, at least about 30%, at least 
about 40%, at least about 50%, at least about 60%, at least 
about 70%, at least about 80%, at least about 90%, at least 20 

about 100%, or more. In some embodiments, intracellular pH 
(e.g., pH ofa secretory compartment) is increased by a value 

28 
about 300 µM, about 350 µM, about 400 µM, about 450 µM, 
about 500 µM, about 550 µM, about 600 µM, about 650 µM, 
about 750 µM, about 800 µM, about 850 µM, about 900 µM, 
about 950 µM, about 1 mM, about 1.25 mM, about 1.5 mM, 
about 1.75 Mm, about 2 mM, about 2.25 mM, about 2.5 mM, 
about 2.75 mM, about 3 mM, or more. 

In some embodiments, a polypeptide (e.g., antibody) 
preparation having targeted values of C-terminal variants is 
produced by culturing a cell expressing the polypeptide ( e.g., 
antibody) in a medium having an elevated level glucose. In 
some embodiments, a medium contains glucose at a concen-
tration of about 0.1 g/L to about 10 g/L, e.g., about 0.2 g/L, 
about 0.3 g/L, about 0.4 g/L, about 0.5 g/L, about 0.6 g/L, 
about 0.7 g/L, about 0.8 g/L, about 0.9 g/L, about 1 g/L, about 
1.1 g/L, about 1.2 g/L, about 1.3 g/L, about 1.4 g/L, about 1.5 
g/L, about 1.6 g/L, about 1. 7 g/L, about 1.8 g/L, about 1.9 g/L, 
about2 g/L, about2.1 g/L, about 2.2. g/L, about2.3 g/L, about 
2.4 g/L, about 2.5 g/L, about 2.6 g/L, about 2.7 g/L, about 2.8 
g/L, about 2.9 g/L, about 3 g/L, about 3.5 g/L, about 4 g/L, 
about 4.5 g/L, about 5 g/L, about 5.5 g/L, about 6 g/L, about 
6.5 g/L, about 7 g/L, about 7 .5 g/L, about 8 g/L, about 8.5 g/L, 
about 9 g/L, about 9.5 g/L, about 10 g/L, or more. 

In some embodiments, a polypeptide (e.g., antibody) 
preparation having targeted values of C-terminal variants is 

of at least about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1, 1.1, 
1.2, 1.3, 1 .4, 1.5, 1.6, 1.7, 1.8, 1.9, 2, 2.1, 2.2, 2.3, 2.4, 2.5, 2.6, 
2.7, 2.8, 2.9, 3, or more. 25 produced by culturing a cell expressing the polypeptide ( e.g., 

antibody) in a medium having an elevated level of histidine, 
lysine, arginine, or a combination of histidine, lysine, and/or 
arginine. In some embodiments, a medium contains histidine, 

In some embodiments, a polypeptide (e.g., antibody) 
preparation having targeted values of C-terminal variants is 
produced by culturing a cell expressing the polypeptide ( e.g., 
antibody) in a medium having an elevated level of an ammo
nium salt (e.g., NH4 Cl). In some embodiments, a medium 30 

contains NH4Cl at a concentration of about 1 mM to about 30 
mM, e.g., about 1 mM, about 2 mM, about 3 mM, about 4 
mM, about 5 mM, about 6 mM, about 7 mM, about 8 mM, 
about 9 mM, about 10 mM, about 11 mM, about 12 mM, 
about 13 mM, about 14 mM, about 15 mM, about 16 mM, 35 

about 17 mM, about 18 mM, about 19 mM, about 20 mM, 
about 25 mM, about 30 mM, about 40 mM, about 50 mM, or 
more. 

In some embodiments, a polypeptide (e.g., antibody) 
preparation having targeted values of C-terminal variants is 
produced by culturing a cell expressing the polypeptide ( e.g., 
antibody) in a medium having an elevated level of chloro
quine. In some embodiments, a medium contains chloroquine 
at a concentration of about 10 µM to about 500 µM, e.g., about 
10 µM, about 20 µM, about 30 µM, about 40 µM, about 50 
µM, about 60 µM, about 70 µM, about 80 µM, about 90 µM, 
about 100 µM, about 110 µM, about 120 µM, about 130 µM, 
about 140 µM, about 150 µM, about 160 µM, about 170 µM, 
about 180 µM, about 190 µM, about 200 µM, about 210 µM, 
about 220 µM, about 230 µM, about 250 µM, about 250 µM, 
about 260 µM, about 270 µM, about 280 µM, about 290 µM, 
about 300 µM, about 310 µM, about 320 µM, about 330 µM, 
about 340 µM, about 350 µM, about 360 µM, about 370 µM, 
about 380 µM, about 390 µM, about 400 µM, about 410 µM, 
about 420 µM, about 430 µM, about 440 µM, about 450 µM, 
about 460 µM, about 470 µM, about 480 µM, about 490 µM, 
about 500 µM, or more. 

In some embodiments, a polypeptide (e.g., antibody) 
preparation having targeted values ofC-terminal variants of 
such polypeptide (e.g., antibody) is produced by culturing a 
cell expressing the polypeptide (e.g., antibody) in a medium 
having an elevated level of methylamine, tributylamine, ben
zylamine, and/or triethylamine. In some embodiments, a 
medium contains methylamine, tributylamine, benzylamine, 
triethylamine, or a combination thereof, at a concentration of 
about 10 µMto about 3 mM, e.g., about 10 µM, about 50 µM, 
about 100 µM, about 150 µM, about 200 µM, about 250 µM, 

lysine, arginine, or a combination of histidine, lysine, and/or 
arginine, at a concentration of about 1 g/L to about 50 g/L, for 
example, at least about 1 g/L, at least about 1.5 g/L, at least 
about 2 g/L, at least about 2.5 g/L, at least about 3 g/L, at least 
about 3.5 g/L, at least about 4 g/L, at least about 4.5 g/L, at 
least about 5 g/L, at least about 5.5 g/L, at least about 6 g/L, 
at least about 6.5 g/L, at least about 7 g/L, at least about 7.5 
g/L, at least about 8 g/L, at least about 8.5 g/L, at least about 
9 g/L, at least about 9.5 g/L, at least about 10 g/L, at least 
about 10.5 g/L, at least about 11 g/L, at least about 11.5 g/L, 
at least about 12 g/L, at least about 12.5 g/L, at least about 13 

40 g/L, at least about 13 .5 g/L, at least about 14 g/L, at least about 
14.5 g/L, at least about 15 g/L, at least about 15 .5 g/L, at least 
about 16 g/L, at least about 16.5 g/L, at least about 17 g/L, at 
least about 17.5 g/L, at least about 18 g/L, at least about 18.5 
g/L, at least about 19 g/L, at least about 19 .5 g/L, at least about 

45 20 g/L, at least about 25 g/L, at least about 30 g/L, at least 
about 35 g/L, at least about 40 g/L, at least about 45 g/L, at 
least about 50 g/L, or more. 

In some embodiments, a polypeptide (e.g., antibody) 
preparation having targeted values of C-terminal variants is 

50 produced by culturing a cell expressing the polypeptide ( e.g., 
antibody) in a medium having an elevated level of glutamine. 
In some embodiments, a medium contains glutamine at a 
concentration of about 5 mM to about 80 mM, e.g., about 5 
mM, about 10 mM, about 15 mM, about 20 mM, about 25 

55 mM, about 30 mM, about 35 mM, about 40 mM, about 45 
mM, about 50 mM, about 55 mM, about 60 mM, about 65 
mM, about 70 mM, about 75 mM, about 80 mM, or more. 

Cells can be cultured in a variety of cell culture media 
known in the art, which are modified according to the disclo-

60 sure to include one or more carboxypeptidase activators, one 
or more carboxypeptidase inhibitors, and/or one or more pH 
modifying agents (e.g., at an elevated or reduced level) 
described herein. Cell culture medium is understood by those 
of skill in the art to refer to a nutrient solution in which cells, 

65 such as animal or mammalian cells, are grown. A cell culture 
medium generally includes one or more of the following 
components: an energy source (e.g., a carbohydrate such as 
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ypeptidase activator( s ), one or more carboxypeptidase inhibi
tor(s ), and/or one or more pH modifying agents. 

In some embodiments, a polypeptide (e.g., antibody) 
preparation having targeted values of C-terminal variants is 

glucose); amino acids; vitamins; lipids or free fatty acids; and 
trace elements, e.g., inorganic compounds or naturally occur
ring elements in the micromolar range. Cell culture medium 
can also contain additional components, such as hormones 
and other growth factors (e.g., insulin, transferrin, epidermal 
growth factor, serum, and the like); salts ( e.g., calcium, mag
nesium and phosphate); buffers (e.g., HEPES); nucleosides 
and bases (e.g., adenosine, thymidine, hypoxanthine); antibi
otics (e.g., gentamycin); and cell protective agents (e.g., a 
Pluronic polyol (Pluronic F68)). 

5 produced by continuous culture of cells expressing the 
polypeptide in a medium having at least about 2 g/L arginine, 
at least about 2 g/L lysine, at least about 2 g/L of histidine, at 
least about 2 g/L of a combination of arginine, lysine and/or 
histidine, at least about 5 mM NH4Cl, about 10 µM to about 

10 500 µM chloroquine, about 10 mM to about 30 mM 
glutamine, and/or about 0.5 g/L to about 2 g/L glucose. Media that has been prepared or commercially available 

can be modified according to the present disclosure for utili
zation in the methods described herein. Nonlimiting 
examples of such media include Minimal Essential Medium 
(MEM, Sigma, St. Louis, Mo.); Ham's Fl0Medium(Sigma); 15 

Dulbecco's Modified Eagles Medium (DMEM, Sigma); 
RPM I-1640 Medium (Sigma); HyClone cell culture medium 
(HyClone, Logan, Utah); Power CHO2 (Lonza Inc., Allen
dale, N.J.); and chemically-defined (CD) media, which are 
formulated for particular cell types, e.g., CD-CHO Medium 20 

(Invitrogen, Carlsbad, Calif.). Culture medium suitable for 
the particular cells being cultured can be determined by a 
person of ordinary skill in the art without undue experimen
tation. 

Fed-batch culture is a method between batch culture and 
continuous culture. In a fed-batch culture, a medium is fed 
continuously or sequentially during the culture, but unlike the 
continuous culture, discharge of the culture solution is not 
carried out during the culture. For example, for the production 
of targeted levels of C-terminal variants using fed-batch cul
ture, the medium added during the culture can have an 
elevated level or a reduced level of one or more carboxypep
tidase activators, one or more carboxypeptidase inhibitors, 
and/or one or more pH modifying agents. 

In some embodiments, a polypeptide (e.g., antibody) 
preparation having targeted values of C-terminal variants is 
produced by adding medium to a fed batch culture of cells 

Cell culture conditions (including pH, 0 2 , CO2 , and tem
perature) suitable for cellular production of polypeptides 
described herein ( e.g., antibodies) are those that are known in 
the art, such as conditions for batch, continuous, or fed-batch 
culturing of cells. For example, pH of cell culture medium is 
generally maintained at about 6.8 to about 7.6. 

25 expressing the polypeptide sufficient to achieve at least about 
2 g/L arginine, at least about 2 g/L lysine, at least about 2 g/L 
of histidine, at least about 2 g/L of a combination of arginine, 
lysine and/or histidine, at least about 5 mM NH4 Cl, about 10 
µM to about 500 µM chloroquine, about 10 mM to about 30 

In general, cell culture methods are classified as batch 
culture, continuous culture, and fed-batch culture. Any of 
these culture methods can be used to grow cells that produce 
targeted levels ofC-terminal variants. 

30 mM glutamine, and/or about 0.5 g/L to about 2 g/L glucose, 
in the culture medium. 

In batch culture, a small amount of seed culture solution is 35 

added to a medium and cells are grown without any addition 
of a new medium or discharge of the culture solution during 
the culture. For the production of targeted levels of C-termi
nal variants using batch culture, the medium comprises an 
elevated level or a reduced level of one or more carboxypep- 40 

tidase activator(s), one or more carboxypeptidase inhibitor 
(s), and/or one or more a pH modifying agents from an initial 
stage of the cell culture. 

In some embodiments, a polypeptide (e.g., antibody) 
preparation having targeted values of C-terminal variants is 45 

produced by batch culture of cells expressing the polypeptide 
in a medium having at least about 2 g/L arginine, at least about 
2 g/L lysine, at least about 2 g/L of histidine, at least about 2 
g/L of a combination of arginine, lysine and/or histidine, at 
least about 5 mM NH4Cl, about 10 µM to about 500 µM 50 

chloroquine, about 10 mM to about 30 mM glutamine, and/or 
about 0.5 g/L to about 2 g/L glucose. 

Continuous culture is a culture method in which a medium 

According to the present disclosure, cell culture can be 
carried out under conditions for the large or small scale pro
duction of polypeptides ( e.g., antibodies), using culture ves
sels and/or culture apparatuses that are conventionally 
employed for animal or mammalian cell culture. For 
example, tissue culture dishes, T-flasks, shaker flasks, and 
spinner flasks can be used on a laboratory scale. For culturing 
on a larger scale ( e.g., 500 L, 5000 L, or more), a fluidized bed 
bioreactor, a hollow fiber bioreactor, a roller bottle culture, or 
a stirred tank bioreactor system can be used ( e.g., as described 
in U.S. Pat. Nos. 7,541,164 and 7,332,303). 

In particular methods, the level of C-terminal variants in a 
preparation of polypeptides (e.g., antibodies) is monitored 
during a particular cell culture, thereby allowing adjustment 
( e.g., increasing or decreasing the amount of one or more 
carboxypeptidase inhibitors, one or more carboxypeptidase 
activators, and/or one or more pH modifying agents in the 
culture) or possibly termination of the culture in order, for 
example, to achieve a target level ofC-terminal variants. 
Polypeptides 

The methods described herein can be used to produce any 
polypeptide ofinterest, such as an antibody, an Fe-containing 
polypeptide, and/or a fusion protein. 

The basic structure of an IgG antibody consists of two 
identical light polypeptide chains and two identical heavy 
polypeptide chains linked together by disulfide bonds. The 
first domain located at the amino terminus of each chain is 
variable in amino acid sequence, providing the antibody bind-

is added and discharged continuously during the culture. This 
continuous method includes perfusion culture. For example, 55 

in the production of targeted levels of C-terminal variants 
using continuous culture, the medium added during the cul
ture can have an elevated level or a reduced level of one or 
more carboxypeptidase activator(s), one or more carbox
ypeptidase inhibitor(s), and/or one or more pH modifying 
agents. In certain methods, the initial culture medium does 
not include an elevated level or a reduced level of one or more 
carboxypeptidase activator(s ), one or more carboxypeptidase 
inhibitor(s ), and/or one or more pH modifying agents, but at 

60 ing specificities found in each individual antibody. These are 
known as variable heavy (VH) and variable light (VL) 
regions. The other domains of each chain are relatively invari
ant in amino acid sequence and are known as constant heavy 
(CH) and constant light (CL) regions. For an IgG antibody, 

a particular time point during the continuous culture ( such as 
during production phase), the medium added during the cul
ture is elevated or reduced in the level of one or more carbox-

65 the light chain includes one variable region (VL) and one 
constant region (CL). An IgG heavy chain includes a variable 
region (VH), a first constant region (CHI), a hinge region, a 
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second constant region (CH2), and a third constant region 
(CH3). In IgE and IgM antibodies, the heavy chain includes 
an additional constant region (CH4). 

The nucleic acid sequences encoding antibodies and Fe
containing polypeptides typically encode a lysine residue at 
the C-terminus of the heavy chains. C-terminal lysines, how
ever, are often absent, or are present at reduced levels, in 
antibodies and Fe-containing polypeptides isolated from 
mammalian cell cultures. In some embodiments, the present 
methods can increase the amount oflysine residues on anti
bodies or Fe-containing polypeptides in an antibody prepa
ration or a preparation of Fe-containing polypeptides. As used 
herein, "KO" means an antibody or Fe-containing polypep
tide not having a lysine residue on either heavy chain C-ter
minus. As used herein, "Kl" means an antibody or Fe-con
taining polypeptide having a lysine residue on one heavy 
chain C-terminus. As used herein, "K2" means an antibody or 
Fe-containing polypeptide having a lysine residue on each 
heavy chain C-terminus. 

Antibodies can include, for example, monoclonal antibod
ies, polyclonal antibodies, multispecific antibodies, human 
antibodies, humanized antibodies, camelized antibodies, chi
meric antibodies, single-chain Fvs (scFv), disulfide-linked 
Fvs (sdFv), and anti-idiotypic (anti-Id) antibodies, and anti
gen-binding fragments of any of the above. Antibodies can be 
of any type (e.g., IgG, IgE, IgM, IgD, IgA and IgY), class 
(e.g., IgGl, IgG2, IgG3, IgG4, IgAl and IgA2) or subclass. 

The term "Fe fragment", as used herein, refers to one or 
more fragments of an Fe region that retains an Fe function 
and/or activity, such as binding to an Fe receptor. Examples of 
such fragments include fragments that include an N-linked 
glycosylation site of an Fe region (e.g., anAsn297 of an IgG 
heavy chain or homologous sites of other antibody isotypes ), 
such as a CH2 domain. The term "antigen binding fragment" 
of an antibody, as used herein, refers to one or more fragments 
of an antibody that retain the ability to specifically bind to an 
antigen. Examples of binding fragments encompassed within 
the term "antigen binding fragment" of an antibody include a 
Fab fragment, a F(ab')2 fragment, a Fd fragment, a Fv frag
ment, a scFv fragment, a dAb fragment (Ward et al., (1989) 
Nature 341: 544-546), and an isolated complementarity deter
mining region (CDR). These antibody fragments can be 
obtained using conventional techniques known to those with 
skill in the art, and the fragments can be screened for utility in 
the same manner as are intact antibodies. 

Antibodies or fragments of the compositions and methods 
described herein can be produced by any method known in 
the art for the synthesis of antibodies (see, e.g., Harlow et al., 
Antibodies: A Laboratory Manual, (Cold Spring Harbor 
Laboratory Press, 2nd ed. 1988); Brinkman et al., 1995, J. 
Immunol. Methods 182:41-50; WO 92/22324; WO 
98/46645). Chimeric antibodies can be produced using the 
methods described in, e.g., Morrison, 1985. Science 229: 
1202, and humanized antibodies by methods described in, 
e.g., U.S. Pat. No. 6,180,370. 

Additional antibodies of the compositions and methods 
described herein are bispecific antibodies and multivalent 
antibodies, as described in, e.g., Segal et al., J. Immunol. 
Meth. 248:1-6 (2001); and Tutt et al. J. Immunol. 147: 60 
(1991). 

Fe-containing polypeptides include, without limitation, 
fusion proteins, e.g., Fe regions or Fe fragments conjugated or 
fused to one or more heterologous moieties. Heterologous 
moieties include, but are not limited to, peptides, polypep
tides, proteins, fusion proteins, nucleic acid molecules, small 
molecules, mimetic agents, synthetic drugs, inorganic mol
ecules, and organic molecules. In some instances, an Fe-

32 
containing polypeptide is or includes a fusion protein com
prising a peptide, polypeptide, protein scaffold, scFv, dsFv, 
diabody, Tandab, or an antibody mimetic fused to an Fe 
region, such as a glycosylated Fe region. The fusion protein 

5 can include a linker region connecting the Fe region to the 
heterologous moiety (see, e.g., Hallewell et al. (1989), J. Biol. 
Chem. 264, 5260-5268; Alfthan et al. (1995) Protein Eng. 
8:725-731 ). 

In some instances, an Fe-containing polypeptide is or 
10 includes an Fe region conjugated to a heterologous polypep

tide of at least 10, at least 20, at least 30, at least 40, at least 50, 
at least 60, at least 70, at least 80, at least 90 or at least 100 
amino acids. In some instances, an Fe-containing polypeptide 
is or includes an Fe region (or an Fe fragment) conjugated to 

15 a marker sequence, such as a peptide to facilitate purification. 
A particular marker amino acid sequence is a hexa-histidine 
peptide, such as the tag provided in a pQE vector (QIAGEN, 
Inc., 9259 Eton Avenue, Chatsworth, Calif., 91311). Other 
peptide tags useful for purification include, but are not limited 

20 to, the hemagglutinin "HA" tag, which corresponds to an 
epitope derived from the influenza hemagglutinin protein 
(Wilson et al., 1984, Cell 37:767) and the "Flag" tag. 

In other instances, an Fe-containing polypeptide is or 
includes an Fe region conjugated to a diagnostic or detectable 

25 agent. Such Fe-containing polypeptides can be useful for 
monitoring or prognosing the development or progression of 
disease or disorder as part of a clinical testing procedure, such 
as determining the efficacy ofa particular therapy. Such diag
nosis and detection can be accomplished by coupling the 

30 glycoprotein to detectable substances including, but not lim
ited to, various enzymes, such as but not limited to horserad
ish peroxidase, alkaline phosphatase, beta-galactosidase, or 
acetylcholinesterase; prosthetic groups, such as, but not lim
ited to, streptavidin/biotin and avidin/biotin; fluorescent 

35 materials, such as, but not limited to, umbelliferone, fluores
cein, fluorescein isothiocynate, rhodamine, dichlorotriaziny
lamine fluorescein, dansyl chloride or phycoerythrin; lumi
nescent materials, such as, but not limited to, luminol; 
bioluminescent materials, such as but not limited to, 

40 luciferase, luciferin, and aequorin; radioactive materials, 
such as but not limited to iodine (1 31 I, 1251, 1231), carbon (14C), 
sulfur (35S), tritium (3H), indium (1 15In, 113In, 112In, 111In), 
technetium (99Tc), thallium (201Ti) gallium (68Ga, 67Ga), 
palladium (1 03Pd), molybdenum (99Mo ), xenon (1 33Xe ), 

45 fluorine (1sF), 1s3Sm, l 77Lu, 1s3Gd, 1s9Gd, 149Pm, 14oLa, 
169Yb, 17sYb, 166Ho, 9oY, 47Sc, 1s6Re, 1ssRe, 142Pr, 10sRh 
97Ru, 6sGe, s7Co, 6szn, sssr, 32P, s1cr, s4Mn, 7sse, 113Sn, and 
11 7 Sn; positron emitting metals using various positron emis
sion tomographies, non-radioactive paramagnetic metal ions, 

50 and molecules that are radio labelled or conjugated to specific 
radioisotopes. 

Techniques for conjugating therapeutic moieties to anti
bodies and/or Fe-containing polypeptides are well known 
(see, e.g., Amon et al., "Monoclonal Antibodies For Immu-

55 notargeting Of Drugs In Cancer Therapy", in Monoclonal 
Antibodies and Cancer Therapy, Reisfeld et al. (eds.), pp. 
243-56. (Alan R. Liss, Inc. 1985); Hellstrom et al., "Antibod
ies For Drug Delivery", in Controlled Drug Delivery (2nd 
Ed.), Robinson et al. (eds.), pp. 623-53 (Marcel Dekker, Inc. 

60 1987)). 
Nonlimiting, exemplary polypeptides that can be produced 

using the methods described herein include abatacept (Oren
cia®, Bristol-Myers Squibb), abciximab (ReoPro®, Roche), 
adalimumab (Humira®, Bristol-Myers Squibb), alefacept 

65 (Amevive®, Astellas Pharma), alemtuzumab (Campath®, 
Genzyme/Bayer), basiliximab (Simulect®, Novartis), beva
cizumab (Avastin®, Roche), certolizumab (CIMZIA®, 
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UCB, Brussels, Belgium), cetuximab (Erbitux®, Merck-Se
rano ), daclizumab (Zenapax®, Hoffmann-La Roche), 
denileukin diftitox (Ontak®, Eisai), eculizumab (Soliris®, 
Alexion Pharmaceuticals), efalizumab (Raptiva®, Genen
tech), etanercept (Enbrel®, Amgen-Pfizer), gemtuzumab 
(Mylotarg®, Pfizer), ibritumomab (Zevalin®, Spectrum 
Pharmaceuticals), infliximab (Remicadea Centocor), 
muromonab (Orthoclone OKT3®, Janssen-Cilag), natali
zumab (Tysabri®, Biogen Idec, Elan), omalizumab (Xolair®, 
Novartis), palivizumab (Synagis®, Medimmune), panitu
mumab (Vectibix®, Amgen), ranibizumab (Lucentis®, 
Genentech), rilonacept (Arcalyst®, Regeneron Pharmaceuti
cals), rituximab (MabThera®, Roche), tositumomab 
(Bexxar®, GlaxoSmithKline), and trastuzumab (Hercep
tin®, Roche). 

34 
In other methods, polypeptides (e.g., antibodies) are ana

lyzed by mass spectrometry (MS) and related methods, 
including but not limited to, tandem MS, LC-MS, LC-MS/ 
MS, matrix assisted laser desorption ionisation mass spec-

5 trometry (MALDI-MS), Fourier transform mass spectrom
etry (FTMS), ionmobility separation with mass spectrometry 
(IMS-MS), electron transfer dissociation (ETD-MS), and 
combinations thereof. 

Other methods of analyzing polypeptides ( e.g., antibodies) 
10 include electrophoretic methods, including but not limited to, 

capillary electrophoresis (CE), CE-MS, gel electrophoresis, 
agarose gel electrophoresis, acrylamide gel electrophoresis, 
SDS-polyacrylamide gel electrophoresis (SDS-PAGE) fol
lowed by Western blotting using antibodies that recognize 

15 specific amino acids, and combinations thereof. 
Yet other analysis methods include nuclear magnetic reso

nance (NMR) and related methods, including but not limited 
to, one-dimensional NMR (lD-NMR), two-dimensional 
NMR (2D-NMR), correlation spectroscopy magnetic-angle 

20 spinning NMR (COSY-NMR), total correlated spectroscopy 
NMR (TOCSY-NMR), heteronuclear single-quantum coher
ence NMR (HSQC-NMR), heteronuclear multiple quantum 
coherence (HMQC-NMR), rotational nuclear overhauser 
effect spectroscopy NMR (ROESY-NMR), nuclear over-

A recombinant polypeptide described herein ( e.g., an anti
body) can be incorporated into a pharmaceutical composi
tion. Such a pharmaceutical composition is useful in the 
prevention and/or treatment of diseases. Pharmaceutical 
compositions comprising a polypeptide (e.g., an antibody) 
can be formulated by methods known to those skilled in the 
art. The pharmaceutical composition can be administered 
parenterally in the form of an injectable formulation compris
ing a sterile solution or suspension in water or another phar
maceutically acceptable liquid. For example, the pharmaceu
tical composition can be formulated by suitably combining 
the polypeptide with pharmaceutically acceptable vehicles or 
media, such as sterile water and physiological saline, veg
etable oil, emulsifier, suspension agent, surfactant, stabilizer, 30 

flavoring excipient, diluent, vehicle, preservative, binder, fol
lowed by mixing in a unit dose form required for generally 
accepted pharmaceutical practices. The amount of active 
ingredient included in the pharmaceutical preparations is 
such that a suitable dose within the designated range is pro- 35 

vided. 

25 hauser effect spectroscopy (NOESY-NMR), and combina
tions thereof. 

In some instances, the level of C-terminal variants in a 
preparation of polypeptides ( e.g., level of g KO, Kl, and/or K2 
lysine variants in a preparation of antibodies or Fe-containing 
polypeptides), produced using a method described herein can 
be compared to a target value ( e.g., reference standard), e.g., 
to make a decision regarding the composition of the polypep
tide preparation, e.g., a decision to classify, select, accept or 
discard, release or withhold, process into a drug product, ship, 
move to a different location, formulate, label, package, 
release into commerce, or sell or offer for sale the polypep-

Route of administration can be parenteral, for example, 
administration by injection, transnasal administration, 
transpulmonary administration, or transcutaneous adminis
tration. Administration can be systemic or local by intrave
nous injection, intramuscular injection, intraperitoneal injec
tion, subcutaneous injection. 

A suitable means of administration can be selected based 
on the age and condition of the patient. A single dose of the 
pharmaceutical composition containing a polypeptide ( e.g., 
antibody) can be selected from a range of 0.001 mg/kg of 
body weight to 1000 mg/kg of body weight. On the other 
hand, a dose can be selected in the range of 0.001 mg/kg of 
body weight to 100000 mg/kg of body weight, but the present 
disclosure is not limited to such ranges. The dose and method 
of administration varies depending on the weight, age, con
dition, and the like of the patient, and can be suitably selected 
as needed by those skilled in the art. 

In other instances, a recombinant polypeptide (e.g., anti
body) can be used to screen for disease or for agents that can 
treat or prevent disease. 
Methods of Assaying Levels of C-Terminal Variants and 
Polypeptide Activity 

The level ofC-terminal variants of a reference polypeptide 
(e.g., a reference antibody) can be assayed by known methods 
(see, e.g., Dick et al., Biotechnol. Bioeng. 100:1132-1143 
(2008)). For example, polypeptides (e.g., antibodies) can be 
analyzed by chromatographic methods, including but not lim
ited to, liquid chromatography (LC), high performance liquid 
chromatography (HPLC), ultra performance liquid chroma
tography (UPLC), thin layer chromatography (TLC), amide 
colunm chromatography, and combinations thereof. 

tide, e.g., a recombinant antibody. In other instances, the 
decision can be to accept, modify or reject a production 
parameter or parameters used to make the polypeptide, e.g., 

40 an antibody. Particular, nonlimiting examples of reference 
standards include a control level (e.g., a polypeptide pro
duced by a different method) or a range or value in a product 
specification (e.g., an FDA label or Physician's Insert) or 
quality criterion for a pharmaceutical preparation containing 

45 the polypeptide preparation. 
In some instances, methods (i.e., evaluation, identification, 

and production methods) include taking action ( e.g., physical 
action) in response to the methods disclosed herein. For 
example, a polypeptide preparation is classified, selected, 

50 accepted or discarded, released or withheld, processed into a 
drug product, shipped, moved to a different location, formu
lated, labeled, packaged, released into commerce, or sold or 
offered for sale, depending on whether the preselected or 
target value is met. In some instances, processing may include 

55 formulating (e.g., combining with pharmaceutical excipi
ents), packaging (e.g., in a syringe or vial), labeling, or ship
ping at least a portion of the polypeptide preparation. In some 
instances, processing includes formulating (e.g., combining 
with pharmaceutical excipients ), packaging ( e.g., in a syringe 

60 or vial), and labeling at least a portion of the preparation as a 
drug product described herein. Processing can include direct
ing and/or contracting another party to process as described 
herein. 

In some instances, a biological activity of a polypeptide 
65 preparation (e.g., an antibody preparation) is assessed. Bio

logical activity of the preparation can be analyzed by any 
known method. In some embodiments, a binding activity of a 
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polypeptide is assessed ( e.g., binding to a receptor). In some 
embodiments, a therapeutic activity of a polypeptide is 
assessed ( e.g., an activity of a polypeptide in decreasing 
severity or symptom of a disease or condition, or in delaying 
appearance of a symptom of a disease or condition). In some 5 

embodiments, a pharmacologic activity of a polypeptide is 
assessed ( e.g., bioavailability, pharmacokinetics, pharmaco
dynamics ). For methods of analyzing bioavailability, phar
macokinetics, and pharmacodynamics of glycoprotein thera
peutics, see, e.g., Weiner et al., J. Pharm. Biomed. Anal. 10 

15(5):571-9, 1997; Srinivas et al., J. Pharm. Sci. 85(1):1-4, 
1996; and Srinivas et al., Pharm. Res. 14(7):911-6, 1997. 

The particular biological activity or therapeutic activity 
that can be tested will vary depending on the particular 

15 
polypeptide ( e.g., antibody). The potential adverse activity or 
toxicity ( e.g., propensity to cause hypertension, allergic reac
tions, thrombotic events, seizures, or other adverse events) of 
polypeptide preparations can be analyzed by any available 
method. In some embodiments, immunogenicity of a 20 

polypeptide preparation is assessed, e.g., by determining 
whether the preparation elicits an antibody response in a 
subject. 

All publications, patent applications, patents, and other 
references mentioned herein are incorporated by reference in 25 

their entirety. In addition, the materials, methods, and 
examples are illustrative only and not intended to be limiting. 
Unless otherwise defined, all technical and scientific terms 
used herein have the same meaning as commonly understood 
by one of ordinary skill in the art to which this invention 30 

belongs. Although methods and materials similar or equiva
lent to those described herein can be used in the practice or 
testing of the present invention, suitable methods and mate
rials are described herein. 

The disclosure is further illustrated by the following 35 

example. The example is provided for illustrative purposes 
only. It is not to be construed as limiting the scope or content 
of the disclosure in any way. 

36 
Further, when the antibodies produced were subsequently 

digested with carboxypeptidase, the levels of Kl and K2 
lysine residues returned to baseline, indicating that the levels 
of Kl and K2 were not due to nonspecific charge differences 
(e.g., due to amidation of the antibody). 

Additional data showed that a controlled glucose feed 
resulted in increased levels of Kl lysines compared to bolus 
glucose feeds. Without wishing to be bound by theory, it is 
believed that by controlling glucose levels during culture, 
lactate levels can be reduced, resulting in increased intracel
lular pH. 

Further data showed that the inclusion ofNH4 Cl in culture 
media resulted in increased levels of Kl and K2 lysine resi
dues compared to controls. 

EQUIVALENTS 

It is to be understood that while the disclosure has been 
described in conjunction with the detailed description 
thereof, the foregoing description is intended to illustrate and 
not limit the scope of the invention, which is defined by the 
scope of the appended claims. Other aspects, advantages, and 
modifications are within the scope of the following claims. 

The invention claimed is: 
1. A method of producing a preparation of a recombinant 

antibody, comprising: 
culturing a cell in a medium under conditions in which the 

cell expresses a recombinant antibody, wherein the 
medium comprises 1.5 g/L lysine to less than 20 g/L 
lysine; and 

isolating the recombinant antibody, thereby producing a 
preparation of the recombinant antibody. 

2. The method of claim 1, wherein the medium comprises 
2 g/L lysine to 19.5 g/L lysine. 

3. The method of claim 1, wherein the medium comprises 
5 g/L lysine to 15 g/L lysine. 

4. The method of claim 1, wherein the medium comprises 
8 g/L lysine to 12 g/L lysine. 

EXAMPLE 
5. The method of claim 1, wherein the medium comprises 

40 10 g/L lysine. 

Preparation of Antibody with Increased Kl and K2 
Lysine Residues 

Method 
The carboxyl-terminal lysine residues of a model antibody 

produced by CHO cells were analyzed. CL320 CHO cells 
were grown in a shake flask initially in base media (Power 
CHO2, Catalog#BE15-771, Lonzainc.,Allendale, N.J.) with 
4 mM L-Gln and no other supplements. Cells were grown for 
4 days, and the number of cells increased from 0.54E6/mL to 
4E6/mL. On Day 4, the cells were fed with 20% Lonza Power 
Feed A medium or with 20% Power Feed A medium supple
mented with 10 g/L L-Lys or L-Arg. On Day 5, 10 g/L 
cottonseed hydrolysate was added. VCD and viability were 
assessed, and cells were harvested on Day 10. The antibodies 
produced under the various conditions were evaluated for 
titer and C-terminal lysine by ion exchange chromatography. 
Results 

6. The method of claim 1, wherein the culturing produces 
C-terminal variants of the recombinant antibody that differ in 
amino acid sequence only by the presence or absence of a 
lysine at their carboxyl termini, and the method further com-

45 prises measuring a level of one or more C-terminal variants of 
the recombinant antibody in the preparation. 

7. The method of claim 6, wherein the C-terminal variants 
of the recombinant antibody comprise one or more of a Kl 
lysine variant of the recombinant antibody and a K2 lysine 

50 variant of the recombinant antibody. 
8. The method of claim 7, wherein the level of one or more 

of Kl lysine variant and K2 lysine variant in the preparation 
is increased relative to a preparation of the recombinant anti
body produced using a medium not comprising 1. 5 g/L lysine 

55 to less than 20 g/L lysine. 
9. The method of claim 7, wherein the preparation com

prises a target value of one or more of Kl lysine variants of the 
recombinant antibody and K2 lysine variants of the recombi
nant antibody. 

As shown in FIG. 1, antibodies from cells fed with L-Lys 60 

Feed or with L-Arg Feed both had levels of Kl and K2 lysine 
similar to that of a sample ofHumira®. Surprisingly, addition 

10. The method of claim 9, wherein the target value of Kl 
lysine variants of the recombinant antibody is at least 10% of 
the recombinant antibody in the preparation. 

of 10 g/L L-Lys or 10 g/L L-Arg did not affect growth, 
viability, or titers. Addition of a combination of L-Lys (10 
g/L) and L-Arg (10 g/L) resulted in cell death, which may 
have been the result of not adjusting the pH to appropriate cell 
culture levels. 

11. The method of claim 9, wherein the target value of K2 
lysine variants of the recombinant antibody is at least 4% of 

65 the recombinant antibody in the preparation. 
12. The method of claim 1, wherein the host cell is a CHO 

cell. 
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13. The method of claim 1, wherein the antibody is adali
mumab. 

14. The method of claim 1, wherein the medium has a pH 
of about 6.7 to about 7.1. 

15. The method of claim 1, wherein the host cell is cultured 5 
at a temperature of about 31 ° C. to about 3 7° C. 

38 
23. The method of claim 21, wherein the preparation com

prises a target value of one or more of Kl lysine variants of the 
recombinant antibody and K2 lysine variants of the recombi-
nant antibody. 

24. The method of claim 23, wherein the target value of Kl 
lysine variants of the recombinant antibody is at least 10% of 
the recombinant antibody in the preparation. 

16. A method of producing a preparation of a recombinant 
antibody, comprising: 

culturing a cell in a medium under conditions in which the 
cell expresses a recombinant antibody, wherein the 
medium comprises 1.5 g/L arginine to less than 20 g/L 
arginine, and wherein the culturing produces C-terminal 
variants of the recombinant antibody that differ in amino 
acid sequence only by the presence or absence of a lysine 

25. The method of claim 23, wherein the target value ofK2 
lysine variants of the recombinant antibody is at least 4% of 

10 the recombinant antibody in the preparation. 

at their carboxyl termini; 
isolating the recombinant antibody, thereby producing a 15 

preparation of the recombinant antibody; and 
measuring a level of one or more C-terminal variants of the 

recombinant antibody in the preparation. 
17. The method of claim 16, wherein the medium com

prises 2 g/L arginine to 19.5 g/L arginine. 
18. The method of claim 16, wherein the medium com

prises 5 g/L arginine to 15 g/L arginine. 
19. The method of claim 16, wherein the medium com

prises 8 g/L arginine to 12 g/L arginine. 

20 

20. The method of claim 16, wherein the medium com- 25 
prises 10 g/L arginine. 

21. The method of claim 16, wherein the C-terminal vari
ants of the recombinant antibody comprise one or more of a 
Kl lysine variant of the recombinant antibody and a K2 lysine 
variant of the recombinant antibody. 

22. The method of claim 21, wherein the level of one or 
more of Kl lysine variant and K2 lysine variant in the prepa
ration is increased relative to a preparation of the recombinant 
antibody produced using a medium not comprising 1.5 g/L to 
less than 20 g/L arginine. 

30 

26. The method of claim 16, wherein the host cell is a CHO 
cell. 

27. The method of claim 16, wherein the antibody is adali
mumab. 

28. The method of claim 16, wherein the medium has a pH 
of about 6.7 to about 7.1. 

29. The method of claim 16, wherein the host cell is cul
tured at a temperature of about 31 ° C. to about 3 7° C. 

30. A method of producing a preparation of adalimumab, 
comprising: 

culturing a CHO cell in a medium under conditions in 
which the CHO cell expresses adalimumab, wherein the 
medium comprises 1.5 g/L lysine to less than 20 g/L 
lysine, or 1.5 g/L arginine to less than 20 g/L arginine, 
and wherein the culturing produces C-terminal variants 
of adalimumab that differ in amino acid sequence only 
by the presence or absence of a lysine at their carboxyl 
termini; 

isolating the adalimumab, thereby producing a preparation 
of adalimumab; and 

measuring a level of one or more C-terminal variants of 
adalimumab in the preparation. 

* * * * * 
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METHODS OF CELL CULTURE 

FIELD OF THE INVENTION 

2 
zumab, omalizumab, palivizumab; panitumumab, ranibi
zumab, rilonacept, rituximab, tositumomab, and 
trastuzumab. 

In some embodiments, the target value is one or more of: 
The invention relates generally to cell culture methods. 

BACKGROUND 

Therapeutic polypeptides are an important class of thera
peutic biotechnology products, and therapeutic antibodies 
(including murine, chimeric, humanized and human antibod
ies and fragments thereof) account for the majority of thera
peutic biologic products. 

5 (a) more than about 30% mature glycans, e.g., more than 
about 40%, 50%, 60%, 70%, 80%, 90%, 95%, or more, 
mature glycans; and (b) less than about 90% high mannose, 
hybrid glycans, or combination of high mannose and hybrid 
glycans, e.g., less than about 80%, 70%, 60%, 50%, 40%, 

10 30%, 20%, 10%, or less, high mannose glycans, hybrid gly
cans, or combination of high mannose and hybrid glycans. In 
some embodiments, the mature glycan is one or more of 
galactosylated glycans and sialylated glycans. In some 
embodiments, the target value is one or more of: (a) about 1 % 

SUMMARY 

In one aspect, the invention features a method of producing 
a recombinant protein preparation having a target value of one 

15 to about 95% galactosylated glycans, e.g., at least about 2%, 
3%, 4%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 
90%, or 95% galactosylated glycans; and (b) about 0.1 % to 
about 90% sialylated glycans, e.g., at least about 0.2%, 0.5%, 
1%, 2%, 3%, 4%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 

or more mature glycans, the method comprising: (a) provid
ing a cell genetically engineered to express a recombinant 
protein; (b) culturing the cell in a culture medium comprising 
(e.g., supplemented with) putrescine under conditions in 
which the cell expresses the recombinant protein; ( c) harvest
ing (e.g., purifying or isolating from the cell and/or culture 25 

medium) a preparation of the recombinant protein produced 

20 70%, 80%, or 90% sialylated glycans. Highmannose glycans 
can be, e.g., HM3, HM4, HMS, HM6, HM7, HM8, HM9, or 
combinations thereof 

by the cell; and ( d) measuring a level of one or more mature 
glycans, wherein the preparation has the target value of the 
one or more mature glycans. In some embodiments, the cul
ture medium comprises putrescine for a time and in an 30 

amount effective to modify ( e.g., increase or decrease) one or 
more mature glycans of the recombinant protein. 

In some embodiments, the culture medium comprises 
about O.Ql mg/L, 0.05 mg/L, 0.1 mg/L, 0.2 mg/L, 0.3 mg/L, 
0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 mg/L, 35 

1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 mg/L, 3 mg/L, 3.5 mg/L, 4 
mg/L, 4.5 mg/L, 5 mg/L, 5.5 mg/L, 6 mg/L, 6.5 mg/L, 7 mg/L, 
7.5 mg/L, 8 mg/L, 8.5 mg/L, 9 mg/L, 9.5 mg/L, 10 mg/L, 15 
mg/L, 20 mg/L, 25 mg/L, 30 mg/L, 35 mg/L, 40 mg/L, or 40 
more, putrescine. In some embodiments, the culture medium 
comprises about 0.1 mg/L to about 10 mg/L, about 0.1 mg/L 
to about 1 mg/L, about 1 mg/L to about 2 mg/L, about 2 mg/L 
to about 3 mg/L, about 3 mg/L to about 4 mg/L, about 4 mg/L 
to about 5 mg/L, about 5 mg/L to about 6 mg/L, about 6 mg/L 45 

to about 7 mg/L, about 7 mg/L to about 8 mg/L, about 8 mg/L 

In some embodiments, the target value of the one or more 
mature glycans is higher than a corresponding level in a 
preparation produced by culturing the cell in the medium not 
comprising putrescine. In some embodiments, the target 
value is higher than the corresponding level by at least about 
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 
150%, 200%, 250%, 300%, 350%, 400%, 450%, 500%, or 
more, of the corresponding level. 

In some embodiments, the method further comprises 
evaluating the level of one or more mature glycans in the 
recombinant protein preparation. In some embodiments, the 
method further comprises recording the level in a print or 
computer-readable medium, e.g., in a test report, Material 
Safety Data Sheet (MSDS), batch record, Certificate of Test-
ing (CofT) or Certificate of Analysis (CofA). 

In another aspect, the invention features a method of 
increasing a level of one or more mature glycans in a recom
binant protein preparation, the method comprising: (a) pro
viding a cell genetically engineered to express a recombinant 
protein; (b) culturing the cell in a culture medium comprising 
putrescine (e.g., an elevated level ofputrescine, e.g., supple
mented with putrescine) under conditions in which the cell 
expresses the recombinant protein; (c) harvesting a prepara
tion of the recombinant protein produced by the cell; and ( d) 
measuring a level of one or more mature glycans. In some 
embodiments, the culture medium comprises putrescine 
(e.g., the elevated level of putrescine) for a time and in an 

to about 9 mg/L, about 9 mg/L to about 10 mg/L, about 1 
mg/L to about 5 mg/L, about 5 mg/L to about 10 mg/L, about 
0.1 mg/L to about 0.5 mg/L, or about 0.5 mg/L to about 1 
mg/L putrescine. 

In some embodiments, the target value is a level of one or 
more mature glycans in a reference therapeutic product. In 
some embodiments, the target value is a level of one or more 
mature glycans in a reference therapeutic antibody product. 

50 amount effective to increase one or more mature glycans of 
the recombinant protein. In some embodiments, the method 
further comprises processing, ( e.g., one or more of formulat
ing, filling into a container, labeling, packaging) the prepara-

In some embodiments, the target value is a predetermined 55 

pharmaceutical product specification or a quality control cri
terion for a pharmaceutical preparation, e.g., a Certificate of 
Analysis (CofA), a Certificate of Testing (CofT), or a Master 
Batch Record. In some embodiments, the product specifica
tion is a product description in an FDA label, a Physician's 60 

Insert, a USP monograph, or an EP monograph. 
In some embodiments, the reference therapeutic product is 

selected from the group consisting of: abatacept, abciximab, 
adalimumab, aflibercept, alefacept, alemtuzumab, basilix
imab, bevacizumab, belatacept, certolizumab, cetuximab, 65 

daclizumab, eculizumab, efalizumab, entanercept, gemtu
zumab, ibritumomab, infliximab, muromonab-CD3, natali-

tion into a drug product if the preparation meets a target value 
of one or more mature glycans. 

In some embodiments, the culture medium comprises 
about O.Ql mg/L, 0.05 mg/L, 0.1 mg/L, 0.2 mg/L, 0.3 mg/L, 
0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 mg/L, 
1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 mg/L, 3 mg/L, 3.5 mg/L, 4 
mg/L,4.5mg/L, 5mg/L, 5.5mg/L, 6mg/L, 6.5mg/L, 7mg/L, 
7.5 mg/L, 8 mg/L, 8.5 mg/L, 9 mg/L, 9.5 mg/L, 10 mg/L, 15 
mg/L, 20 mg/L, 25 mg/L, 30 mg/L, 35 mg/L, 40 mg/L, or 
more putrescine. In some embodiments, the culture medium 
comprises about 0.1 mg/L to about 10 mg/L, about 0.1 mg/L 
to about 1 mg/L, about 1 mg/L to about 2 mg/L, about 2 mg/L 
to about 3 mg/L, about 3 mg/L to about 4 mg/L, about 4 mg/L 
to about 5 mg/L, about 5 mg/L to about 6 mg/L, about 6 mg/L 
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to about 7 mg/L, about 7 mg/L to about 8 mg/L, about 8 mg/L 
4 

In some embodiments, the target value is a level of one or 
more of fucosylated glycans, galactosylated glycans, high 
mannose glycans, and sialylated glycans in a reference thera
peutic product. In some embodiments, the target value is a 

to about 9 mg/L, about 9 mg/L to about 10 mg/L, about 1 
mg/L to about 5 mg/L, about 5 mg/L to about 10 mg/L, about 
0.1 mg/L to about 0.5 mg/L, or about 0.5 mg/L to about 1 
mg/L putrescine. 

In some embodiments, the method further comprises mea
suring a level of one or more mature glycans in the recombi
nant protein preparation. In some embodiments, the method 
further comprises recording the level in a print or computer
readable medium, e.g., in a test report, Material Safety Data 
Sheet (MSDS), batch record, Certificate of Testing (CofT) or 
Certificate of Analysis (CofA). 

5 level of one or more of fucosylated glycans, galactosylated 
glycans, high mannose glycans, and sialylated glycans in a 
reference therapeutic antibody product. In some embodi
ments, the target value is a predetermined pharmaceutical 
product specification or a quality control criterion for a phar-

In some embodiments, the target value is one or more of: 

10 maceutical preparation, e.g., a Certificate of Analysis (CofA), 
a Certificate of Testing (CofT), or a Master Batch Record. In 
some embodiments, the product specification is a product 
description in an FDA label, a Physician's Insert, a USP 
monograph, or an EP monograph. 

In some embodiments, the reference therapeutic product is 
selected from the group consisting of: abatacept, abciximab, 
adalimumab, aflibercept, alefacept, alemtuzumab, basilix
imab, bevacizumab, belatacept, certolizumab, cetuximab, 
daclizumab, eculizumab, efalizumab, entanercept, gemtu-

(a) more than about 30% mature glycans, e.g., more than 
about 40%, 50%, 60%, 70%, 80%, 90%, 95%, or more, 15 

mature glycans; and (b) less than about 90% high mannose, 
hybrid glycans, or combination of high mannose and hybrid 
glycans, e.g., less than about 80%, 70%, 60%, 50%, 40%, 
30%, 20%, 10%, or less, high mannose glycans, hybrid gly
cans, or combination of high mannose and hybrid glycans. In 
some embodiments, the mature glycan is one or more of 
galactosylated glycans and sialylated glycans. In some 
embodiments, the target value is one or more of: (a) about 1 % 

20 zumab, ibritumomab, infliximab, muromonab-CD3, natali
zumab, omalizumab, palivizumab; panitumumab, ranibi
zumab, rilonacept, rituximab, tositumomab, and 
trastuzumab. 

to about 95% galactosylated glycans, e.g., at least about 2%, 
3%, 4%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 25 

90%, or 95% galactosylated glycans; and (b) about 0.1 % to 
about 90% sialylated glycans, e.g., at least about 0.2%, 0.5%, 
1%, 2%, 3%, 4%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 
70%, 80%, or 90% sialylated glycans. Highmannose glycans 
can be, e.g., HM3, HM4, HMS, HM6, HM7, HM8, HM9, or 30 

combinations thereof 
In another aspect, the invention features a method of pro

ducing a recombinant protein preparation having a target 
value of one or more of fucosylated glycans, galactosylated 
glycans, high mannose glycans, and sialylated glycans, the 35 

method comprising: (a) providing a cell genetically engi
neered to express a recombinant protein; (b) culturing the cell 
in a culture medium comprising ( e.g., supplemented with) 
putrescine under conditions in which the cell expresses the 
recombinant protein; and (c) harvesting (e.g., purifying or 40 

isolating from the cell and/or culture medium) a preparation 

In some embodiments, the target value is one or more of: 
(a) at least about 70% to about 100% fucosylated glycans, 
e.g., atleastabout70%, 75%, 80%, 85%, 90%, 95%, or 100% 
fucosylated glycans; (b) at least about 1 % to about 95% 
galactosylated glycans, e.g., at least about 2%, 3%, 4%, 5%, 
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 95% 
galactosylated glycans; (c) at least about 0.1 % to about 20% 
highmannose glycans, e.g., at least about 0.1 %, 0.2%, 0.3%, 
0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 0.9%, 1 %, 2%, 3%, 4%, 5%, 
6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 
17%, 18%, 19%, 20%, highmannose glycans; and (d) at least 
about 0.1 % to about 90% sialylated glycans, e.g., at least 
about 0.2%, 0.5%, 1 %, 2%, 3%, 4%, 5%, 10%, 20%, 30%, 
40%, 50%, 60%, 70%, 80%, or 90% sialylated glycans. High 
mannose glycans can be, e.g., HM3, HM4, HMS, HM6, 
HM7, HM8, HM9, or combinations thereof. 

In some embodiments, the target value of the one or more 
offucosylated glycans, galactosylated glycans, and sialylated 
glycans is higher than a corresponding level in a preparation 
produced by culturing the cell in the medium not comprising 
putrescine. In some embodiments, the target value is higher 
than the corresponding level by at least about 10%, 20%, 
30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 150%, 200%, 
250%, 300%, 350%, 400%, 450%, 500%, or more, of the 
corresponding level. 

In some embodiments, the target value of the highmannose 

of the recombinant protein produced by the cell, wherein the 
preparation has the target value of the one or more of fuco
sylated glycans, galactosylated glycans, high mannose gly
cans, and sialylated glycans. In some embodiments, the cul- 45 

ture medium comprises putrescine for a time and in an 
amount effective to modify ( e.g., increase or decrease) one or 
more of the fucosylated glycans, galactosylated glycans, high 
mannose glycans, and sialylated glycans of the recombinant 
protein. 50 glycans is lower than a corresponding level in a preparation 

produced by culturing the cell in the medium not comprising 
putrescine. In some embodiments, the target value is lower 
than the corresponding level by at least about 10%, 20%, 

In some embodiments, the culture medium comprises 
about 0.Ql mg/L, 0.05 mg/L, 0.1 mg/L, 0.2 mg/L, 0.3 mg/L, 
0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 mg/L, 
1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 mg/L, 3 mg/L, 3.5 mg/L, 4 
mg/L, 4.5 mg/L, 5 mg/L, 5.5 mg/L, 6 mg/L, 6.5 mg/L, 7 mg/L, 55 

7.5 mg/L, 8 mg/L, 8.5 mg/L, 9 mg/L, 9.5 mg/L, 10 mg/L, 15 
mg/L, 20 mg/L, 25 mg/L, 30 mg/L, 35 mg/L, 40 mg/L, or 
more, putrescine. In some embodiments, the culture medium 
comprises about 0.1 mg/L to about 10 mg/L, about 0.1 mg/L 
to about 1 mg/L, about 1 mg/L to about 2 mg/L, about 2 mg/L 60 

to about 3 mg/L, about 3 mg/L to about 4 mg/L, about 4 mg/L 
to about 5 mg/L, about 5 mg/L to about 6 mg/L, about 6 mg/L 
to about 7 mg/L, about 7 mg/L to about 8 mg/L, about 8 mg/L 
to about 9 mg/L, about 9 mg/L to about 10 mg/L, about 1 
mg/L to about 5 mg/L, about 5 mg/L to about 10 mg/L, about 65 

0.1 mg/L to about 0.5 mg/L, or about 0.5 mg/L to about 1 
mg/L putrescine. 

30%, 40%, 50%, 60%, 70%, 80%, 90%, or 100%, of the 
corresponding level. 

In some embodiments, the method further comprises 
evaluating the level of one or more of fucosylated glycans, 
galactosylated glycans, high mannose glycans, and sialylated 
glycans in the recombinant protein preparation. In some 
embodiments, the method further comprises recording the 
level in a print or computer-readable medium, e.g., in a test 
report, Material Safety Data Sheet (MSDS), batch record, 
Certificate of Testing (CofT) or Certificate of Analysis 
(CofA). 

In another aspect, the invention features a method of pro
ducing a recombinant protein preparation, the method com
prising: (a) providing a target value of one or more of fuco-
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sylated glycans, galactosylated glycans, high mannose 
glycans, and sialylated glycans; (b) providing a cell geneti
cally engineered to express a recombinant protein; ( c) cultur
ing the cell in a culture medium comprising (e.g., supple
mented with) putrescine under conditions in which the cell 5 

expresses the recombinant protein; (d) harvesting a prepara
tion of the recombinant protein produced by the cell; and (e) 
processing (e.g., one or more of formulating, filling into a 
container, labeling, packaging) the preparation into a drug 
product if the preparation meets the target value of the one or 10 

more of fucosylated glycans, galactosylated glycans, high 
mannose glycans, and sialylated glycans. In some embodi
ments, the culture medium comprises putrescine for a time 
and in an amount effective to modify (e.g., increase or 15 
decrease) one or more of the fucosylated glycans, galactosy
lated glycans, high mannose glycans, and sialylated glycans 
of the recombinant protein. 

In some embodiments, the method further comprises 
evaluating the level of one or more of fucosylated glycans, 20 

galactosylated glycans, highmannose glycans, and sialylated 
glycans in the recombinant protein preparation. In some 
embodiments, the method further comprises recording the 
level in a print or computer-readable medium, e.g., in a test 
report, Material Safety Data Sheet (MSDS), batch record, or 25 

Certificate of Testing (CofT) or Certificate of Analysis 
(CofA). 

In some embodiments, the culture medium comprises 
about 0.Ql mg/L, 0.05 mg/L, 0.1 mg/L, 0.2 mg/L, 0.3 mg/L, 
0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 mg/L, 30 

1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 mg/L, 3 mg/L, 3.5 mg/L, 4 
mg/L, 4.5 mg/L, 5 mg/L, 5.5 mg/L, 6 mg/L, 6.5 mg/L, 7 mg/L, 
7.5 mg/L, 8 mg/L, 8.5 mg/L, 9 mg/L, 9.5 mg/L, 10 mg/L, 15 
mg/L, 20 mg/L, 25 mg/L, 30 mg/L, 35 mg/L, 40 mg/L, or 
more, putrescine. In some embodiments, the culture medium 35 

comprises about 0.1 mg/L to about 10 mg/L, about 0.1 mg/L 
to about 1 mg/L, about 1 mg/L to about 2 mg/L, about 2 mg/L 
to about 3 mg/L, about 3 mg/L to about 4 mg/L, about 4 mg/L 
to about 5 mg/L, about 5 mg/L to about 6 mg/L, about 6 mg/L 
to about 7 mg/L, about 7 mg/L to about 8 mg/L, about 8 mg/L 40 

to about 9 mg/L, about 9 mg/L to about 10 mg/L, about 1 
mg/L to about 5 mg/L, about 5 mg/L to about 10 mg/L, about 
0.1 mg/L to about 0.5 mg/L, or about 0.5 mg/L to about 1 
mg/L putrescine. 

In some embodiments, the target value is a level of one or 45 

more of fucosylated glycans, galactosylated glycans, high 
mannose glycans, and sialylated glycans in a reference thera
peutic product. In some embodiments, the target value is a 
level of one or more of fucosylated glycans, galactosylated 
glycans, high mannose glycans, and sialylated glycans in a 50 

reference therapeutic antibody product. In some embodi
ments, the target value is a predetermined pharmaceutical 
product specification or a quality control criterion for a phar
maceutical preparation, e.g., a Certificate of Analysis (CofA), 
a Certificate of Testing (CofT), or a Master Batch Record. In 55 

some embodiments, the product specification is a product 
description in an FDA label, a Physician's Insert, a USP 
monograph, or an EP monograph. 

In some embodiments, the reference therapeutic product is 
selected from the group consisting of: abatacept, abciximab, 60 

adalimumab, aflibercept, alefacept, alemtuzumab, basilix
imab, bevacizumab, belatacept, certolizumab, cetuximab, 
daclizumab, eculizumab, efalizumab, entanercept, gemtu
zumab, ibritumomab, infliximab, muromonab-CD3, natali
zumab, omalizumab, palivizumab; panitumumab, ranibi- 65 

zumab, rilonacept, rituximab, tositumomab, and 
trastuzumab. 

6 
In some embodiments, the target value is one or more of: 

(a) at least about 70% to about 100% fucosylated glycans, 
e.g., atleastabout70%, 75%, 80%, 85%, 90%, 95%, or 100% 
fucosylated glycans; (b) at least about 1 % to about 95% 
galactosylated glycans, e.g., at least about 2%, 3%, 4%, 5%, 
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 95% 
galactosylated glycans; (c) at least about 0.1 % to about 20% 
highmannose glycans, e.g., at least about 0.1 %, 0.2%, 0.3%, 
0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 0.9%, 1 %, 2%, 3%, 4%, 5%, 
6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 
17%, 18%, 19%, 20%, highmannose glycans; and (d) at least 
about 0.1 % to about 90% sialylated glycans, e.g., at least 
about 0.2%, 0.5%, 1 %, 2%, 3%, 4%, 5%, 10%, 20%, 30%, 
40%, 50%, 60%, 70%, 80%, or 90% sialylated glycans. High 
mannose glycans can be, e.g., HM3, HM4, HMS, HM6, 
HM7, HM8, HM9, or combinations thereof. 

In some embodiments, the target value of the one or more 
offucosylated glycans, galactosylated glycans, and sialylated 
glycans is higher than a corresponding level in a preparation 
produced by culturing the cell in the medium not comprising 
putrescine. In some embodiments, the target value is higher 
than the corresponding level by at least about 10%, 20%, 
30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 150%, 200%, 
250%, 300%, 350%, 400%, 450%, 500%, or more, of the 
corresponding level. 

In some embodiments, the target value of the highmannose 
glycans is lower than a corresponding level in a preparation 
produced by culturing the cell in the medium not comprising 
putrescine. In some embodiments, the target value is lower 
than the corresponding level by at least about 10%, 20%, 
30%, 40%, 50%, 60%, 70%, 80%, 90%, or 100%, of the 
corresponding level. 

In another aspect, the invention features a method of 
increasing a level of one or more of fucosylated glycans, 
galactosylated glycans, and sialylated glycans in a recombi
nant protein preparation, the method comprising: (a) provid
ing a cell genetically engineered to express a recombinant 
protein; (b) culturing the cell in a culture medium comprising 
an elevated level of putrescine (e.g., supplemented with 
putrescine) under conditions in which the cell expresses the 
recombinant protein; and (c) harvesting a preparation of the 
recombinant protein produced by the cell, wherein the prepa
ration has an increased level of one or more of fucosylated 
glycans, galactosylated glycans, and sialylated glycans rela
tive to a corresponding level in a preparation of the recombi
nant protein produced by culturing the cell in the medium not 
comprising the elevated level of putrescine. In some embodi
ments, the culture medium comprises the elevated level of 
putrescine for a time and in an amount effective to increase 
one or more of the fucosylated glycans, galactosylated gly
cans, and sialylated glycans of the recombinant protein. In 
some embodiments, the method further comprises process
ing, ( e.g., one or more of formulating, filling into a container, 
labeling, packaging) the preparation into a drug product if the 
preparation meets a target value of one or more of fucosylated 
glycans, galactosylated glycans, and sialylated glycans. 

In some embodiments, the culture medium comprises 
about 0.Ql mg/L, 0.05 mg/L, 0.1 mg/L, 0.2 mg/L, 0.3 mg/L, 
0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 mg/L, 
1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 mg/L, 3 mg/L, 3.5 mg/L, 4 
mg/L,4.5mg/L, 5mg/L, 5.5mg/L, 6mg/L, 6.5mg/L, 7mg/L, 
7.5 mg/L, 8 mg/L, 8.5 mg/L, 9 mg/L, 9.5 mg/L, 10 mg/L, 15 
mg/L, 20 mg/L, 25 mg/L, 30 mg/L, 35 mg/L, 40 mg/L, or 
more, putrescine. In some embodiments, the culture medium 
comprises about 0.1 mg/L to about 10 mg/L, about 0.1 mg/L 
to about 1 mg/L, about 1 mg/L to about 2 mg/L, about 2 mg/L 
to about 3 mg/L, about 3 mg/L to about 4 mg/L, about 4 mg/L 
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to about 5 mg/L, about 5 mg/L to about 6 mg/L, about 6 mg/L 
to about 7 mg/L, about 7 mg/L to about 8 mg/L, about 8 mg/L 
to about 9 mg/L, about 9 mg/L to about 10 mg/L, about 1 
mg/L to about 5 mg/L, about 5 mg/L to about 10 mg/L, about 
0.1 mg/L to about 0.5 mg/L, or about 0.5 mg/L to about 1 
mg/L putrescine. 

In some embodiments, the method further comprises mea
suring a level of the one or more of fucosylated glycans, 
galactosylated glycans, and sialylated glycans in the recom
binant protein preparation. In some embodiments, the method 
further comprises recording the level in a print or computer
readable medium, e.g., in a test report, Material Safety Data 
Sheet (MSDS), batch record, Certificate of Testing (CofT) or 
Certificate of Analysis (CofA). 

In some embodiments, the increased level of the one or 
more of fucosylated glycans, galactosylated glycans, and sia
lylated glycans is higher than the corresponding level by at 
least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 
90%, 100%, 150%, 200%, 250%, 300%, 350%, 400%, 450%, 
500%, or more, of the corresponding level. In some embodi
ments, the increased level is one or more of: (a) at least about 
70% to about 100% fucosylated glycans, e.g., at least about 
70%, 75%, 80%, 85%, 90%, 95%, or 100% fucosylated gly
cans; (b) at least about 1 % to about 95% galactosylated gly
cans, e.g., at least about 2%, 3%, 4%, 5%, 10%, 20%, 30%, 
40%, 50%, 60%, 70%, 80%, 90%, or 95% galactosylated 
glycans; and (c) at least about 0.1 % to about 90% sialylated 
glycans, e.g., at least about 0.2%, 0.5%, 1 %, 2%, 3%, 4%, 
5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90% 
sialylated glycans. 

In another aspect, the invention features a method of 
decreasing a level of one or more of fucosylated glycans, 
galactosylated glycans, and sialylated glycans in a recombi
nant protein preparation, the method comprising: (a) provid
ing a cell genetically engineered to express a recombinant 
protein; (b) culturing the cell in a culture medium comprising 
a reduced level of putrescine under conditions in which the 
cell expresses the recombinant protein; and (c) harvesting a 
preparation of the recombinant protein produced by the cell, 
wherein the preparation has a decreased level of one or more 
offucosylated glycans, galactosylatedglycans, and sialylated 
glycans relative to a corresponding level in a preparation of 
the recombinant protein produced by culturing the cell in the 
medium not comprising the reduced level of putrescine. In 
some embodiments, the culture medium comprises the 
reduced level of putrescine for a time and in an amount 
effective to decrease a level of one or more of the fucosylated 
glycans, galactosylated glycans, and sialylated glycans of the 
recombinant protein. In some embodiments, the method fur
ther comprises processing, ( e.g., one or more of formulating, 
filling into a container, labeling, packaging) the preparation 
into a drug product if the preparation meets a target value of 
one or more of fucosylated glycans, galactosylated glycans, 
and sialylated glycans. 

In some embodiments, the medium comprises less than 
about 10 mg/L, 9.5 mg/L, 9 mg/L, 8.5 mg/L, 8 mg/L, 7.5 
mg/L, 7 mg/L, 6.5 mg/L, 6 mg/L, 5.5 mg/L, 5 mg/L, 4.5 mg/L, 
4 mg/L, 3.5 mg/L, 3 mg/L, 2.5 mg/L, 2 mg/L, 1.5 mg/L, 1 
mg/L, 0.9 mg/L, 0.8 mg/L, 0.7 mg/L, 0.6 mg/L, 0.5 mg/L, 0.4 
mg/L, 0.3 mg/L, 0.2 mg/L, 0.1 mg/L, 0.05 mg/L, O.Ql mg/L, 
or less putrescine. 

In some embodiments, the method further comprises mea
suring a level of the one or more of fucosylated glycans, 
galactosylated glycans, and sialylated glycans in the recom
binant protein preparation. In some embodiments, the method 
further comprises recording the level in a print or computer
readable medium, e.g., in a test report, Material Safety Data 

8 
Sheet (MSDS), batch record, Certificate of Testing (CofT) or 
Certificate of Analysis (CofA). 

In some embodiments, the decreased level of the one or 
more of fucosylated glycans, galactosylated glycans, and sia-

5 lylated glycans is lower than the corresponding level by at 
least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 
90%, or 100%, of the corresponding level. In some embodi
ments, the decreased level is one or more of: (a) less than 
about 100% fucosylated glycans, e.g., less than about 100%, 

10 95%, 90%, 80%, 85%, 80%, 75%, 70%, 65%, 60%, or less, 
fucosylated glyans; (b) less than at least about 95% galacto
sylated glycans, e.g., less than about 95%, 90%, 80%, 70%, 
60%, 50%, 40% 30%, 20%, 10%, 5%, 4%, 3%, 2%, or 1%, 
galactosylated glycans; and ( c) less than about 90% sialylated 

15 glycans, e.g., less than about 90%, 80%, 70%, 60%, 50%, 
40%, 30%, 20%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 
1 %, 0.5%, 0.1 %, or less, sialylated glycans. 

In another aspect, the invention features a method of 
decreasing a level of one or more of high mannose glycans 

20 and GOF glycans in a recombinant protein preparation, the 
method comprising: (a) providing a cell genetically engi
neered to express a recombinant protein; (b) culturing the cell 
in a culture medium comprising an elevated level of 
putrescine (e.g., supplemented with putrescine) under condi-

25 tions in which the cell expresses the recombinant protein; and 
(c) harvesting a preparation of the recombinant protein pro
duced by the cell, wherein the preparation has a decreased 
level of one or more of high mannose glycans and GOF 
glycans relative to a corresponding level in a preparation of 

30 the recombinant protein produced by culturing the cell in the 
medium not comprising the elevated level of putrescine. In 
some embodiments, the culture medium comprises the 
elevated level of putrescine for a time and in an amount 
effective to decrease the level of one or more of high mannose 

35 glycans and GOF glycans of the recombinant protein. In some 
embodiments, the method further comprises processing, 
(e.g., one or more of formulating, filling into a container, 
labeling, packaging) the preparation into a drug product if the 
preparation meets a target value of one or more of high man-

40 nose glycans and GOF glycans. 
In some embodiments, the culture medium comprises 

about O.Ql mg/L, 0.05 mg/L, 0.1 mg/L, 0.2 mg/L, 0.3 mg/L, 
0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 mg/L, 
1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 mg/L, 3 mg/L, 3.5 mg/L, 4 

45 mg/L, 4.5 mg/L, 5mg/L, 5.5 mg/L, 6mg/L, 6.5mg/L, 7 mg/L, 
7.5 mg/L, 8 mg/L, 8.5 mg/L, 9 mg/L, 9.5 mg/L, 10 mg/L, 15 
mg/L, 20 mg/L, 25 mg/L, 30 mg/L, 35 mg/L, 40 mg/L, or 
more, putrescine. In some embodiments, the culture medium 
comprises about 0.1 mg/L to about 10 mg/L, about 0.1 mg/L 

50 to about 1 mg/L, about 1 mg/L to about 2 mg/L, about 2 mg/L 
to about 3 mg/L, about 3 mg/L to about 4 mg/L, about 4 mg/L 
to about 5 mg/L, about 5 mg/L to about 6 mg/L, about 6 mg/L 
to about 7 mg/L, about 7 mg/L to about 8 mg/L, about 8 mg/L 
to about 9 mg/L, about 9 mg/L to about 10 mg/L, about 1 

55 mg/L to about 5 mg/L, about 5 mg/L to about 10 mg/L, about 
0.1 mg/L to about 0.5 mg/L, or about 0.5 mg/L to about 1 
mg/L putrescine. 

In some embodiments, the method further comprises mea
suring a level of one or more of high mannose glycans and 

60 GOF glycans in the recombinant protein preparation. In some 
embodiments, the method further comprises recording the 
level in a print or computer-readable medium, e.g., in a test 
report, Material Safety Data Sheet (MSDS), batch record, 
Certificate of Testing (CofT) or Certificate of Analysis 

65 (CofA). 
In some embodiments, the decreased level of the one or 

more ofhighmannose glycans and GOF glycans is lower than 
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the first stage comprises culturing the cell in the culture 
medium comprising a first level ofputrescine, and the second 
stage comprises culturing the cell in the culture medium 
comprising a second level of putrescine. In some embodi-

the corresponding level by at least about 10%, 20%, 30%, 
40%, 50%, 60%, 70%, 80%, 90%, 100%, 150%, 200%, 
250%, 300%, 350%, 400%, 450%, 500%, or more, of the 
corresponding level. In some embodiments, the decreased 
level is one or more of: ( a) less than about 20% high mannose 
glycans, e.g., less than about 20%, 19%, 18%, 17%, 16%, 
15%, 14%, 13%, 12%, 11 %, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 
3%, 2%, 1 %, 0.9%, 0.8%, 0.7%, 0.6%, 0.5%, 0.4%, 0.3%, 
0.2%, 0.1 %, or less, high mannose glycans; and (b) less than 
about 90% GOF glycans, e.g., less than about 80%, 70%, 
60%, 50%, 40%, 30%, 20%, 10%, 5%, 4%, 3%, 2%, 1 %, or 
less, GOF glycans. High mannose glycans can be, e.g., HM3, 
HM4, HMS, HM6, HM7, HM8, HM9, or combinations 
thereof. 

5 ments, the first level comprises a reduced level of ( e.g., does 
not comprise) putrescine relative to the second level, and the 
second level comprises an elevated level of putrescine relative 
to the first level. In some embodiments, the first level com
prises an elevated level of putrescine, and the second level 

10 comprises a reduced level of (e.g., does not comprise) 
putrescine. 

In some embodiments, the first stage comprises culturing 
the cell in the first level of putrescine for about 1 to about 8 
days, e.g., 1-7, 1-6, 1-5 days. In some embodiments, the 

In another aspect, the invention features a method of 
increasing a level of one or more ofhighmannose glycans and 
GOF glycans in a recombinant protein preparation, the 
method comprising: (a) providing a cell genetically engi
neered to express a recombinant protein; (b) culturing the cell 

15 second stage comprises culturing the cell in the second level 
ofputrescine for about 1 to about 12 days, e.g., 1-10, 1-9, 1-8, 
1-7, 1-6 days. In some embodiments, the first stage is a growth 
stage. In some embodiments, the second stage is a production 

in a culture medium comprising a reduced level of putrescine 20 

under conditions in which the cell expresses the recombinant 
protein; and (c) harvesting a preparation of the recombinant 
protein produced by the cell, wherein the preparation has an 
increased level of one or more of high mannose glycans and 
GOF glycans relative to a corresponding level in a preparation 25 

of the recombinant protein produced by culturing the cell in 
the medium not comprising the reduced level of putrescine. In 
some embodiments, the culture medium comprises a reduced 
level of putrescine for a time and in an amount effective to 
increase the level of one or more ofhigh mannose glycans and 30 

GOF glycans of the recombinant protein. In some embodi
ments, the method further comprises processing, ( e.g., one or 
more of formulating, filling into a container, labeling, pack
aging) the preparation into a drug product if the preparation 
meets a target value of one or more of high mannose glycans 35 

and GOF glycans. 
In some embodiments, the medium comprises less than 

about 10 mg/L, 9.5 mg/L, 9 mg/L, 8.5 mg/L, 8 mg/L, 7.5 
mg/L, 7 mg/L, 6.5 mg/L, 6 mg/L, 5.5 mg/L, 5 mg/L, 4.5 mg/L, 
4 mg/L, 3.5 mg/L, 3 mg/L, 2.5 mg/L, 2 mg/L, 1.5 mg/L, 1 40 

mg/L, 0.9 mg/L, 0.8 mg/L, 0.7 mg/L, 0.6 mg/L, 0.5 mg/L, 0.4 
mg/L, 0.3 mg/L, 0.2 mg/L, 0.1 mg/L, 0.05 mg/L, O.Ql mg/L, 
or less putrescine. 

In some embodiments, the method further comprises mea
suring a level of one or more of high mannose glycans and 45 

GOF glycans in the recombinant protein preparation. In some 
embodiments, the method further comprises recording the 
level in a print or computer-readable medium, e.g., in a test 
report, Material Safety Data Sheet (MSDS), batch record, 
Certificate of Testing (CofT) or Certificate of Analysis 50 

(CofA). 

stage. 
In some aspects described herein, the culture medium fur-

ther comprises one or more of lysine, cysteine, ammonium, 
manganese, cobalt, copper, a peptone, glucose, galactose, 
glucosamine, glutamine, a lipid ( e.g., cholesterol), DMSO, 
and dextran sulfate. 

In some aspects described herein, the cell is a manimalian 
cell. In some embodiments, the mammalian cell is a CHO 
(e.g., CHO-Kl, DG44, CHO-DXBll, CHOKlSV, CHO-S) 
Vero, BHK, HeLa, COS, MDCK, or HEK-293 cell. 

In some aspects described herein, the recombinant protein 
is a recombinant therapeutic product. In some embodiments, 
the recombinant protein is a recombinant therapeutic anti
body product. In some embodiments, the recombinant protein 
is a recombinant therapeutic fusion protein. In some embodi
ments, the recombinant protein is abatacept, abciximab, 
adalimumab, aflibercept, alefacept, alemtuzumab, basilix
imab, bevacizumab, belatacept, certolizumab, cetuximab, 
daclizumab, eculizumab, efalizumab, entanercept, gemtu
zumab, ibritumomab, infliximab, muromonab-CD3, natali
zumab, omalizumab, palivizumab; panitumumab, ranibi
zumab, rilonacept, rituximab, tositumomab, and 
trastuzumab. 

In some aspects described herein, the conditions in which 
cells (e.g., mammalian cells) express recombinant proteins 
comprise (i) a medium having a pH of about 6, about 6.5, 
about 6.6, about 6.7, about 6.8, about 6.9, about 7, about 7.1, 
about 7.2, about 7.3, about 7.4, about 7.5, or about 8; (ii) a 
temperature ofabout 25° C., about 26° C., about 27° C., about 
28° C., about 29° C., about 30° C., about 31 ° C., about 32° C., 
about 33° C., about 34° C., about 35° C., about 36° C., about 
37° C., about 38° C., about 39° C., or about 40° C.; and/or (iii) 
a culture volume of about 100 mL, about 200 mL, about 300 
mL, about 400 mL, about 500 mL, about 600 mL, about 700 
mL, about 800 mL, about 900 mL, about 1 L, about 2 L, about 
3 L, about 5 L, about 10 L, about 20 L, about 30 L, about 40 
L, about 50 L, about 100 L, about 200 L, about 300 L, about 
400 L, about 500 L, about 600 L, about 700 L, about 800 L, 
about 900 L, about 1000 L, 5,000 L, 10,000 L, 20,000 L, or 
more. 

In another aspect, the invention features a preparation of a 
recombinant protein produced using a method described 
herein. 

In some embodiments, the increased level of the one or 
more of high mannose glycans and GOF glycans is higher 
than the corresponding level by at least about 10%, 20%, 
30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 150%, 200%, 55 

250%, 300%, 350%, 400%, 450%, 500%, or more, of the 
corresponding level. In some embodiments, the increased 
level is one or more of: (a) more than about 0.1% high man
nose glycans, e.g., more than about 0.1 %, 0.2%, 0.3%, 0.4%, 
0.5%, 0.6%, 0.7%, 0.8%, 0.9%, 1 %, 2%, 3%, 4%, 5%, 6%, 60 

7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 
18%, 19%, 20%, or more, high mannose glycans; and (b) 
more than about 1 % GOF glycans, e.g., more than about 1 %, 
2%,3%,4%,5%,6%, 7%,8%,9%, 10%,20%,30%,40%,or 
more, GOF glycans. 

In another aspect, the invention features a method of pro
ducing a recombinant therapeutic antibody preparation ( e.g., 
abciximab, adalimumab, alemtuzumab, basiliximab, bevaci-

65 zumab, certolizumab, cetuximab, daclizumab, eculizumab, 
efalizumab, gemtuzumab, ibritumomab, infliximab, 
muromonab-CD3, natalizumab, omalizumab, palivizumab, 

In some aspects described herein, the culturing step com
prises a first stage and a second stage. In some embodiments, 
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panitumumab, ranibizumab, rituximab, tositumomab, ortras
tuzumab ), the method comprising: (a) providing a target 
value (e.g., a predetermined pharmaceutical product specifi
cation or a quality control criterion for a pharmaceutical 
preparation, e.g., a Certificate of Analysis (CofA), a Certifi- 5 
cate of Testing (CoIT), or a Master Batch Record of a refer
ence therapeutic antibody product) of one or more of fucosy
lated glycans, galactosylated glycans, high mannose glycans 
(e.g., HM3, HM4, HMS, HM6, HM7, HM8, HM9, or com
binations thereof), and sialylated glycans; (b) providing a 10 
CHO cell genetically engineered to express a recombinant 
antibody; (c) culturing the cell in a culture medium compris
ing putrescine (e.g., about 0.Ql mg/L, 0.05 mg/L, 0.1 mg/L, 
0.2 mg/L, 0.3 mg/L, 0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 
0.8 mg/L, 0.9 mg/L, 1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 mg/L, 3 
mg/L, 3.5 mg/L, 4mg/L, 4.5mg/L, 5 mg/L, 5.5mg/L, 6mg/L, 15 

6.5 mg/L, 7 mg/L, 7.5 mg/L, 8 mg/L, 8.5 mg/L, 9 mg/L, 9.5 
mg/L, 10 mg/L, 15 mg/L, 20 mg/L, 25 mg/L, 30 mg/L, 35 
mg/L, 40 mg/L, putrescine) under conditions in which the cell 
expresses the recombinant antibody; (d) harvesting (e.g., 
purifying or isolating from the cell and/or culture medium) a 20 

preparation of the recombinant antibody produced by the cell; 
and ( e) formulating ( e.g., one or more of formulating, filling 
into a container, labeling, packaging) the preparation into a 
drug product if the preparation meets the target value of the 
one or more of fucosylated glycans, galactosylated glycans, 25 
high mannose glycans, and sialylated glycans. 

BRIEF DESCRIPTION OF THE DRAWINGS 

12 
sequence (e.g., a polypeptide) that is substantially free of 
other components. In some embodiments, a purified poly
nucleotide or purified polypeptide is removed or separated 
from other components present in its natural environment. 
For example, an isolated polypeptide is one that is separated 
from other components of a cell in which it was produced 
(e.g., the endoplasmic reticulum or cytoplasmic proteins and 
RNA). An isolated polynucleotide is one that is separated 
from other nuclear components (e.g., histones) and/or from 
upstream or downstream nucleic acid sequences. An isolated 
nucleic acid sequence or amino acid sequence can be at least 
60% free, or at least 75% free, or at least 90% free, or at least 
95% free from other components present in natural environ
ment of the indicated nucleic acid sequence or amino acid 
sequence. 

As used herein, "polynucleotide" (or "nucleotide 
sequence" or "nucleic acid molecule") refers to an oligo
nucleotide, nucleotide, or polynucleotide, and fragments or 
portions thereof, and to DNA and RNA of genomic or syn
thetic origin, which may be single- or double-stranded, and 
represent the sense or anti-sense strand. 

As used herein, "polypeptide" ( or "amino acid sequence" 
or "protein") refers to an oligopeptide, peptide, polypeptide, 
or protein sequence, and fragments or portions thereof, and to 
naturally occurring or synthetic molecules. "Amino acid 
sequence" and like terms, such as "polypeptide" or "protein", 
are not meant to limit the indicated amino acid sequence to the 
complete, native amino acid sequence associated with the 
recited protein molecule. 

The term "pharmaceutically effective amount" or "thera
peutically effective amount" refers to an amount (e.g., dose) 
effective in treating a patient, having a disorder or condition 
described herein. It is also to be understood herein that a 

The present teachings described herein will be more fully 
understood from the following description of various illustra- 30 

tive embodiments, when read together with the accompany
ing drawings. It should be understood that the drawings 
described below are for illustration purposes only and are not 
intended to limit the scope of the present teachings in any 
way. 

"pharmaceutically effective amount" may be interpreted as 
35 an amount giving a desired therapeutic effect, either taken in 

one dose or in any dosage or route, taken alone or in combi
nation with other therapeutic agents. 

FIG. 1 is a schematic illustration ofan IgG antibody mol
ecule. 

FIG. 2 is a graphic representation of fucosylated glycan 
levels in preparations of a model antibody from cells grown in 
medium having different levels of putrescine. 

FIG. 3 is a graphic representation ofG0F, GlF, and G2F 
glycan levels in preparations of a model antibody from cells 
grown in medium having different levels of putrescine. 

FIG. 4 is a graphic representation of total high mannose 
glycan levels and sialylated glycan levels in preparations of a 
model antibody from cells grown in medium having different 
levels of putrescine. 

DETAILED DESCRIPTION 

The inventors have discovered that preparations of 
polypeptides (e.g., antibodies) having targeted levels of gly
cans (e.g., fucosylated glycans, galactosylated glycans, high 
mannose glycans, and sialylated glycans) can be produced 
from cells cultured in a medium having putrescine, e.g., a 
particular level of putrescine effective to cause such effect. 
The present disclosure encompasses preparations of polypep
tides ( e.g., antibodies) having targeted levels of glycans ( e.g., 
fucosylated glycans, galactosylated glycans, high mannose 
glycans, and sialylated glycans), methods of making such 
polypeptides (e.g., antibodies), and methods of using such 
polypeptides ( e.g., antibodies). 

DEFINITIONS 

As used herein, "purified" ( or "isolated") refers to a nucleic 
acid sequence (e.g., a polynucleotide) or an amino acid 

The term "treatment" or "treating", as used herein, refers to 
administering a therapy in an amount, manner, and/or mode 

40 effective to improve a condition, symptom, or parameter 
associated with a disorder or condition or to prevent or reduce 
progression of a disorder or condition, to a degree detectable 
to one skilled in the art. An effective amount, manner, or mode 
can vary depending on the subject and may be tailored to the 

45 subject. 
As used herein, the term "antibody" refers to a polypeptide 

that includes at least one immunoglobulin variable region, 
e.g., an amino acid sequence that provides an immunoglobu
lin variable domain or immunoglobulin variable domain 

50 sequence. For example, an antibody can include a heavy (H) 
chain variable region (abbreviated herein as VH), and a light 
(L) chain variable region (abbreviated herein as VL). In 
another example, an antibody includes two heavy (H) chain 
variable regions and two light (L) chain variable regions. The 

55 term "antibody" encompasses antigen-binding fragments of 
antibodies (e.g., single chain antibodies, Fab, F(ab')2 , Fd, Fv, 
and dAb fragments) as well as complete antibodies, e.g., 
intact immunoglobulins of types IgA, IgG, IgE, IgD, IgM (as 
well as subtypes thereof). The light chains of the immuno-

60 globulin can be ohypes kappa or lambda. In some embodi
ments, an antibody includes an Fe region. In some embodi
ments, an antibody is a therapeutic antibody. 

As used herein, the term "Fe region" refers to a dimer of 
two "Fe polypeptides", each "Fe polypeptide" comprising the 

65 constant region of an antibody excluding the first constant 
region immunoglobulin domain. In some embodiments, an 
"Fe region" includes two Fe polypeptides linked by one or 
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more disulfide bonds, chemical linkers, or peptide linkers. 
"Fe polypeptide" refers to the last two constant region immu
noglobulin domains of IgA, IgD, and IgG, and the last three 
constant region immunoglobulin domains of IgE and IgM, 
and may also include part or all of the flexible hinge N-ter- 5 

minal to these domains. For IgG, "Fe polypeptide" comprises 
immunoglobulin domains Cgamma2 (Cy2) and Cgamma3 
(Cy3) and the lower part of the hinge between Cgammal 

glycosylation site) and at least one glycan covalently attached 
to the at least one glycosylation site. Individual molecules of 
a particular glycoprotein within a glycoprotein preparation 
typically have identical amino acid sequences but may differ 
in the occupancy of the at least one glycosylation sites and/or 
in the identity of the glycans linked to the at least one of the 
glycosylation sites. That is, a glycoprotein preparation may 
contain only a single glycoform of a particular glycoprotein, 
but more typically contains a plurality of glycoforms. Differ
ent preparations of the same glycoprotein may differ in the 
identity of glycoforms present (e.g., a glycoform that is 

( Cy 1) and Cy2. Although the boundaries of the F c polypeptide 
may vary, the human IgG heavy chain Fe polypeptide is 10 

usually defined to comprise residues starting at T223 or C226 
or P230, to its carboxyl-terminus, wherein the numbering is 
according to the EU index as in Kabat et al. (1991, NIH 
Publication 91-3242, National Technical Information Ser
vices, Springfield, Va.). For IgA, Fe polypeptide comprises 15 

immunoglobulin domains Calpha2 (Ca2) and Calpha3 (Ca3) 
and the lower part of the hinge between Calphal (Cal) and 
Ca2. An Fe region can be synthetic, recombinant, or gener
ated from natural sources such as IVIG. 

present in one preparation may be absent from another) and/ 
or in the relative amounts of different glycoforms. 

The term "glycoform" is used herein to refer to a particular 
form of a glycoprotein. That is, when a glycoprotein includes 
a particular polypeptide that has the potential to be linked to 
different glycans or sets of glycans, then each different ver
sion of the glycoprotein (i.e., where the polypeptide is linked 
to a particular glycan or set of glycans) is referred to as a 

As used herein, a "glycan" is a sugar. Glycans can be 
monomers or polymers of sugar residues, but typically con
tain at least three sugars, and can be linear or branched. A 
glycan may include natural sugar residues (e.g., glucose, 
N-acetylglucosamine, N-acetyl neuraminic acid, galactose, 
mannose, fucose, hexose, arabinose, ribose, xylose, etc.) and/ 
or modified sugars (e.g., 2'-fluororibose, 2'-deoxyribose, 
phosphomannose, 6'-sulfo N-acetylglucosamine, etc). The 
term "glycan" includes homo and heteropolymers of sugar 
residues. The term "glycan" also encompasses a glycan com
ponent of a glycoconjugate (e.g., of a glycoprotein, gly
colipid, proteoglycan, etc.). The term also encompasses free 
glycans, including glycans that have been cleaved or other
wise released from a glycoconjugate. 

As used herein, a "high mannose glycan" refers to a glycan 
that includes at least 3 mannose sugar residues and that ter
minates in a mannose on a non-reducing end of the glycan. In 
some embodiments, a "high mannose glycan" includes at 
least 4, 5, 6, 7, 8, 9, 10, 11, or 12 mannose sugar residues. 

20 "glycoform". 
"Reference glycoprotein", as used herein, refers to a gly

coprotein having substantially the same amino acid sequence 
as (e.g., having about 95-100% identical amino acids of) a 
glycoprotein described herein, e.g., a glycoprotein to which it 

25 is compared. In some embodiments, a reference glycoprotein 
is a therapeutic glycoprotein described herein, e.g., an FDA 
approved therapeutic glycoprotein. 

As used herein, an "N-glycosylation site of an Fe region" 
refers to an amino acid residue within an Fe region to which 

30 a glycan is N-linked. 
"Target value", as used herein, refers to a predetermined 

level of one or more particular glycans, such as fucosylated 
glycans, galactosylated glycans, high mannose glycans, and 
sialylated glycans. In some embodiments, a target value is an 

35 absolute value. In some embodiments, a target value is a 
relative value. In some embodiments, a target value is a level 
of one or more particular glycans, such as high mannose 
glycans (e.g., HM3, HM4, HMS, HM6, HM7, HM8, HM9, or 
combinations), fucosylated glycans (e.g., G0F, GlF, G2F, or As used herein, a "sialylated glycan" refers to a glycan that 

includes at least 1 sialic acid. In some embodiments, a sialy
lated glycan includes at least 1, 2, 3, or 4 sialic acids. In some 
embodiments, a sialylated glycan is a monosialylated glycan 
(e.g., a branchedglycanmonosialylatedonanal-3 armofthe 
branched glycan (e.g., with a NeuAc-a2,6-Gal terminal link
age)), and/or a disialylated glycan (e.g., a branched glycan 45 

sialylated on both an al-3 arm and an al-6 arm of the 
branched glycan). 

40 combinations), galactosylated glycans (e.g., Gl, G2, GlF, 
G2F, Al, A2 or combinations) and/or sialylated glycans ( e.g., 
monosialylated, disialylated, or combinations), in a reference 
glycoprotein product or described in a specification or master 
batch record for a pharmaceutical product. 

In some embodiments, a target value refers to an absolute 
level of (e.g., number of moles of) one or more glycans (e.g., 
high mannose glycans (e.g., one or more species of high 
mannose glycans), fucosylated glycans (e.g., one or more 
species of fucosylated glycans), galactosylated glycans ( e.g., 

As used herein, a "galactosylatedglycan" refers to a glycan 
that includes at least 1 galactose sugar residue. In some 
embodiments, agalactosylatedglycanis a Gl, G2, GlF, G2F, 
Al, and/or A2 glycan. In some embodiments, a galactosy
lated glycan includes one or more lactosamine repeats. In 
some embodiments, a galactosylated glycan is a galactose
alpha-1-3-galactose-containing glycan. In some embodi
ments, a galactosylated glycan is a tri-antennary glycan or a 
tetra-antennary glycan. 

As used herein, a "mature glycan" refers to a glycan that 
includes at least one sugar residue in addition to a core pen
tasaccharide structure, and does not include more than three 
mannose sugar residues. In some embodiments, a mature 
glycan includes a core pentasaccharide structure and at least 
one N-acetylglucosamine. For the sake of clarity, high man
nose glycans and hybrid glycans are not mature glycans. 

As used herein, the term "glycoprotein preparation" refers 
to a set of individual glycoprotein molecules, each of which 
comprises a polypeptide having a particular amino acid 
sequence (which amino acid sequence includes at least one 

50 one or more species of galactosylated glycans), and/or sialy
lated glycans ( e.g., one or more species of sialylated glycans) 
in a glycoprotein preparation. In some embodiments, a target 
value refers to a level of one or more glycans (e.g., high 
mannose glycans ( e.g., one or more species of high mannose 

55 glycans), fucosylated glycans (e.g., one or more species of 
fucosylated glycans), galactosylated glycans (e.g., one or 
more species of galactosylated glycans), and/or sialylated 
glycans ( e.g., one or more species of sialylated glycans) in a 
glycoprotein preparation relative to total level of glycans in 

60 the glycoprotein preparation. In some embodiments, a target 
value is expressed as a "percent", which refers to the number 
of moles of one or more glycans (e.g., Fe glycans) relative to 
total moles of glycans (e.g., Fe glycans) in a glycoprotein 
preparation. In some embodiments, "percent" refers to the 

65 number of moles of one or more PNGase F-released Fe gly
cans relative to total moles of PNGase F-released Fe glycans 
detected. 
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Cells 
Any host cell that can be used to express a polypeptide of 

interest (e.g., an antibody) can be used in the methods 
described herein. The cells can be genetically engineered to 
contain a recombinant nucleic acid sequence, e.g., a gene, that 5 

encodes a polypeptide of interest (e.g., an antibody). For 
example, useful cells can express a recombinant polypeptide. 
Recombinant expression of a gene encoding a polypeptide 
can include construction of an expression vector containing a 
polynucleotide that encodes the polypeptide. Once a poly- 10 

nucleotide has been obtained, a vector for the production of 
the polypeptide can be produced by recombinant DNA tech
nology using techniques known in the art. Known methods 
can be used to construct expression vectors containing 
polypeptide coding sequences and appropriate transcrip- 15 

tional and translational control signals. These methods 
include, for example, in vitro recombinant DNA techniques, 
synthetic techniques, and in vivo genetic recombination. 

An expression vector can be transferred to a host cell by 
conventional techniques, and the transfected cells can then be 20 

cultured by conventional techniques, modified in accordance 
with the present disclosure, to produce a recombinant 
polypeptide. A variety of host expression vector systems can 
be used (see, e.g., U.S. Pat. No. 5,807,715). Such host-ex
pression systems (e.g., genetically engineered host expres- 25 

sion systems) can be used to produce polypeptides (e.g., 
antibodies) and, where desired, subsequently purified. Such 
host expression systems include, but are not limited to, yeast 
( e.g., Saccharomyces and Pi chi a) transformed with recombi
nant yeast expression vectors containing polypeptide coding 30 

sequences; insect cell systems infected with recombinant 
virus expression vectors (e.g., baculovirus) containing 
polypeptide coding sequences; plant cell systems infected 
with recombinant virus expression vectors (e.g., cauliflower 
mosaic virus, CaMV; tobacco mosaic virus, TMV) or trans- 35 

formed with recombinant plasmid expression vectors ( e.g., Ti 
plasmid) containing polypeptide coding sequences; or mam
malian cell systems (e.g., COS, CHO, BHK, 293, NS0, and 
3 T3 cells) harboring recombinant expression constructs con
taining promoters derived from the genome of manimalian 40 

cells ( e.g., metallothionein promoter) or from mammalian 
viruses ( e.g., the adenovirus late promoter; the vaccinia virus 
7.5K promoter). 

For expression in mammalian host cells, viral-based 
expression systems can be utilized (see, e.g., Logan et al., 45 

1984, Proc. Natl. Acad. Sci. USA 8:355-359). The efficiency 

16 
Chinese hamster ovary cells (CHO), such as CHO-Kl (ATCC 
CCL-61), DG44 (Chasin et al., 1986, Som. Cell Malec. 
Genet., 12:555-556; and Kolkekar et al., 1997, Biochem., 
36:10901-10909), CHO-DXBll (G. Urlaub and L.A. Cha
sin, 1980 Proc. Natl. Acad. Sci., 77: 4216-4220. L. H. Graf, 
and L.A. Chasin 1982, Malec. Cell. Biol., 2: 93-96), CHO-
Kl Tet-On cell line (Clontech), CHO designated ECACC 
85050302 (CAMR, Salisbury, Wiltshire, UK), CHO clone 13 
(GEIMG, Genova, IT), CHO clone B (GEIMG, Genova, IT), 
CHO-Kl/SF designated ECACC 93061607 (CAMR, Salis
bury, Wiltshire, UK), RR-CHOKl designated ECACC 
92052129 (CAMR, Salisbury, Wiltshire, UK), CHOKlsv 
(Edmonds et al., Mo!. Biotech. 34: 179-190 (2006)), CHO-S 
(Pichler et al., Biotechnol. Bioeng. 108:386-94 (2011 )), dihy
drofolate reductase negative CHO cells (CHO/-DHFR, 
Urlaub and Chasin, 1980, Proc. Natl. Acad. Sci. USA, 
77:4216), and dp12.CHO cells (U.S. Pat. No. 5,721,121); 
monkey kidney CVI cells transformed by SV 40 (COS cells, 
COS-7, ATCC CRL-1651); human embryonic kidney cells 
(e.g., 293 cells, or 293 cells subcloned for growth in suspen
sion culture, Graham et al., 1977, J. Gen. Viral., 36:59); baby 
hamster kidney cells (BHK, ATCC CCL-1 0); monkey kidney 
cells (CVI, ATCC CCL-70); African green monkey kidney 
cells (VERO-76, ATCC CRL-1587; VERO, ATCC CCL-81); 
mouse sertoli cells (TM4, Mather, 1980, Biol. Reprod., 
23: 243-251); human cervical carcinoma cells (HELA, ATCC 
CCL-2); canine kidney cells (MDCK, ATCC CCL-34); 
human lung cells (W138, ATCC CCL-75); human hepatoma 
cells (HEP-G2, HB 8065); mouse manimary tumor cells 
(MMT 060562, ATCC CCL-51); buffalo rat liver cells (BRL 
3A, ATCC CRL-1442); TRI cells (Mather, 1982, Ann. NY 
Acad. Sci., 383:44-68); MCR 5 cells; and FS4 cells. 

For long-term, high-yield production ofrecombinant pro
teins, host cells can be engineered to stably express a 
polypeptide (e.g., antibody). Host cells can be transformed 
with DNA controlled by appropriate expression control ele-
ments known in the art, including promoter, enhancer, 
sequences, transcription terminators, polyadenylation sites, 
and selectable markers. Methods commonly known in the art 
of recombinant DNA technology can be used to select a 
desired recombinant clone. In some embodiments, a cell is 
genetically engineered to increase level of expression of an 
endogenous polypeptide, e.g., by increasing transcription of a 
gene encoding the polypeptide and/or increasing mRNA sta
bility. In some embodiments, transcription of a gene encoding 
a polypeptide is increased by: altering the regulatory 
sequence of the endogenous gene, e.g., in a somatic cell, e.g., 
by the addition of a positive regulatory element, such as an 
enhancer or a DNA-binding site for a transcriptional activa-

of expression can be enhanced by the inclusion of appropriate 
transcription enhancer elements, transcription terminators, 
etc. (see, e.g., Bittner et al., 1987, Methods in Enzymol. 153: 
516-544). 50 tor; the deletion of a negative regulatory element, such as a 

DNA-binding site for a transcriptional repressor; and/or 
replacement of the endogenous regulatory sequence, or ele
ments therein, with that of another gene, thereby allowing the 

In addition, a host cell strain can be chosen that modulates 
the expression of the inserted sequences, or modifies and 
processes the gene product in the specific fashion desired. 
Different host cells have characteristic and specific mecha
nisms for the post-translational processing and modification 55 

of proteins and gene products. Appropriate cell lines or host 
systems can be chosen to ensure the correct modification and 
processing of the polypeptide (e.g., antibody) expressed. 
Such cells include, for example, established mammalian cell 
lines and insect cell lines, animal cells, fungal cells, and yeast 60 

cells. Mammalian host cells include, but are not limited to, 
CHO, Vero, BHK, HeLa, COS, MDCK, HEK-293, NIH-3T3, 
W138, BT483, Hs578T, HTB2, BT20, T47D, NS0 (a murine 
myeloma cell line that does not endogenously produce any 
immunoglobulin chains), CRL7O3O, HsS78Bst cells, 65 

PER.C6, SP2/0-Ag14, andhybridoma cells.Additional, non
limiting examples of animal or mammalian host cells include 

coding region of the gene to be transcribed more efficiently. 
Once a polypeptide described herein (e.g., an antibody 

described herein) has been produced by recombinant expres
sion, it can be purified by any method known in the art for 
purification, for example, by chromatography (e.g., ion 
exchange, affinity, and sizing column chromatography), cen
trifugation, differential solubility, or by any other standard 
technique for the purification of proteins. For example, an 
antibody can be isolated and purified by appropriately select
ing and combining affinity columns such as Protein A column 
with chromatography columns, filtration, ultra filtration, salt
ing-out and dialysis procedures (see Antibodies: A Labora
tory Manual, Ed Harlow, David Lane, Cold Spring Harbor 
Laboratory, 1988). Further, as described herein, a polypeptide 
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(e.g., an antibody) can be fused to heterologous polypeptide 
sequences to facilitate purification. Polypeptides having 
desired sugar chains can be separated with a lectin column by 
methods known in the art (see, e.g., WO 02/30954). 

In accordance with the present disclosure, there may be 5 

employed conventional molecular biology, microbiology, 
and recombinant DNA techniques within the skill of the art. 
Such techniques are described in the literature (see, e.g., 
Sambrook, Fritsch & Maniatis, Molecular Cloning: A Labo
ratory Manual, Second Edition (1989) Cold Spring Harbor 10 

Laboratory Press, Cold Spring Harbor, N.Y.; DNA Cloning: A 
Practical Approach, Volumes I and II (D. N. Glover ed. 
1985); Oligonucleotide Synthesis (M. J. Gait ed. 1984); 
Nucleic Acid Hybridization (B. D. Hames & S. J. Higgins eds. 
(1985)); Transcription And Translation (B. D. Hames & S. J. 15 

Higgins, eds. (1984)); Animal Cell Culture (R. I. Freshney, 

18 
glycans is increased relative to the corresponding level( s) in a 
preparation of the polypeptide produced using the same 
medium that does not include a reduced level of putrescine. In 
some embodiments, the increased level of high mannose gly
cans and/or GOF glycans is higher than the corresponding 
level(s) by at least about 10%, 20%, 30%, 40%, 50%, 60%, 
70%, 80%, 90%, 100%, 150%, 200%, 250%, 300%, 350%, 
400%, 450%, 500%, or more, of the corresponding level. 

In some embodiments, cells genetically engineered to 
express a polypeptide are cultured ( e.g., at one or more stages 
of culture) in a medium that includes a reduced level of 
putrescine, e.g., does not include putrescine, to decrease lev
els of fucosylated glycans, galactosylated glycans, sialylated 
glycans, GlF glycans, and/orG2F glycans ina preparation of 
the polypeptide expressed by the cells. In some embodiments, 
a level of fucosylated glycans, galactosylated glycans, sialy-
lated glycans, G 1 F glycans, and/or G2F glycans is decreased 
relative to the corresponding level(s) in a preparation of the 
polypeptide produced using the same medium that does not 

ed. (1986)); Immobilized Cells and Enzymes (IRL Press, 
(1986)); B. Perbal, A Practical Guide To Molecular Cloning 
(1984); F. M. Ausubel et al. (eds.), Current Protocols in 
Molecular Biology, John Wiley & Sons, Inc. (1994). 
Culture Methods 

In general, polypeptides (e.g., antibodies) having target 
levels of glycans (e.g., fucosylated glycans, galactosylated 
glycans, high mannose glycans, and sialylated glycans) can 
be produced by culturing cells in media that contains 
putrescine, e.g., a particular, effective level of putrescine 
(e.g., during one or more stages of culture). 

20 include a reduced level of putrescine. In some embodiments, 
the decreased level of fucosylated glycans, galactosylated 
glycans, sialylated glycans, G 1 F glycans, and/or G2F glycans 
is lower than the corresponding level(s) by at least about 10%, 
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, or 100%, 

In some embodiments, cells genetically engineered to 
express a polypeptide are cultured ( e.g., at one or more stages 

25 of the corresponding level. 
As used herein, an "elevated level of putrescine" means a 

higher concentration of putrescine than is present in a stan
dard medium, a starting medium, a medium used at one or 
more stages of culture, and/or in a medium in which a 

30 polypeptide is produced. In some embodiments, putrescine is 
not present in a standard and/or starting medium, a medium 
used at one or more other stages of culture, and/or in a 
medium in which a polypeptide is produced, and an "elevated 
level" is any amount of putrescine. A medium can include an 

of culture) in a medium that includes putrescine, e.g., an 
elevated level of putrescine, to decrease levels of high man
nose glycans and/or GOF glycans in a preparation of the 
polypeptide expressed by the cells. In some embodiments, a 
level of high mannose glycans and/or GOF glycans is 
decreased relative to the corresponding level( s) in a prepara
tion of the polypeptide produced using the same medium that 
does not include putrescine, e.g., an elevated level of 
putrescine. In some embodiments, the decreased level of high 
mannose glycans and/or GOF glycans is lower than the cor
responding level(s) by at least about 10%, 20%, 30%, 40%, 40 

50%, 60%, 70%, 80%, 90%, 95%, or 100%, of the corre
sponding level. 

35 elevated level of putrescine initially (i.e., at the start of a 
culture), and/or medium can be supplemented with 
putrescine to achieve an elevated level of putrescine at a 
particular time or times (e.g., at one or more stages) during 
culturing. 

In some embodiments, an elevated level of putrescine is an 
increase ofat least about 10%, 20%, 30%, 40%, 50%, 60%, 
70%, 80%, 90%, 100%, 150%, 200%, 250%, 300%, 350%, 
400%, 450%, 500%, 550%, 600%, 650%, 700%, 750%, 
800%, 850%, 900%, 950%, 1000% or more, relative to a level 

In some embodiments, cells genetically engineered to 
express a polypeptide are cultured ( e.g., at one or more stages 
of culture) in a medium that includes putrescine, e.g., an 
elevated level ofputrescine, to increase levels offucosylated 
glycans, galactosylated glycans, sialylated glycans, G IF gly
cans, and/or G2F glycans, in a preparation of the polypeptide 
expressed by the cells. In some embodiments, a level of 
fucosylated glycans, galactosylated glycans, sialylated gly
cans, GlF glycans, and/or G2F glycans is increased relative 

45 of putrescine in a standard medium, a starting medium, a 
medium during one or more stages of culture, and/or in a 
medium in which a polypeptide is produced. 

In some embodiments, an elevated level of putrescine is an 
increase in level of putrescine by at least about 0.1 mg/L, 0.2 

50 mg/L, 0.3 mg/L, 0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 0.8 
mg/L, 0.9 mg/L, 1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 mg/L, 3 mg/L, 
3.5 mg/L, 4 mg/L, 4.5 mg/L, 5 mg/L, 5.5 mg/L, 6 mg/L, 6.5 
mg/L, 7 mg/L, 7.5 mg/L, 8 mg/L, 8.5 mg/L, 9 mg/L, 9.5 mg/L, 

to the corresponding level( s) in a preparation of the polypep
tide produced using the same medium that does not include 
putrescine, e.g., an elevated level of putrescine. In some 
embodiments, the increased level of fucosylated glycans, 55 

galactosylated glycans, sialylated glycans, G IF glycans, and/ 

10 mg/L, or more. 
In some embodiments, an elevated level of putrescine is 

about O.Ql mg/L, 0.05 mg/L, 0.1 mg/L, 0.2 mg/L, 0.3 mg/L, 
0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 mg/L, 
1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 mg/L, 3 mg/L, 3.5 mg/L, 4 
mg/L,4.5mg/L, 5mg/L, 5.5mg/L, 6mg/L, 6.5mg/L, 7mg/L, 

or G 2F glycans is higher than the corresponding level( s) by at 
least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 
90%, 100%, 150%, 200%, 250%, 300%, 350%, 400%, 450%, 
500%, or more, of the corresponding level. 

In some embodiments, cells genetically engineered to 
express a polypeptide are cultured ( e.g., at one or more stages 
of culture) in a medium that includes a reduced level of 
putrescine, e.g., does not include putrescine, to increase lev
els of high mannose glycans and/or GOF glycans in a prepa
ration of the polypeptide expressed by the cells. In some 
embodiments, a level of high mannose glycans and/or GOF 

60 7.5 mg/L, 8 mg/L, 8.5 mg/L, 9 mg/L, 9.5 mg/L, 10 mg/L, 15 
mg/L, 20 mg/L, 25 mg/L, 30 mg/L, 35 mg/L, 40 mg/L, or 
more. In some embodiments, an elevated level of putrescine is 
about 0.1 mg/L to about 10 mg/L, about 0.1 mg/L to about 1 
mg/L, about 1 mg/L to about 2 mg/L, about 2 mg/L to about 

65 3 mg/L, about 3 mg/L to about 4 mg/L, about 4 mg/L to about 
5 mg/L, about 5 mg/L to about 6 mg/L, about 6 mg/L to about 
7 mg/L, about 7 mg/L to about 8 mg/L, about 8 mg/L to about 
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9 mg/L, about 9 mg/L to about 10 mg/L, about 1 mg/L to 
about 5 mg/L, about 5 mg/L to about 10 mg/L, about 0.1 mg/L 
to about 0.5 mg/L, or about 0.5 mg/L to about 1 mg/L 
putrescine. 

As used herein, a "reduced level of putrescine" means a 
lower concentration of putrescine than is present in a standard 
medium, a starting medium, a medium used at one or more 
stages of culture, and/or in a medium in which a polypeptide 
is produced. A medium can include a reduced level of 
putrescine initially (i.e., at the start of a culture), a medium 
can be diluted at a particular time or times (e.g., at one or more 
stages) during culturing to reduce the level of putrescine, 
and/or a medium can be replaced with a medium having a 
reduced level of putrescine at a particular time or times ( e.g., 
at one or more stages) during culturing. In some embodi
ments, a reduced level of putrescine is no putrescine or no 
detectable level ofputrescine in a medium. 

In some embodiments, a reduced level of putrescine is a 
decrease of at least about 10%, 20%, 30%, 40%, 50%, 60%, 
70%, 80%, 90%, or 100%, relative to a level of putrescine in 
a standard medium, a starting medium, a medium during one 
or more stages of culture, and/or in a medium in which a 
polypeptide is produced. 

In some embodiments, a reduced level of putrescine is a 
decrease by at least about 0.1 mg/L, 0.2 mg/L, 0.3 mg/L, 0.4 
mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 mg/L, 1 
mg/L, 1.5 mg/L, 2 mg/L, 2.5 mg/L, 3 mg/L, 3.5 mg/L, 4 mg/L, 
4.5 mg/L, 5 mg/L, 5.5 mg/L, 6 mg/L, 6.5 mg/L, 7 mg/L, 7.5 
mg/L, 8 mg/L, 8.5 mg/L, 9 mg/L, 9.5 mg/L, 10 mg/L, or more. 

In some embodiments, a reduced level of putrescine is less 
than about 10mg/L, 9.5 mg/L, 9 mg/L, 8.5 mg/L, 8 mg/L, 7.5 
mg/L, 7 mg/L, 6.5 mg/L, 6 mg/L, 5.5 mg/L, 5 mg/L, 4.5 mg/L, 
4 mg/L, 3.5 mg/L, 3 mg/L, 2.5 mg/L, 2 mg/L, 1.5 mg/L, 1 
mg/L, 0.9 mg/L, 0.8 mg/L, 0.7 mg/L, 0.6 mg/L, 0.5 mg/L, 0.4 
mg/L, 0.3 mg/L, 0.2 mg/L, 0.1 mg/L, 0.05 mg/L, 0.Ql mg/L, 
or less. 

20 
g/L glucosamine; about 0.5% to about 5% DMSO, and/or 
about 0.01 g/L to about 0.1 g/L dextran sulfate. 

Media that has been prepared or commercially available 
can be modified according to the present disclosure for utili-

5 zation in the methods described herein. Nonlimiting 
examples of such media include Minimal Essential Medium 
(MEM, Sigma, St. Louis, Mo.); Ham's Fl0 Medium (Sigma); 
Dulbecco's Modified Eagles Medium (DMEM, Sigma); 
RPM 1-1640 Medium (Sigma); HyClone cell culture medium 

10 (HyClone, Logan, Utah); Power CHO2 (Lonza Inc., Allen
dale, N.J.); and chemically-defined (CD) media, which are 
formulated for particular cell types, e.g., CD-CHO Medium 
(Invitrogen, Carlsbad, Calif.). Culture medium suitable for 
particular cells being cultured can be determined by a person 

15 of ordinary skill in the art without undue experimentation, 
and such medium can be altered according to the disclosure. 

Cell culture conditions (including pH, 0 2 , CO2 , agitation 
rate and temperature) suitable for cellular production of 
polypeptides described herein ( e.g., antibodies) are those that 

20 are known in the art, such as conditions for batch, continuous, 
or fed-batch culturing of cells. For example, pH of cell culture 
medium is generally maintained at about 6.8 to about 7.2. 

In some embodiments, cells are cultured in one or more 
stages, and cells can be cultured in medium having an 

25 elevated or reduced level of putrescine in one or more stages. 
For example, a culture method can include a first stage ( e.g., 
using a medium having a reduced level of putrescine) and a 
second stage ( e.g., using a medium having an elevated level of 
putrescine). In some embodiments, a culture method can 

30 include a first stage ( e.g., using a medium having an elevated 
level of putrescine) and a second stage (e.g., using a medium 
having a reduced level of putrescine ). In some embodiments, 
a culture method includes more than two stages, e.g., 3, 4, 5, 
6, or more stages, and any stage can include medium having 

35 an elevated level of putrescine or a reduced level of 
putrescine. The length of culture is not limiting. For example, 
aculturemethodcanbe5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 
17, 18, 19, 20, or more days. In some embodiments, a culture 
method includes at least two stages. For example, a first stage 

Cells can be cultured in a variety of cell culture media 
known in the art, which are modified according to the disclo
sure to include putrescine as described herein. Cell culture 
medium is understood by those of skill in the art to refer to a 
nutrient solution in which cells, such as animal or mammalian 
cells, are grown. A cell culture medium generally includes 
one or more of the following components: an energy source 
(e.g., a carbohydrate such as glucose); amino acids; vitamins; 45 

lipids or free fatty acids; and trace elements, e.g., inorganic 
compounds or naturally occurring elements in the micromo-

40 can include culturing cells in medium having a reduced level 
ofputrescine (e.g., for about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more 
days), and a second stage can include culturing cells in 
medium having an elevated level of putrescine ( e.g., for about 
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more days). 

In some embodiments, cells are cultured in an initial 
medium having a reduced level ofputrescine for 5 days, and 
medium having an elevated of putrescine is added to the 
culture of cells on day 6. lar range. Cell culture medium can also contain additional 

components, such as hormones and other growth factors ( e.g., 
insulin, transferrin, epidermal growth factor, serum, and the 
like); salts (e.g., calcium, magnesium and phosphate); buffers 
(e.g., HEPES); nucleosides and bases (e.g., adenosine, thy
midine, hypoxanthine); antibiotics (e.g., gentamycin); and 
cell protective agents (e.g., a Pluronic polyol (Pluronic F68)). 

In some embodiments, in addition to an elevated or reduced 
level of putrescine, a cell culture medium includes lysine, 
cysteine, ammonium, manganese, cobalt, copper, a peptone, 
glucose, galactose, galactosamine, glucosamine, glutamine, a 
lipid (e.g., cholesterol), DMSO, and/or dextran sulfate. For 
example, a culture medium can include about 0.1 g/L to about 
30 g/L lysine; about 0.1 g/L to about 1 g/L cysteine; about 1 
mM to about 50 mM ammonium; about 0.01 mM to about 0.5 
mM manganese; about 0.1 mg/L to about 30 mg/L cobalt; 
about 1 µM to about 10 mM copper; about 0.1 g/L to about 10 
g/L glucose; about 0.5 g/L to about 30 g/L peptone, e.g., a 
non-animal derived peptone such as soy or cottonseed; about 
1 µM to about 1 mM galactosamine; about 0.1 g/L to about 5 

In some embodiments, a first stage of culture is a growth 
50 stage. Generally, during a growth stage, a cell culture under

goes a period of exponential cell growth (the log phase) where 
cells are generally rapidly dividing. In some embodiments, 
cells are cultured under such conditions such that cell growth 
is maximized. The growth cycle and conditions for maximiz-

55 ing growth of host cells can be determined for a particular 
host cell by a person of ordinary skill in the art without undue 
experimentation. In some embodiments, cells are maintained 
in a growth stage for a period of between 1 and 10 days. In 
some embodiments, cells are cultured in a medium having a 

60 reduced level of putrescine or an elevated level of putrescine 
for all or part of a growth stage. 

In some embodiments, a second stage of culture is a pro
duction stage. Generally, during a production stage, cell 
growth has plateaued or is maintained at a near constant level. 

65 During a production stage, logarithmic cell growth has ended 
and polypeptide production is increased. During this period 
of time, a medium can generally be supplemented to support 
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continued polypeptide production and to achieve a desired 
polypeptide product. In some embodiments, cells are main
tained in a production stage for a period of between 1 and 10 
days. In some embodiments, cells are cultured in a medium 
having a reduced level of putrescine or an elevated level of 5 

putrescine for all or part of a production stage. 

Continuous Culture 
Continuous culture is a culture method in which a medium 

is added and discharged continuously during culture. This 
continuous method includes perfusion culture. For example, 
in the production of polypeptides (e.g., antibodies) having 
targeted levels of glycans ( e.g., fucosylated glycans, galacto-

In general, cell culture methods are classified as batch 
culture, continuous culture, and fed-batch culture. Any of 
these culture methods can be used to grow cells that produce 
polypeptides (e.g., antibodies) having targeted levels of gly- 10 

cans (e.g., fucosylated glycans, galactosylated glycans, high 
mannose glycans, and sialylated glycans). 

sylated glycans, high mannose glycans, and sialylated gly
cans) using continuous culture, level of putrescine in the 
medium can be adjusted at one or more stages of culture to 
result in an elevated level or a reduced level of putrescine. In 
certain methods, culture medium used at a first stage of cul-
ture does not include an elevated level or a reduced level of 
putrescine, but at a particular time point during continuous 
culture (such as during all or part of a growth stage and/or a 
production stage), medium added during culture is elevated or 
reduced in the level of putrescine. 

In some embodiments, polypeptides (e.g., antibodies) hav
ing target levels of glycans ( e.g., fucosylated glycans, galac
tosylated glycans, high mannose glycans, and sialylated gly- 15 

cans) are produced by culturing cells in media that contains 
one or more polyamines Such polyamines include, without 
limitation, putrescine, spermine, spermidine, and cadaverine 
(see, e.g., Kusano et al., Planta 228:367-381 (2008)). In some 
embodiments, cells are cultured in a culture medium having 20 

an elevated level or a reduced level of one or more 

In some embodiments, polypeptides (e.g., antibodies) hav-
ing targeted levels of glycans (e.g., fucosylated glycans, 
galactosylated glycans, high mannose glycans, and sialylated 
glycans) are produced by continuous culture of cells express
ing the polypeptide in a medium having an elevated level of 

polyamines. 
Batch Culture 
In batch culture, a small amount of seed culture solution is 

added to a medium and cells are grown without any addition 
of a new medium or discharge of culture solution during 
culture. For the production of polypeptides ( e.g., antibodies) 
having targeted levels of glycans ( e.g., fucosylated glycans, 
galactosylated glycans, highmannose glycans, and sialylated 
glycans) using batch culture, the medium comprises an 
elevated level or a reduced level of putrescine at an initial 
stage of cell culture. 

In some embodiments, polypeptides (e.g., antibodies) hav
ing targeted levels of glycans (e.g., fucosylated glycans, 
galactosylated glycans, highmannose glycans, and sialylated 
glycans) are produced by batch culture of cells expressing the 
polypeptide in a medium having an elevated level of 
putrescine. In some embodiments, cells are cultured in a 
medium having at least about 0.01 mg/L, 0.05 mg/L, 0.1 
mg/L, 0.2 mg/L, 0.3 mg/L, 0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 
mg/L, 0.8 mg/L, 0.9 mg/L, 1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 
mg/L, 3 mg/L, 3.5 mg/L, 4 mg/L, 4.5 mg/L, 5 mg/L, 5.5 mg/L, 
6 mg/L, 6.5 mg/L, 7 mg/L, 7.5 mg/L, 8 mg/L, 8.5 mg/L, 9 
mg/L, 9.5 mg/L, 10 mg/L, 15 mg/L, 20 mg/L, 25 mg/L, 30 
mg/L, 35 mg/L, 40 mg/L, or more, putrescine. In some 
embodiments, cells are cultured in a medium having at least 
about 0.1 mg/L to about 10 mg/L, about 0.1 mg/L to about 1 
mg/L, about 1 mg/L to about 2 mg/L, about 2 mg/L to about 
3 mg/L, about 3 mg/L to about 4 mg/L, about 4 mg/L to about 
5 mg/L, about 5 mg/L to about 6 mg/L, about 6 mg/L to about 
7 mg/L, about 7 mg/L to about 8 mg/L, about 8 mg/L to about 
9 mg/L, about 9 mg/L to about 10 mg/L, about 1 mg/L to 
about 5 mg/L, about 5 mg/L to about 10 mg/L, about 0.1 mg/L 
to about 0.5 mg/L, or about 0.5 mg/L to about 1 mg/L 
putrescine. 

In some embodiments, polypeptides (e.g., antibodies) hav
ing targeted levels of glycans (fucosylated glycans, galacto
sylated glycans, high mannose glycans, and sialylated gly
cans) are produced by batch culture of cells expressing the 
polypeptide in a medium having a reduced level of putrescine. 
In some embodiments, cells are cultured in a medium having 
less than about 10mg/L, 9.5 mg/L, 9 mg/L, 8.5 mg/L, 8mg/L, 
7.5 mg/L, 7 mg/L, 6.5 mg/L, 6 mg/L, 5.5 mg/L, 5 mg/L, 4.5 
mg/L, 4 mg/L, 3 .5 mg/L, 3 mg/L, 2.5 mg/L, 2 mg/L, 1.5 mg/L, 

putrescine (e.g., during one or more stages of continuous 
culture). In some embodiments, cells are cultured, during one 
or more stages of continuous culture, in a medium having at 

25 least about 0.Ql mg/L, 0.05 mg/L, 0.1 mg/L, 0.2 mg/L, 0.3 
mg/L, 0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 
mg/L, 1 mg/L, 1.5mg/L, 2mg/L, 2.5mg/L, 3mg/L, 3.5 mg/L, 
4 mg/L, 4.5 mg/L, 5 mg/L, 5.5 mg/L, 6 mg/L, 6.5 mg/L, 7 
mg/L, 7.5 mg/L, 8 mg/L, 8.5 mg/L, 9 mg/L, 9.5 mg/L, 10 

30 mg/L, 15 mg/L, 20 mg/L, 25 mg/L, 30 mg/L, 35 mg/L, 40 
mg/L, or more, putrescine. In some embodiments, cells are 
cultured, during one or more stages of continuous culture, in 
a medium having at least about 0.1 mg/L to about 10 mg/L, 
about 0.1 mg/L to about 1 mg/L, about 1 mg/L to about 2 

35 mg/L, about 2 mg/L to about 3 mg/L, about 3 mg/L to about 
4 mg/L, about 4 mg/L to about 5 mg/L, about 5 mg/L to about 
6 mg/L, about 6 mg/L to about 7 mg/L, about 7 mg/L to about 
8 mg/L, about 8 mg/L to about 9 mg/L, about 9 mg/L to about 
10 mg/L, about 1 mg/L to about 5 mg/L, about 5 mg/L to 

40 about 10 mg/L, about 0.1 mg/L to about 0.5 mg/L, or about 
0.5 mg/L to about 1 mg/L putrescine. 

In some embodiments, cells are cultured, during one or 
more stages of continuous culture, in a medium having a 
reduced level of putrescine. In some embodiments, cells are 

45 cultured, during one or more stages of continuous culture, in 
a medium having less than about 10 mg/L, 9.5 mg/L, 9 mg/L, 
8.5 mg/L, 8 mg/L, 7.5 mg/L, 7 mg/L, 6.5 mg/L, 6 mg/L, 5.5 
mg/L, 5 mg/L, 4.5 mg/L, 4 mg/L, 3.5 mg/L, 3 mg/L, 2.5 mg/L, 
2 mg/L, 1.5 mg/L, 1 mg/L, 0.9 mg/L, 0.8 mg/L, 0.7 mg/L, 0.6 

50 mg/L, 0.5 mg/L, 0.4 mg/L, 0.3 mg/L, 0.2 mg/L, 0.1 mg/L, 
0.05 mg/L, 0.01 mg/L, or less putrescine. 

Fed-Batch Culture 
Fed-batch culture is a method between batch culture and 

continuous culture. In a fed-batch culture, a cell culture is fed 
55 or supplemented continuously or sequentially during culture, 

but unlike continuous culture, discharge of culture solution is 
not carried out during culture. For example, for the produc
tion of polypeptides (e.g., antibodies) having targeted levels 
of glycans (e.g., fucosylated glycans, galactosylated glycans, 

60 high mannose glycans, and sialylated glycans) using fed
batch culture, medium added during one or more stages of 
culture can have an elevated level or a reduced level of 
putrescine. 

1 mg/L, 0.9 mg/L, 0.8 mg/L, 0.7 mg/L, 0.6 mg/L, 0.5 mg/L, 65 

0.4 mg/L, 0.3 mg/L, 0.2 mg/L, 0.1 mg/L, 0.05 mg/L, 0.01 
mg/L, or less putrescine. 

In some embodiments, polypeptides (e.g., antibodies) hav
ing targeted levels of glycans (e.g., fucosylated glycans, 
galactosylated glycans, high mannose glycans, and sialylated 
glycans) are produced by adding medium (at one or more 
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stages) to a fed batch culture of cells expressing the polypep
tide sufficient to achieve (at one or more stages) an elevated 
level ofputrescine. In some embodiments, at least about 0.01 
mg/L, 0.05 mg/L, 0.1 mg/L, 0.2 mg/L, 0.3 mg/L, 0.4 mg/L, 
0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 mg/L, 1 mg/L, 5 

1.5 mg/L, 2 mg/L, 2.5 mg/L, 3 mg/L, 3.5 mg/L, 4 mg/L, 4.5 
mg/L, 5 mg/L, 5 .5 mg/L, 6 mg/L, 6.5 mg/L, 7 mg/L, 7 .5 mg/L, 
8 mg/L, 8.5 mg/L, 9 mg/L, 9.5 mg/L, 10 mg/L, 15 mg/L, 20 
mg/L, 25 mg/L, 30 mg/L, 35 mg/L, 40 mg/L, or more, 
putrescine in the culture medium is achieved ( e.g., by adding 10 

or supplementing with putrescine, e.g., at one or more stages). 
In some embodiments, a level of putrescine of at least about 
0.1 mg/L to about 10 mg/L, about 0.1 mg/L to about 1 mg/L, 
about 1 mg/L to about 2 mg/L, about 2 mg/L to about 3 mg/L, 
about 3 mg/L to about 4 mg/L, about 4 mg/L to about 5 mg/L, 15 

about 5 mg/L to about 6 mg/L, about 6 mg/L to about 7 mg/L, 
about 7 mg/L to about 8 mg/L, about 8 mg/L to about 9 mg/L, 
about 9 mg/L to about 10 mg/L, about 1 mg/L to about 5 
mg/L, about 5 mg/L to about 10 mg/L, about 0.1 mg/L to 
about 0.5 mg/L, or about 0.5 mg/L to about 1 mg/L, is 20 

achieved. 
In some embodiments, polypeptides (e.g., antibodies) hav

ing targeted levels of glycans (e.g., fucosylated glycans, 
galactosylated glycans, highmannose glycans, and sialylated 
glycans) are produced by adding medium (at one or more 25 

stages) to a fed batch culture of cells expressing the polypep
tide sufficient to achieve (at one or more stages) a reduced 
level of putrescine. In some embodiments, less than about 10 
mg/L, 9.5 mg/L, 9 mg/L, 8.5 mg/L, 8 mg/L, 7.5 mg/L, 7 mg/L, 
6.5 mg/L, 6 mg/L, 5.5 mg/L, 5 mg/L, 4.5 mg/L, 4 mg/L, 3.5 30 

mg/L, 3 mg/L, 2.5 mg/L, 2 mg/L, 1.5 mg/L, 1 mg/L, 0.9 mg/L, 
0.8 mg/L, 0.7 mg/L, 0.6 mg/L, 0.5 mg/L, 0.4 mg/L, 0.3 mg/L, 
0.2 mg/L, 0.1 mg/L, 0.05 mg/L, 0.Ql mg/L, or less putrescine 
in the culture medium is achieved (at one or more stages). 

According to the present disclosure, cell culture can be 35 

carried out under conditions for large or small scale produc
tion of polypeptides (e.g., antibodies), using culture vessels 
and/or culture apparatuses that are conventionally employed 
for animal or mammalian cell culture. For example, tissue 
culture dishes, T-flasks, shaker flasks, and spinner flasks can 40 

be used on a laboratory scale. For culturing on a larger scale 
(e.g., 1 L, l0L, l00L, 500L, 5000 L, or more), a fluidized bed 
bioreactor, a hollow fiber bioreactor, a roller bottle culture, or 

24 
A glycoprotein described herein can include a target-bind

ing domain that binds to a target of interest ( e.g., binds to an 
antigen). For example, a glycoprotein, such as an antibody, 
can bind to a transmembrane polypeptide (e.g., receptor) or 
ligand (e.g., a growth factor). Exemplary molecular targets 
(e.g., antigens) for glycoproteins described herein (e.g., anti-
bodies) include CD proteins such as CD2, CD3, CD4, CD8, 
CDll, CD19, CD20, CD22, CD25, CD33, CD34, CD40, 
CD52; members of the ErbB receptor family such as the EGF 
receptor (EGFR, HERi, ErbBl), HER2 (ErbB2), HER3 
(ErbB3) or HER4 (ErbB4) receptor; macrophage receptors 
such as CRig; tumor necrosis factors such as TNFa or 
TRAIL/Apo-2; cell adhesion molecules such as LFA-1, 
Macl, p150, 95, VLA-4, ICAM-1, VCAMandav~3 integrin 
including either a or ~ subunits thereof (e.g., anti-CDlla, 
anti-CD 18 or anti-CD 11 b antibodies); growth factors and 
receptors such as EGF, FGFR (e.g., FGFR3) and VEGF; IgE; 
cytokines such as ILi; cytokine receptors such as IL2 recep
tor; blood group antigens; flk2/flt3 receptor; obesity (OB) 
receptor; mp! receptor; CTLA-4; protein C; neutropilins; 
ephrins and receptors; netrins and receptors; slit and recep-
tors; chemokines and chemokine receptors such as CCL5, 
CCR4, CCR5; amyloid beta; complement factors, such as 
complement factor D; lipoproteins, such as oxidized LDL 
(oxLDL); lymphotoxins, such as lymphotoxin alpha (LTa). 
Other molecular targets include Tweak, B7RP-1, proprotein 
convertase subtilisin/kexin type 9 (PCSK9), sclerostin, c-kit, 
Tie-2, c-fms, and anti-Ml. 

Reference Polypeptides 
In some embodiments, described herein are therapeutic 

polypeptide ( e.g., glycoprotein) having targeted levels of gly
cans (e.g., fucosylated glycans, galactosylated glycans, high 
mannose glycans, and sialylated glycans), where the targeted 
levels are the levels of glycans (e.g., fucosylated glycans, 
galactosylated glycans, high mannose glycans, and sialylated 
glycans) in a reference polypeptide product (e.g., glycopro-
tein product). N onlimiting, exemplary reference glycoprotein 
products can include abatacept (Orencia®, Bristol-Myers 
Squibb), abciximab (ReoPro®, Roche), adalimumab (Hu
mira®, Bristol-Myers Squibb), aflibercept (Eylea®, Regen
eron Pharmaceuticals), alefacept (Amevive®, Astellas 
Pharma), alemtuzumab (Campath®, Genzyme/Bayer), basil
iximab (Simulect®, Novartis), belatacept (Nulojix®, Bristol
Myers Squibb), belimumab (Benlysta®, GlaxoSmithKline), a stirred tank bioreactor system can be used ( e.g., as described 

in U.S. Pat. Nos. 7,541,164 and 7,332,303). 45 bevacizumab (Avastin®, Roche), canakinumab (Ilaris®, 
Novartis), brentuximab vedotin (Adcetris®, Seattle Genet
ics), certolizumab (CIMZIA®, UCB, Brussels, Belgium), 
cetuximab (Erbitux®, Merck-Serano), daclizumab (Zena-

In particular methods, levels of one or more glycans (fuco
sylated glycans, galactosylated glycans, high mannose gly
cans, and sialylated glycans) in a preparation of polypeptides 
(e.g., antibodies) are monitored during one or more times 
(e.g., one or more stages) of cell culture, thereby allowing 50 

adjustment (e.g., increasing or decreasing the amount of 
putrescine in the culture) or possibly termination of the cul
ture in order, for example, to achieve a target level of polypep
tides ( e.g., antibodies) having targeted levels of glycans ( e.g., 
fucosylated glycans, galactosylated glycans, high mannose 55 

glycans, and sialylated glycans). 
Polypeptides 

Described herein are therapeutic preparations of polypep
tides ( e.g., glycoproteins ), and methods of making and using 
such preparations. Glycoproteins include, for example, any of 60 

a variety of hematologic agents (including, for instance, 
erythropoietin, blood-clotting factors, etc.), interferons, 
colony stimulating factors, antibodies, enzymes, and hor
mones. The identity of a particular glycoprotein is not 
intended to limit the present disclosure, and a therapeutic 65 

preparation described herein can include any glycoprotein of 
interest, e.g., a glycoprotein having an Fe region. 

pax®, Hoffmann-La Roche), denileukin diftitox (Ontak®, 
Eisai), denosumab (Prolia®, Amgen; Xgeva®, Amgen), ecu
lizumab (Soliris®, Alexion Pharmaceuticals), efalizumab 
(Raptiva®, Genentech), etanercept (Enbrel®, Amgen
Pfizer), gemtuzumab (Mylotarg®, Pfizer), golimumab (Sim
poni®, Janssen), ibritumomab (Zevalin®, Spectrum Pharma
ceuticals), infliximab (Remicade®, Centocor), ipilimumab 
(Yervoy™, Bristol-Myers Squibb), muromonab (Orthoclone 
OKT3®, Janssen-Cilag), natalizumab (Tysabri®, Biogen 
Idec, Elan), ofatumumab (Arzerra®, GlaxoSmithKline), 
omalizumab (Xolair®, Novartis), palivizumab (Synagis®, 
Medimmune), panitumumab (Vectibix®, Amgen), ranibi
zumab (Lucentis®, Genentech), rilonacept (Arcalyst®, 
Regeneron Pharmaceuticals), rituximab (MabThera®, 
Roche), tocilizumab (Actemra®, Genentech; RoActemra, 
Hoffman-La Roche) tositumomab (Bexxar®, GlaxoSmith
Kline), and trastuzumab (Herceptin®, Roche). 

In some embodiments, a level of one or more glycans ( e.g., 
fucosylated glycans, galactosylated glycans, high mannose 
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glycans, and sialylated glycans) in a reference polypeptide 
product is determined by analyzing one or more preparations 
(e.g., one or more lots) of the reference polypeptide. In some 
embodiments, a level of one or more glycans (e.g., fucosy
lated glycans, galactosylated glycans, high mannose glycans, 5 

and sialylated glycans) in a reference polypeptide product is 
a range of the one or more glycans in two or more preparations 
of the reference polypeptide (e.g., two or more lots of the 
reference polypeptide product). In some embodiments, a 
level of one or more glycans is a range ( e.g., spanning a lowest 10 

level of the one or more glycans to a highest level of the one 
or more glycans) in two or more lots of the reference polypep
tide product. 

N-Linked Glycosylation 
15 

N-linked oligosaccharide chains are added to a protein in 
the lumen of the endoplasmic reticulum (see Molecular Biol
ogy of the Cell, Garland Publishing, Inc. (Alberts et al., 
1994)). Specifically, an initial oligosaccharide (typically 
14-sugar) is added to the amino group on the side chain ofan 20 

asparagine residue contained within the target consensus 
sequence of Asn-X-Ser/Thr, where X may be any amino acid 
except pro line. The structure of this initial oligosaccharide is 
common to most eukaryotes, and contains 3 glucose, 9 man
nose, and 2 N-acetylglucosamine residues. This initial oli- 25 

gosaccharide chain can be trimmed by specific glycosidase 
enzymes in the endoplasmic reticulum, resulting in a short, 
branched core oligosaccharide composed of two N-acetylglu
cosamine and three mannose residues. 

26 
N-Linked Glycosylation in Antibodies 
Antibodies are glycosylated at conserved, N-linked glyco

sylation sites in the Fe regions of immunoglobulin heavy 
chains. For example, each heavy chain ofan IgG antibody has 
a single N-linked glycosylation site at Asn297 of the CH2 
domain (see Jefferis, Nature Reviews 8:226-234 (2009)). IgA 
antibodies have N-linked glycosylation sites within the CH2 
and CH3 domains, IgE antibodies have N-linked glycosyla
tion sites within the CH3 domain, and IgM antibodies have 
N-linked glycosylation sites within the CHI, CH2, CH3, and 
CH4 domains (see Arnold et al., J. Biol. Chem. 280:29080-
29087 (2005); Mattu et al., J. Biol. Chem. 273:2260-2272 
(1998); Nettleton et al., Int.Arch.Allergy Immunol. 107:328-
329 (1995)). 

Each antibody isotype has a distinct variety of N-linked 
carbohydrate structures in the constant regions. For example, 
IgG has a single N-linked biantennary carbohydrate at 
Asn297 of the CH2 domain in each Fe polypeptide of the Fe 
region, which also contains the binding sites for Clq and FcyR 
(see Jefferis et al., Immunol. Rev. 163:59-76 (1998); and 
Wright et al., Trends Biotech 15:26-32 (1997)). For human 
IgG, the core oligosaccharide normally consists of 
GlcNAc2 Man3 GlcNAc, with differing numbers of outer resi
dues. Variation among individual IgG can occur via attach
ment of galactose and/or galactose-sialic acid at one or both 
terminal GlcNAc or via attachment of a third GlcNAc arm 
(bisecting GlcNAc), and/or attachment offucose. 

Antibodies 
The basic structure of an IgG antibody is illustrated in FIG. 

1. As shown in FIG. 1, an IgG antibody consists of two 
identical light polypeptide chains and two identical heavy 
polypeptide chains linked together by disulphide bonds. The 
first domain located at the amino terminus of each chain is 
variable in amino acid sequence, providing antibody binding 

N-glycans can be subdivided into three distinct groups 30 

called "high mannose type", "hybrid type", and "complex 
type", with a common pentasaccharide core (Man (alpha!, 
6)-(Man(alphal,3))-Man(betal,4)-GlcpNAc(beta 1,4)-Glcp
NAc(beta 1,N)-Asn) occurring in all three groups. 

35 specificities found in each individual antibody. These are 
known as variable heavy (VH) and variable light (VL) 
regions. The other domains of each chain are relatively invari
ant in amino acid sequence and are known as constant heavy 
(CH) and constant light (CL) regions.As shown in FIG. 1, for 

After initial processing in the endoplasmic reticulum, the 
glycoprotein is transported to the Golgi where further pro
cessing may take place. If the glycan is transferred to the 
Golgi before it is completely trimmed to the core pentasac
charide structure, it results in a "high-mannose glycan". 40 an IgG antibody, the light chain includes one variable region 

(VL) and one constant region (CL). An IgG heavy chain 
includes a variable region (VH), a first constant region (CHI), 
a hinge region, a second constant region (CH2), and a third 

Additionally or alternatively, one or more monosaccha
rides units of N-acetylglucosamine may be added to core 
mannose subunits to form a "complex glycan". Galactose 
may be added to N-acetylglucosamine subunits, and sialic 
acid subunits may be added to galactose subunits, resulting in 45 

chains that terminate with any of a sialic acid, a galactose or 

constant region (CH3). In IgE and IgM antibodies, the heavy 
chain includes an additional constant region (CH4). 

Antibodies described herein can include, for example, 
monoclonal antibodies, polyclonal antibodies (e.g., WIG), 
multispecific antibodies, human antibodies, humanized anti
bodies, camelized antibodies, chimeric antibodies, single-

an N-acetylglucosamine residue. Additionally, a fucose resi
due may be added to an N-acetylglucosamine residue of the 
core oligosaccharide. Each of these additions is catalyzed by 
specific glycosyl transferases, known in the art. 50 chain Fvs (scFv), disulfide-linked Fvs (sdFv), and anti-idio

typic (anti-Id) antibodies, and antigen-binding fragments of 
any of the above. Antibodies can be of any type (e.g., IgG, 
IgE, IgM, IgD, IgA and IgY), class (e.g., IgGl, IgG2, IgG3, 

Sialic acids are a family of9-carbon mono saccharides with 
heterocyclic ring structures. They bear a negative charge via a 
carboxylic acid group attached to the ring as well as other 
chemical decorations including N-acetyl and N-glycolyl 
groups. The two main types of sialyl residues found in gly- 55 

coproteins produced in mammalian expression systems are 
N-acetyl-neuraminic acid (NeuAc) and N-glycolyl
neuraminic acid (NeuGc). These usually occur as terminal 
structures attached to galactose (Gal) residues at the non
reducing termini of both N- and O-linked glycans. The gly- 60 

cosidic linkage configurations for these sialyl groups can be 
either a2,3 or a2,6. 

"Hybrid glycans" comprise characteristics of both high
mannose and complex glycans. For example, one branch of a 
hybrid glycan may comprise primarily or exclusively man- 65 

nose residues, while another branch may comprise N-acetyl
glucosamine, sialic acid, and/or galactose sugars. 

IgG4, IgAl and IgA2) or subclass. 
The term "Fe fragment", as used herein, refers to one or 

more fragments of an Fe region that retains an Fe function 
and/or activity described herein, such as binding to an Fe 
receptor. Examples of such fragments include fragments that 
include an N-linked glycosylation site of an Fe region ( e.g., an 
Asn297 of an IgG heavy chain or homologous sites of other 
antibody isotypes ), such as a CH2 domain. The term "antigen 
binding fragment" of an antibody, as used herein, refers to one 
or more fragments of an antibody that retain the ability to 
specifically bind to an antigen. Examples of binding frag
ments encompassed within the term "antigen binding frag
ment" of an antibody include a Fab fragment, a F(ab')2 frag-
ment, a Fd fragment, a Fv fragment, a scFv fragment, a dAb 
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fragment (Ward et al., (1989) Nature 341:544-546), and an 
isolated complementarity determining region (CDR). These 
antibody fragments can be obtained using conventional tech
niques known to those with skill in the art, and fragments can 
be screened for utility in the same manner as are intact anti- 5 

bodies. 

can be accomplished by coupling a glycoprotein to detectable 
substances including, but not limited to, various enzymes, 
such as but not limited to horseradish peroxidase, alkaline 
phosphatase, beta-galactosidase, or acetylcholinesterase; 
prosthetic groups, such as, but not limited to, streptavidin/ 
biotin and avidin/biotin; fluorescent materials, such as, but 

Reference glycoproteins described herein (e.g., reference 
antibodies) or fragments thereof can be produced by any 
method known in the art for synthesizing glycoproteins ( e.g., 
antibodies) (see, e.g., Harlow et al., Antibodies: A Laboratory 
Manual, (Cold Spring Harbor Laboratory Press, 2nd ed. 
1988); Brinkman et al., 1995, J. Immunol. Methods 182:41-
50; WO 92/22324; WO 98/46645). Chimeric antibodies can 
be produced using methods described in, e.g., Morrison, 
1985, Science 229:1202, and humanized antibodies by meth
ods described in, e.g., U.S. Pat. No. 6,180,370. 

Additional reference antibodies described herein are bispe
cific antibodies and multivalent antibodies, as described in, 
e.g., Segal et al., J. Immunol. Methods 248:1-6 (2001); and 
Tutt et al., J. Immunol. 147: 60 (1991). 

Glycoprotein Conjugates 
The disclosure includes glycoproteins ( or Fe regions or Fe 

fragments containing one or more N-glycosylation sites 
thereof) that are conjugated or fused to one or more heterolo
gous moieties. Heterologous moieties include, but are not 
limited to, peptides, polypeptides, proteins, fusion proteins, 
nucleic acid molecules, small molecules, mimetic agents, 
synthetic drugs, inorganic molecules, and organic molecules. 
In some instances, a glycoprotein conjugate is a fusion pro
tein that comprises a peptide, polypeptide, protein scaffold, 
scFv, dsFv, diabody, Tandab, or an antibody mimetic fused to 
an Fe region, such as a glycosylated Fe region. A fusion 
protein can include a linker region connecting an Fe region to 
a heterologous moiety (see, e.g., Hallewell et al. (1989), J. 
Biol. Chem. 264, 5260-5268; Alfthan et al. (1995), Protein 
Eng. 8, 725-731; Robinson & Sauer (1996)). 

Exemplary, nonlimiting reference glycoprotein conjugate 
products include abatacept (Orencia®, Bristol-Myers 
Squibb), aflibercept (Eylea®, Regeneron Pharmaceuticals), 
alefacept (Amevive®, Astellas Pharma), belatacept (Nu
lojix®, Bristol-Myers Squibb), denileukin diftitox (Ontak®, 
Eisai), etanercept (Enbrel®, Amgen-Pfizer), and rilonacept 
(Arcalyst®, Regeneron Pharmaceuticals). 

In some instances, a glycoprotein conjugate includes an Fe 
region (or an Fe fragment containing one or more N-glyco
sylations site thereof) conjugated to a heterologous polypep
tide of at least 10, at least 20, at least 30, at least 40, at least 50, 
at least 60, at least 70, at least 80, at least 90 or at least 100 
amino acids. 

In some instances, a glycoprotein conjugate includes an Fe 
region (or an Fe fragment containing one or more N-glyco
sylation sites thereof) conjugated to one or more marker 
sequences, such as a peptide to facilitate purification. A par
ticular marker amino acid sequence is a hexa-histidine pep
tide, such as the tag provided in a pQE vector (QIAGEN, Inc., 
9259 Eton Avenue, Chatsworth, Calif., 91311 ). Other peptide 
tags useful for purification include, but are not limited to, the 
hemagglutinin "HA" tag, which corresponds to an epitope 
derived from the influenza hemagglutinin protein (Wilson et 
al., 1984, Cell 37:767) and the "Flag" tag. 

In other instances, a glycoprotein conjugate includes an Fe 
region (or Fe fragment containing one or more N-glycosyla
tion sites thereof) conjugated to a diagnostic or detectable 
agent. Such fusion proteins can be useful for monitoring or 
prognosing development or progression of disease or disorder 
as part of a clinical testing procedure, such as determining 
efficacy of a particular therapy. Such diagnosis and detection 

not limited to, umbelliferone, fluorescein, fluorescein isothio
cynate, rhodamine, dichlorotriazinylamine fluorescein, dan
syl chloride orphycoerythrin; luminescent materials, such as, 

10 but not limited to, luminol; bioluminescent materials, such as 
but not limited to, luciferase, luciferin, and aequorin; radio
active materials, such as but not limited to iodine (1 311, 1251, 
1231), carbon (14C), sulfur (35S), tritium (3H), indium (1 15ln, 
113ln, 112In, 111In), technetium (99Tc), thallium (2°1Ti), gal-

15 lium (68Ga, 67Ga), palladium (103Pd), molybdenum (99Mo), 
xenon (1 33Xe), fluorine (1 8F), 153Sm, 177Lu, 153Gd, 159Gd, 
149Pm, 140La, 169Yb, 17sYb, 166Ho, 9□Y, 47Sc, 1s6Re, 1ssRe, 
142Pr, 1osRh, 97Ru, 6sGe, s?Co, 6szn, sssr, 32P, s1Cr, s4Mn, 
75 Se, 113Sn, and 11 7Sn; positron emitting metals using various 

20 positron emission tomographies, non-radioactive paramag
netic metal ions, and molecules that are radiolabelled or con
jugated to specific radioisotopes. 

Techniques for conjugating therapeutic moieties to anti
bodies are well known (see, e.g., Amon et al., "Monoclonal 

25 Antibodies For Immunotargeting Of Drugs In Cancer 
Therapy", in Monoclonal Antibodies And Cancer Therapy, 
Reisfeld et al. (eds.), pp. 243-56. (Alan R. Liss, Inc. 1985); 
Hellstrom et al., ''Antibodies For Drug Delivery", in Con
trolled Drug Delivery (2nd Ed.), Robinson et al. (eds.), pp. 

30 623-53 (Marcel Dekker, Inc. 1987)). 
Glycan Evaluation 

In some embodiments, glycans of glycoproteins are ana
lyzed by any available suitable method. In some instances, 
glycan structure and composition as described herein are 

35 analyzed, for example, by one or more, enzymatic, chromato
graphic, mass spectrometry (MS), chromatographic followed 
by MS, electrophoretic methods, electrophoretic methods 
followed by MS, nuclear magnetic resonance (NMR) meth
ods, and combinations thereof. Exemplary enzymatic meth-

40 ads include contacting a glycoprotein preparation with one or 
more enzymes under conditions and for a time sufficient to 
release one or more glycan(s) (e.g., one or more exposed 
glycan(s)). In some instances, the one or more enzymes 
include(s) PNGase F. Exemplary chromatographic methods 

45 include, but are not limited to, Strong Anion Exchange chro
matography using Pulsed Amperometric Detection (SAX
PAD), liquid chromatography (LC), high performance liquid 
chromatography (HPLC), ultra performance liquid chroma
tography (UPLC), thin layer chromatography (TLC), amide 

50 column chromatography, and combinations thereof. Exem
plary mass spectrometry (MS) include, but are not limited to, 
tandem MS, LC-MS, LC-MS/MS, matrix assisted laser des
orption ionisation mass spectrometry (MALDI-MS), Fourier 
transform mass spectrometry (FTMS), ion mobility separa-

55 tion with mass spectrometry (IMS-MS), electron transfer dis
sociation (ETD-MS), and combinations thereof. Exemplary 
electrophoretic methods include, but are not limited to, cap
illary electrophoresis (CE), CE-MS, gel electrophoresis, aga
rose gel electrophoresis, acrylamide gel electrophoresis, 

60 SDS-polyacrylamide gel electrophoresis (SDS-PAGE) fol
lowed by Western blotting using antibodies that recognize 
specific glycan structures, and combinations thereof. Exem
plary nuclear magnetic resonance (NMR) include, but are not 
limited to, one-dimensional NMR (lD-NMR), two-dimen-

65 sional NMR (2D-NMR), correlation spectroscopy magnetic
angle spinning NMR (COSY-NMR), total correlated spec
troscopy NMR (TOCSY-NMR), heteronuclear single-
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quantum coherence NMR (HSQC-NMR), heteronuclear 

multiple quantum coherence (HMQC-NMR), rotational 

nuclear overhauser effect spectroscopy NMR 
NMR), nuclear overhauser effect spectroscopy 

NMR), and combinations thereof. 

(ROESY
(NOESY-

In some instances, techniques described herein may be 
combined with one or more other technologies for the detec
tion, analysis, and or isolation of glycans or glycoproteins. 
For example, in certain instances, glycans are analyzed in 
accordance with the present disclosure using one or more 
available methods (to give but a few examples, see Anumula, 
Anal. Biochem., 350(1):1, 2006; Kleinetal.,Anal. Biochem., 
179:162, 1989; and/or Townsend, R.R. CarbohydrateAnaly
sis" High Performance Liquid Chromatography and Capil
lary Electrophoresis., Ed. z. El Rassi, pp 181-209, 1995; 
WO2008/128216; WO2008/128220; WO2008/128218; 
WO2008/130926; WO2008/128225; WO2008/130924; 
WO2008/128221; WO2008/128228; WO2008/128227; 
WO2008/128230; WO2008/128219; WO2008/128222; 
WO2010/071817; WO2010/071824; WO2010/085251; 
WO2011/069056; and WO2011/127322, each of which is 
incorporated herein by reference in its entirety). For example, 
in some instances, glycans are characterized using one or 
more of chromatographic methods, electrophoretic methods, 
nuclear magnetic resonance methods, and combinations 
thereof. In some embodiments, glycans are analyzed by label
ing with a fluorescent dye and measuring levels of fluores-
cence. 

30 
The literature recited above are hereby incorporated by ref
erence in their entirety or, in the alternative, to the extent that 
they pertain to one or more of the methods for determining a 
parameter described herein. 

5 Pharmaceutical Compositions and Administration 

10 

A glycoprotein described herein can be incorporated ( e.g., 
formulated) into a pharmaceutical composition. Such a phar
maceutical composition is useful as an alternative and/or 
improved composition for the prevention and/or treatment of 
one or more diseases relative to a corresponding reference 
glycoprotein. Pharmaceutical compositions comprising a 
glycoprotein can be formulated by methods known to those 
skilled in the art. The pharmaceutical composition can be 

15 administered parenterally in the form of an injectable formu
lation comprising a sterile solution or suspension in water or 
another pharmaceutically acceptable liquid. For example, the 
pharmaceutical composition can be formulated by suitably 
combining the glycoprotein with pharmaceutically accept-

20 able vehicles or media, such as sterile water and physiological 
saline, vegetable oil, emulsifier, suspension agent, surfactant, 
stabilizer, flavoring excipient, diluent, vehicle, preservative, 
binder, followed by mixing in a unit dose form required for 
generally accepted pharmaceutical practices. The amount of 

25 active ingredient included in the pharmaceutical preparations 
is such that a suitable dose within the designated range is 
provided. 

In some instances, methods for evaluating one or more 30 

A sterile composition for injection can be formulated in 
accordance with conventional pharmaceutical practices using 
distilled water for injection as a vehicle. For example, physi
ological saline or an isotonic solution containing glucose and target protein specific parameters, e.g., in a glycoprotein 

preparation, e.g., one or more of the parameters disclosed 

herein, can be performed by one or more of the methods listed 

in Table 1. 

other supplements such as D-sorbitol, D-mannose, D-manni
tol, and sodium chloride may be used as an aqueous solution 
for injection, optionally in combination with a suitable solu
bilizing agent, for example, alcohol such as ethanol and poly-

Method(s) 

Cl8 UPLC Mass Spec.* 

Bioanalyzer 
(reducing/non
reducing)* 

LC-MS (reducing/non
reducing/ alky lated)• 
*Methods include 
removal (e.g., 
enzymatic, chemical, 
and physical) of 
glycans 

Anion-exchange 
chromatography 
l ,2-diamino-4,5-
methylenedioxybenzene 
(DMB) labeling method 

TABLE 1 

Exemplary met.hods of evaluating parameters: 

Relevant literature 

Chen and Flynn, Anal. Biochem., 
370: 147-161 (2007) 
Chen and Flynn, J. Am. Soc. Mass 
Spectrom., 20: 1821-1833 (2009) 

Forrer et al., Anal. Biochem., 
334: 81-88 (2004) 

Dick et al., Biotechnol. Bioeng., 
100: 1132-1143 (2008) 
Goetze et al., Glycobiol., 21: 949-959 
(2011) 
Xie et al., mAbs, 2: 379-394 (2010) 

Ahn et al., J. Chrom. B, 878: 403-408 
(2010) 
Hokke et al., FEBS Lett., 275: 9-14 
(1990) 

Parameter 

Glycan(s) 
(e.g., N-linked glycan, exposed 
N-linked glycan, glycan 
detection, glycan identification, 
and characterization; site 
specific glycation; glycoform 
detection (e.g., parameters 1-7); 
percent glycosylation; and/or 
aglycosyl) 
Glycan (e.g., N-linked glycan, 
exposed N-linked glycan) 
(including, for example, glycan 
detection, identification, and 
characterization; site specific 
glycation; glycoform detection; 
percent glycosylation; and/or 
aglycosyl) 
Glycan (e.g., N-linked glycan, 
exposed N-linked glycan) 
(including, for example, glycan 
detection, identification, and 
characterization; site specific 
glycation; glycoform detection; 
percent glycosylation; and/or 
aglycosyl) 
Sialylated glycan 

Sialic acid 
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alcohol such as propylene glycol or polyethylene glycol, and 
a nonionic surfactant such as polysorbate 80™, HCO-50 and 
the like. 

32 
polypeptide preparations can be analyzed by any available 
method. In some embodiments, immunogenicity of a 
polypeptide preparation is assessed, e.g., by determining 
whether the preparation elicits an antibody response in a Nonlimiting examples of oily liquid include sesame oil and 

soybean oil, and it may be combined with benzyl benzoate or 
benzyl alcohol as a solubilizing agent. Other items that may 
be included are a buffer such as a phosphate buffer, or sodium 
acetate buffer, a soothing agent such as procaine hydrochlo
ride, a stabilizer such as benzyl alcohol or phenol, and an 
antioxidant. A formulated injection can be packaged in a 
suitable ampule. 

5 subject. 
Route of administration can be parenteral, for example, 

administration by injection, transnasal administration, 
transpulmonary administration, or transcutaneous adminis
tration. Administration can be systemic or local by intrave-

10 nous injection, intramuscular injection, intraperitoneal injec
tion, subcutaneous injection. 

In some instances, a level of one or more glycans described 
herein can be compared to a predetermined level (e.g., a 
corresponding level in a reference standard), e.g., to make a 
decision regarding the composition of the polypeptide prepa- 15 

ration, e.g., a decision to classify, select, accept or discard, 
release or withhold, process into a drug product, ship, move to 
a different location, formulate, label, package, release into 
commerce, or sell or offer for sale the polypeptide, e.g., a 
recombinant antibody. In other instances, the decision can be 20 

to accept, modify or reject a production parameter or param
eters used to make the polypeptide, e.g., an antibody. Particu
lar, nonlimiting examples of reference standards include a 
control level (e.g., a polypeptide produced by a different 
method) or a range or value in a product specification ( e.g., an 25 

FDA label or Physician's Insert) or quality criterion for a 
pharmaceutical preparation containing the polypeptide 
preparation. 

In some instances, methods (i.e., evaluation, identification, 
and production methods) include taking action ( e.g., physical 30 

action) in response to the methods disclosed herein. For 
example, a polypeptide preparation is classified, selected, 
accepted or discarded, released or withheld, processed into a 
drug product, shipped, moved to a different location, formu
lated, labeled, packaged, released into commerce, or sold or 35 

offered for sale, depending on whether the preselected or 
target value is met. In some instances, processing may include 
formulating (e.g., combining with pharmaceutical excipi
ents), packaging (e.g., in a syringe or vial), labeling, or ship
ping at least a portion of the polypeptide preparation. In some 40 

instances, processing includes formulating (e.g., combining 
with pharmaceutical excipients ), packaging ( e.g., in a syringe 
or vial), and labeling at least a portion of the preparation as a 
drug product described herein. Processing can include direct
ing and/or contracting another party to process as described 45 

herein. 
In some instances, a biological activity of a polypeptide 

preparation (e.g., an antibody preparation) is assessed. Bio
logical activity of the preparation can be analyzed by any 
known method. In some embodiments, a binding activity of a 50 

polypeptide is assessed (e.g., binding to a receptor). In some 
embodiments, a therapeutic activity of a polypeptide is 
assessed (e.g., an activity of a polypeptide in decreasing 
severity or symptom of a disease or condition, or in delaying 
appearance of a symptom of a disease or condition). In some 55 

embodiments, a pharmacologic activity of a polypeptide is 
assessed ( e.g., bioavailability, pharmacokinetics, pharmaco
dynamics ). For methods of analyzing bioavailability, phar
macokinetics, and pharmacodynamics of glycoprotein thera
peutics, see, e.g., Weiner et al., J. Pharm. Biomed. Anal. 60 

15(5):571-9, 1997; Srinivas et al., J. Pharm. Sci. 85(1):1-4, 
1996; and Srinivas et al., Phann. Res. 14(7):911-6, 1997. 

The particular biological activity or therapeutic activity 
that can be tested will vary depending on the particular 
polypeptide (e.g., antibody). The potential adverse activity or 65 

toxicity ( e.g., propensity to cause hypertension, allergic reac
tions, thrombotic events, seizures, or other adverse events) of 

A suitable means of administration can be selected based 
on the age and condition of the patient. A single dose of the 
pharmaceutical composition containing a modified glycopro
tein can be selected from a range of 0.001 to 1000 mg/kg of 
body weight. On the other hand, a dose can be selected in the 
range of 0.001 to 100000 mg/body weight, but the present 
disclosure is not limited to such ranges. The dose and method 
of administration varies depending on the weight, age, con
dition, and the like of the patient, and can be suitably selected 
as needed by those skilled in the art. 

All publications, patent applications, patents, and other 
references mentioned herein are incorporated by reference in 
their entirety. In addition, the materials, methods, and 
examples are illustrative only and not intended to be limiting. 
Unless otherwise defined, all technical and scientific terms 
used herein have the same meaning as commonly understood 
by one of ordinary skill in the art to which this invention 
belongs. Although methods and materials similar or equiva
lent to those described herein can be used in the practice or 
testing of the present invention, suitable methods and mate-
rials are described herein. 

The disclosure is further illustrated by the following 
example. The example is provided for illustrative purposes 
only. It is not to be construed as limiting the scope or content 
of the disclosure in any way. 

EXAMPLE 

Effect of Putrescine on Glycosylation 

Methods 
The effect of putrescine on antibody glycoforms of a model 

antibody produced by CHO cells was analyzed. CHO cells 
genetically engineered to express the antibody were grown 
initially in base media (Power CHO2, Catalog #BE15-771, 
Lonza Inc., Allendale, N.J.). Cells were then inoculated (at 
0.55xl06 cells/mL) into a chemically defined medium con
taining 0.17 mg/L, 0.35 mg/L, or 0.52 g/L putrescine 2HCI 
and cultured as a batch culture in TPP tubespins for 7 days. 

Cell viability was assessed on day 4 using a hemocytom
eterusing cells stained with trypan blue. Titer was determined 
from the day-7 cultures by protein A affinity HPLC. Relative 
quantitation of each glycoform was performed on purified 
protein using Chip ToF. Chip ToF uses mass spectrometry to 
measure the extracted ion chromatogram (XIC) area for each 
species after chip-based enzymatic removal and purification 
of N-glycans, relative to the total XIC for detected species 
(see, e.g., mAb-Glyco Chip Kit, Agilent Technologies). 
Results 

Cell growth and titer exhibited a dose response over 0.17 
mg/L, 0.35 mg/L, and 0.52 mg/L putrescine. Product titers of 
40 mg/L, 58 mg/L, and 73 mg/L were measured from cells 
cultured in medium having 0.17 mg/L, 0.35 mg/L, and 0.52 
mg/L putrescine, respectively. At day 4, cells cultured in 0.17 
mg/L putrescine had a viable cell density (VCD) of l .5xl 06 

cells/mL; cells cultured in 0.35 mg/L putrescine had a VCD of 
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1.8xl06 cells/mL; and cells cultured in 0.52 mg/L putrescine 
had a VCD of 2.2xl06 cells/mL. 

As shown in FIG. 2, the fraction of fucosylated glycans 
increased with increasing levels ofputrescine. The relation
ship was non-linear, suggesting saturation for this effect 5 

above 0.35 mg/mL. Putrescine also altered the distribution of 
the major fucosylated species, leading to reduced levels of 
GOF, and increased levels ofGlF and G2F (see FIG. 3). 

34 
4. The method of claim 1, wherein the target value is a level 

of one or more of galactosylated glycans, high mannose gly
cans, and sialylated glycans in a reference therapeutic pro
tein. 

5. The method of claim 1, wherein the target value is a level 
of one or more of galactosylated glycans, high mannose gly
cans, and sialylated glycans in a reference therapeutic anti
body. 

6. The method of claim 4, wherein the reference therapeu-
tic protein is selected from the group consisting of: abatacept, 
abciximab, adalimumab, aflibercept, alefacept, alemtu
zumab, basiliximab, bevacizumab, belatacept, certolizumab, 
cetuximab, daclizumab, eculizumab, efalizumab, entaner-

Increasing putrescine also resulted in an increase in the 
level of galactosylation. As shown in FIG. 3, the relative 10 

change inGOF, GlF, andG2F was about 10% when compar
ing 0.52 mg/L putrescine to 0.17 mg/L putrescine. The 
summed increase in GlF and G2F was greater than the 
decrease in GOF, resulting in an overall increase in the fuco
sylated pool (sum of the three major species). 15 cept, gemtuzumab, ibritumomab, infliximab, muromonab

CD3, natalizumab, omalizumab, palivizumab; panitu
mumab, ranibizumab, rilonacept, rituximab, tositumomab, 
and trastuzumab. 

The effects that putrescine had on high mannose glycans 
and sialylated glycans are depicted in FIG. 4. The high man
nose glycans were reduced with increasing levels of 
putrescine, while level of sialylated glycans was increased. 

The finding that high mannose glycans were decreased, 20 

while levels of sialylated glycans, fucosylated glycans, and 
galactosylated glycans were increased, suggest that 
putrescine may help promote the maturation of glycans. 

7. The method of claim 1, further comprising evaluating a 
level of one or more of galactosylated glycans, high mannose 
glycans, and sialylated glycans in the recombinant protein 
preparation. 

8. The method of claim 1, wherein the target value is one or 
more of: 

(a) 1 % to 95% galactosylated glycans; 
(b) 0.1 % to 20% high mannose glycans; and 
(c) 0.1 % to 90% sialylated glycans. 

This Example demonstrates that culturing cells in 
putrescine can be used to produce polypeptides expressed by 25 

the cells having particular levels of glycans, such as fucosy
lated glycans, galactosylated glycans, high mannose glycans, 
and sialylated glycans. 9. The method of claim 1, wherein the culture medium 

further comprises one or more oflysine, ammonium, DMSO, 
30 copper, glucose, a growth factor, a vitamin, a lipid, and a 

peptone. 

EQUIVALENTS 

It is to be understood that while the disclosure has been 
described in conjunction with the detailed description 
thereof, the foregoing description is intended to illustrate and 
not limit the scope of the invention, which is defined by the 35 

scope of the appended claims. Other aspects, advantages, and 
modifications are within the scope of the following claims. 

The invention claimed is: 
1. A method of producing a recombinant protein prepara- 40 

tion having a target value of one or more of galactosylated 
glycans, high mannose glycans, and sialylated glycans, the 
method comprising: 

(a) providing a cell genetically engineered to express a 
recombinant protein; 

(b) culturing the cell in a culture medium comprising 0.1 
mg/L to 10 mg/L putrescine under conditions in which 
the cell expresses the recombinant protein; and 

45 

(c) harvesting a preparation of the recombinant protein 
produced by the cell that meets the target value of the one 50 

or more of galactosylated glycans, high mannose gly
cans, and sialylated glycans, 
wherein the target value of galactosylated glycans, or 

sialy lated glycans is a level at least 10% higher than a 
level of galactosylated glycans, or sialylated glycans 55 

in a preparation produced by culturing the cell in the 
medium not comprising 0.1 mg/L to 10 mg/L 
putrescine; or 

wherein the target value of high mannose glycans is a 
level at least 10% lower than a level of high mannose 60 

glycans in a preparation produced by culturing the 
cell in the medium not comprising 0.1 mg/L to 10 
mg/L putrescine. 

10. A method of producing a recombinant protein prepa
ration, the method comprising: 

(a) providing a target value of one or more of galactosy
lated glycans, high mannose glycans, and sialy lated gly-
cans; 

(b) providing a cell genetically engineered to express a 
recombinant protein; 

(c) culturing the cell in a culture medium comprising 0.1 
mg/L to 10 mg/L putrescine under conditions in which 
the cell expresses the recombinant protein; 

(d) harvesting a preparation of the recombinant protein 
produced by the cell; and 

(e) formulating the preparation into a drug product if the 
preparation meets the target value of the one or more of 
galactosylated glycans, high mannose glycans, and sia
lylated glycans; 
wherein the target value of galactosylated glycans, or 

sialylated glycans is a level at least 10% higher than a 
level of galactosylated glycans or sialylated glycans 
in a preparation produced by culturing the cell in the 
medium not comprising 0.1 mg/L to 10 mg/L 
putrescine; or 

wherein the target value of high mannose glycans is a 
level at least 10% lower than a level of high mannose 
glycans in a preparation produced by culturing the 
cell in the medium not comprising 0.1 mg/L to 10 
mg/L putrescine. 

11. The method of claim 10, further comprising evaluating 
a level of one or more of galactosylated glycans, high man
nose glycans, and sialylated glycans in the recombinant pro
tein preparation. 

2. The method of claim 1, wherein the recombinant protein 
is a recombinant therapeutic protein. 

3. The method of claim 1, wherein the recombinant protein 
is a recombinant therapeutic antibody. 

12. The method of claim 10, wherein the culture medium 
65 further comprises one or more oflysine, ammonium, DMSO, 

copper, glucose, a growth factor, a vitamin, a lipid, and a 
peptone. 
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13. A method of increasing a level of one or more of 
galactosylated glycans, and sialylated glycans in a recombi
nant protein preparation, the method comprising: 

(a) providing a cell genetically engineered to express a 
recombinant protein; 

(b) culturing the cell in a culture medium comprising 0.1 
mg/L to 10 mg/L putrescine under conditions in which 
the cell expresses the recombinant protein; and 

(c) harvesting a preparation of the recombinant protein 
produced by the cell, wherein the preparation has a level 
of one or more of galactosylated glycans, and sialylated 
glycans that is at least 10% higher than a level of one or 
more of galactosylated glycans and sialylated glycans in 
a preparation of the recombinant protein produced by 
culturing the cell in the medium not comprising 0.1 
mg/L to 10 mg/L putrescine. 

14. The method of claim 13, further comprising evaluating 
a level of one or more of galactosylated glycans, and sialy
lated glycans. 

15. The method of claim 13, wherein the culture medium 
further comprises one or more oflysine, ammonium, DMSO, 
copper, glucose, a growth factor, a vitamin, a lipid, and a 
peptone. 

16. A method of decreasing a level of one or more high 
mannose glycans in a recombinant protein preparation, the 
method comprising: 

(a) providing a cell genetically engineered to express a 
recombinant protein; 

(b) culturing the cell in a culture medium comprising 0.1 
mg/L to 10 mg/L putrescine under conditions in which 
the cell expresses the recombinant protein; and 

(c) harvesting a preparation of the recombinant protein 
produced by the cell, wherein the preparation has a level 
of high mannose glycans that is at least 10% lower than 
a level of high mannose glycans in a preparation of the 
recombinant protein produced by culturing the cell in 
the medium not comprising 0.1 mg/L to 10 mg/L 
putrescine. 

17. The method of claim 16, further comprising evaluating 
a level of the one or more high mannose glycans. 

18. The method of claim 16, wherein the culture medium 
further comprises one or more oflysine, ammonium, DMSO, 
copper, glucose, a growth factor, a vitamin, a lipid, and a 
peptone. 

36 
19. The method of any one of claim 1, 10, 13, or 16, 

wherein the culturing step comprises a first stage and a second 
stage, wherein the first stage comprises culturing the cell in 
the culture medium comprising a first level of putrescine, and 

5 the second stage comprises culturing the cell in the culture 
medium comprising a second level of putrescine which is 
increased relative to the first level. 

20. The method of claim 19, wherein the second level is 0.1 
mg/L to 10 mg/L putrescine. 

10 21. The method of claim 19, wherein the first stage com-
prises culturing the cell in the first level of putrescine for 1 to 
8 days. 

22. The method of claim 21, wherein the second stage 

15 comprises culturing the cell in the second level of putrescine 
for 1 to 12 days. 

23. The method of any one of claim 1, 10, 13, or 16, 
wherein the cell is a Chinese Hamster Ovary (CHO) cell. 

24. The method of claim 7 or 11, further comprising 
20 recording the evaluated level of one or more of galactosylated 

glycans, high mannose glycans, and sialylated glycans in a 
batch record for the preparation. 

25. The method of claim 14, further comprising recording 
the evaluated level of one or more of galactosylated glycans, 

25 and sialylated glycans in a batch record for the preparation. 
26. The method of claim 17, further comprising recording 

the evaluated level of one or more high mannose glycans in a 
batch record for the preparation. 

27. The method of any one of claims 1, 10, 13, and 16, 
30 wherein the recombinant protein is selected from the group 

consisting of: abatacept, abciximab, adalimumab, afliber
cept, alefacept, alemtuzumab, basiliximab, bevacizumab, 
belatacept, certolizumab, cetuximab, daclizumab, eculi-

35 zumab, efalizumab, entanercept, gemtuzumab, ibritumomab, 
infliximab, muromonab-CD3, natalizumab, omalizumab, 
palivizumab, panitumumab, ranibizumab, rilonacept, ritux
imab, tositumomab, and trastuzumab. 

28. The method of any one of claims 1, 10, 13, and 16, 
40 wherein the culturing step comprises adding putrescine to the 

culture medium. 

* * * * * 
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METHODS OF CELL CULTURE

FIELD OF THE INVENTION

The invention relates generally to cell culture methods.

BACKGROUND

Therapeutic polypeptides are an important class of thera
peutic biotechnology products, and therapeutic antibodies 
(including murine, chimeric, humanized and human anti
bodies and fragments thereof) account for the majority of 
therapeutic biologic products.

SUMMARY

In one aspect, the invention features a method of produc
ing a recombinant protein preparation having a target value 
of one or more mature glycans, the method comprising: (a) 
providing a cell genetically engineered to express a recom
binant protein; (b) culturing the cell in a culture medium 
comprising (e.g., supplemented with) putrescine under con
ditions in which the cell expresses the recombinant protein; 
(c) harvesting (e.g., purifying or isolating from the cell 
and/or culture medium) a preparation of the recombinant 
protein produced by the cell; and (d) measuring a level of 
one or more mature glycans, wherein the preparation has the 
target value of the one or more mature glycans. In some 
embodiments, the culture medium comprises putrescine for 
a time and in an amount effective to modify (e.g., increase 
or decrease) one or more mature glycans of the recombinant 
protein.

In some embodiments, the culture medium comprises 
about 0.01 mg/L, 0.05 mg/L, 0.1 mg/L, 0.2 mg/L, 0.3 mg/L, 
0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 
mg/L, 1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 mg/L, 3 mg/L, 3.5
mg/L, 4 mg/L, 4.5 mg/L, 5 mg/L, 5.5 mg/L, 6 mg/L, 6.5
mg/L, 7 mg/L, 7.5 mg/L, 8 mg/L, 8.5 mg/L, 9 mg/L, 9.5
mg/L, 10 mg/L, 15 mg/L, 20 mg/L, 25 mg/L, 30 mg/L, 35
mg/L, 40 mg/L, or more, putrescine. In some embodiments, 
the culture medium comprises about 0.1 mg/L to about 10 
mg/L, about 0.1 mg/L to about 1 mg/L, about 1 mg/L to 
about 2 mg/L, about 2 mg/L to about 3 mg/L, about 3 mg/L 
to about 4 mg/L, about 4 mg/L to about 5 mg/L, about 5 
mg/L to about 6 mg/L, about 6 mg/L to about 7 mg/L, about 
7 mg/L to about 8 mg/L, about 8 mg/L to about 9 mg/L, 
about 9 mg/L to about 10 mg/L, about 1 mg/L to about 5 
mg/L, about 5 mg/L to about 10 mg/L, about 0.1 mg/L to 
about 0.5 mg/L, or about 0.5 mg/L to about 1 mg/L 
putrescine.

In some embodiments, the target value is a level of one or 
more mature glycans in a reference therapeutic product. In 
some embodiments, the target value is a level of one or more 
mature glycans in a reference therapeutic antibody product. 
In some embodiments, the target value is a predetermined 
pharmaceutical product specification or a quality control 
criterion for a pharmaceutical preparation, e.g., a Certificate 
of Analysis (CofA), a Certificate of Testing (CofT), or a 
Master Batch Record. In some embodiments, the product 
specification is a product description in an FDA label, a 
Physician’s Insert, a USP monograph, or an EP monograph.

In some embodiments, the reference therapeutic product 
is selected from the group consisting of: abatacept, abcix- 
imab, adalimumab, aflibercept, alefacept, alemtuzumab, 
basiliximab, bevacizumab, belatacept, certolizumab, cetux
imab, daclizumab, eculizumab, efalizumab, entanercept, 
gemtuzumab, ibritumomab, infliximab, muromonab-CD3,
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2 
natalizumab, omalizumab, palivizumab; panitumumab, 
ranibizumab, rilonacept, rituximab, tositumomab, and tras
tuzumab.

In some embodiments, the target value is one or more of: 
(a) more than about 30% mature glycans, e.g., more than 
about 40%, 50%, 60%, 70%, 80%, 90%, 95%, or more, 
mature glycans; and (b) less than about 90% high mannose, 
hybrid glycans, or combination of high mannose and hybrid 
glycans, e.g., less than about 80%, 70%, 60%, 50%, 40%, 
30%, 20%, 10%, or less, high mannose glycans, hybrid 
glycans, or combination of high mannose and hybrid gly
cans. In some embodiments, the mature glycan is one or 
more of galactosylated glycans and sialylated glycans. In 
some embodiments, the taiget value is one or more of: (a) 
about 1% to about 95% galactosylated glycans, e.g., at least 
about 2%, 3%, 4%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 
70%, 80%, 90%, or 95% galactosylated glycans; and (b) 
about 0.1% to about 90% sialylated glycans, e.g., at least 
about 0.2%, 0.5%, 1%, 2%, 3%, 4%, 5%, 10%, 20%, 30%, 
40%, 50%, 60%, 70%, 80%, or 90% sialylated glycans. 
High mannose glycans can be, e.g., HM3, HM4, HM5, 
HM6, HM7, HM8, HM9, or combinations thereof

In some embodiments, the target value of the one or more 
mature glycans is higher than a corresponding level in a 
preparation produced by culturing the cell in the medium not 
comprising putrescine. In some embodiments, the taiget 
value is higher than the corresponding level by at least about 
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 
150%, 200%, 250%, 300%, 350%, 400%, 450%, 500%, or 
more, of the corresponding level.

In some embodiments, the method further comprises 
evaluating the level of one or more mature glycans in the 
recombinant protein preparation. In some embodiments, the 
method further comprises recording the level in a print or 
computer-readable medium, e.g., in a test report, Material 
Safety Data Sheet (MSDS), batch record, Certificate of 
Testing (CofT) or Certificate of Analysis (CofA).

In another aspect, the invention features a method of 
increasing a level of one or more mature glycans in a 
recombinant protein preparation, the method comprising: (a) 
providing a cell genetically engineered to express a recom
binant protein; (b) culturing the cell in a culture medium 
comprising putrescine (e.g., an elevated level of putrescine, 
e.g., supplemented with putrescine) under conditions in 
which the cell expresses the recombinant protein; (c) har
vesting a preparation of the recombinant protein produced 
by the cell; and (d) measuring a level of one or more mature 
glycans. In some embodiments, the culture medium com
prises putrescine (e.g., the elevated level of putrescine) for 
a time and in an amount effective to increase one or more 
mature glycans of the recombinant protein. In some embodi
ments, the method further comprises processing, (e.g., one 
or more of formulating, filling into a container, labeling, 
packaging) the preparation into a drug product if the prepa
ration meets a target value of one or more mature glycans.

In some embodiments, the culture medium comprises 
about 0.01 mg/L, 0.05 mg/L, 0.1 mg/L, 0.2 mg/L, 0.3 mg/L, 
0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 
mg/L, 1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 mg/L, 3 mg/L, 3.5
mg/L, 4 mg/L, 4.5 mg/L, 5 mg/L, 5.5 mg/L, 6 mg/L, 6.5
mg/L, 7 mg/L, 7.5 mg/L, 8 mg/L, 8.5 mg/L, 9 mg/L, 9.5
mg/L, 10 mg/L, 15 mg/L, 20 mg/L, 25 mg/L, 30 mg/L, 35
mg/L, 40 mg/L, or more putrescine. In some embodiments, 
the culture medium comprises about 0.1 mg/L to about 10 
mg/L, about 0.1 mg/L to about 1 mg/L, about 1 mg/L to 
about 2 mg/L, about 2 mg/L to about 3 mg/L, about 3 mg/L 
to about 4 mg/L, about 4 mg/L to about 5 mg/L, about 5 
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METHODS OF CELL CULTURE 

FIELD OF THE INVENTION 

The invention relates generally to cell culture methods. 

BACKGROUND 

Therapeutic polypeptides are an important class of thera
peutic biotechnology products, and therapeutic antibodies 
(including murine, chimeric, humanized and human anti
bodies and fragments thereof) account for the majority of 
therapeutic biologic products. 

SUMMARY 

In one aspect, the invention features a method of produc
ing a recombinant protein preparation having a target value 
of one or more mature glycans, the method comprising: (a) 
providing a cell genetically engineered to express a recom
binant protein; (b) culturing the cell in a culture medium 
comprising (e.g., supplemented with) putrescine under con
ditions in which the cell expresses the recombinant protein; 
( c) harvesting ( e.g., purifying or isolating from the cell 
and/or culture medium) a preparation of the recombinant 
protein produced by the cell; and ( d) measuring a level of 
one or more mature glycans, wherein the preparation has the 
target value of the one or more mature glycans. In some 
embodiments, the culture medium comprises putrescine for 
a time and in an amount effective to modify ( e.g., increase 
or decrease) one or more mature glycans of the recombinant 
protein. 

In some embodiments, the culture medium comprises 
about 0.01 mg/L, 0.05 mg/L, 0.1 mg/L, 0.2 mg/L, 0.3 mg/L, 
0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 
mg/L, 1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 mg/L, 3 mg/L, 3.5 
mg/L, 4 mg/L, 4.5 mg/L, 5 mg/L, 5.5 mg/L, 6 mg/L, 6.5 
mg/L, 7 mg/L, 7.5 mg/L, 8 mg/L, 8.5 mg/L, 9 mg/L, 9.5 
mg/L, 10 mg/L, 15 mg/L, 20 mg/L, 25 mg/L, 30 mg/L, 35 
mg/L, 40 mg/L, or more, putrescine. In some embodiments, 
the culture medium comprises about 0.1 mg/L to about 10 
mg/L, about 0.1 mg/L to about 1 mg/L, about 1 mg/L to 
about 2 mg/L, about 2 mg/L to about 3 mg/L, about 3 mg/L 
to about 4 mg/L, about 4 mg/L to about 5 mg/L, about 5 
mg/L to about 6 mg/L, about 6 mg/L to about 7 mg/L, about 
7 mg/L to about 8 mg/L, about 8 mg/L to about 9 mg/L, 
about 9 mg/L to about 10 mg/L, about 1 mg/L to about 5 
mg/L, about 5 mg/L to about 10 mg/L, about 0.1 mg/L to 
about 0.5 mg/L, or about 0.5 mg/L to about 1 mg/L 
putrescine. 

In some embodiments, the target value is a level of one or 
more mature glycans in a reference therapeutic product. In 
some embodiments, the target value is a level of one or more 
mature glycans in a reference therapeutic antibody product. 
In some embodiments, the target value is a predetermined 
pharmaceutical product specification or a quality control 
criterion for a pharmaceutical preparation, e.g., a Certificate 
of Analysis (CofA), a Certificate of Testing (CoIT), or a 
Master Batch Record. In some embodiments, the product 
specification is a product description in an FDA label, a 
Physician's Insert, a USP monograph, or an EP monograph. 

In some embodiments, the reference therapeutic product 
is selected from the group consisting of: abatacept, abcix
imab, adalimumab, aflibercept, alefacept, alemtuzumab, 
basiliximab, bevacizumab, belatacept, certolizumab, cetux
imab, daclizumab, eculizumab, efalizumab, entanercept, 
gemtuzumab, ibritumomab, infliximab, muromonab-CD3, 

2 
natalizumab, omalizumab, palivizumab; panitumumab, 
ranibizumab, rilonacept, rituximab, tositumomab, and tras
tuzumab. 

In some embodiments, the target value is one or more of: 
5 (a) more than about 30% mature glycans, e.g., more than 

about 40%, 50%, 60%, 70%, 80%, 90%, 95%, or more, 
mature glycans; and (b) less than about 90% high mannose, 
hybrid glycans, or combination of high mannose and hybrid 
glycans, e.g., less than about 80%, 70%, 60%, 50%, 40%, 

10 30%, 20%, 10%, or less, high mannose glycans, hybrid 
glycans, or combination of high mannose and hybrid gly
cans. In some embodiments, the mature glycan is one or 
more of galactosylated glycans and sialylated glycans. In 
some embodiments, the target value is one or more of: (a) 

15 about 1 % to about 95% galactosylated glycans, e.g., at least 
about 2%, 3%, 4%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 
70%, 80%, 90%, or 95% galactosylated glycans; and (b) 
about 0.1 % to about 90% sialylated glycans, e.g., at least 
about 0.2%, 0.5%, 1%, 2%, 3%, 4%, 5%, 10%, 20%, 30%, 

20 40%, 50%, 60%, 70%, 80%, or 90% sialylated glycans. 
High mannose glycans can be, e.g., HM3, HM4, HMS, 
HM6, HM7, HMS, HM9, or combinations thereof 

In some embodiments, the target value of the one or more 
mature glycans is higher than a corresponding level in a 

25 preparation produced by culturing the cell in the medium not 
comprising putrescine. In some embodiments, the target 
value is higher than the corresponding level by at least about 
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 
150%, 200%, 250%, 300%, 350%, 400%, 450%, 500%, or 

30 more, of the corresponding level. 
In some embodiments, the method further comprises 

evaluating the level of one or more mature glycans in the 
recombinant protein preparation. In some embodiments, the 
method further comprises recording the level in a print or 

35 computer-readable medium, e.g., in a test report, Material 
Safety Data Sheet (MSDS), batch record, Certificate of 
Testing (CoIT) or Certificate of Analysis (CofA). 

In another aspect, the invention features a method of 
increasing a level of one or more mature glycans in a 

40 recombinant protein preparation, the method comprising: (a) 
providing a cell genetically engineered to express a recom
binant protein; (b) culturing the cell in a culture medium 
comprising putrescine ( e.g., an elevated level of putrescine, 
e.g., supplemented with putrescine) under conditions in 

45 which the cell expresses the recombinant protein; ( c) har
vesting a preparation of the recombinant protein produced 
by the cell; and ( d) measuring a level of one or more mature 
glycans. In some embodiments, the culture medium com
prises putrescine ( e.g., the elevated level of putrescine) for 

50 a time and in an amount effective to increase one or more 
mature glycans of the recombinant protein. In some embodi
ments, the method further comprises processing, ( e.g., one 
or more of formulating, filling into a container, labeling, 
packaging) the preparation into a drug product if the prepa-

55 ration meets a target value of one or more mature glycans. 
In some embodiments, the culture medium comprises 

about 0.01 mg/L, 0.05 mg/L, 0.1 mg/L, 0.2 mg/L, 0.3 mg/L, 
0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 
mg/L, 1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 mg/L, 3 mg/L, 3.5 

60 mg/L, 4 mg/L, 4.5 mg/L, 5 mg/L, 5.5 mg/L, 6 mg/L, 6.5 
mg/L, 7 mg/L, 7.5 mg/L, 8 mg/L, 8.5 mg/L, 9 mg/L, 9.5 
mg/L, 10 mg/L, 15 mg/L, 20 mg/L, 25 mg/L, 30 mg/L, 35 
mg/L, 40 mg/L, or more putrescine. In some embodiments, 
the culture medium comprises about 0.1 mg/L to about 10 

65 mg/L, about 0.1 mg/L to about 1 mg/L, about 1 mg/L to 
about 2 mg/L, about 2 mg/L to about 3 mg/L, about 3 mg/L 
to about 4 mg/L, about 4 mg/L to about 5 mg/L, about 5 
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mg/L to about 6 mg/L, about 6 mg/L to about 7 mg/L, about 
7 mg/L to about 8 mg/L, about 8 mg/L to about 9 mg/L, 
about 9 mg/L to about 10 mg/L, about 1 mg/L to about 5 
mg/L, about 5 mg/L to about 10 mg/L, about 0.1 mg/L to 
about 0.5 mg/L, or about 0.5 mg/L to about 1 mg/L 
putrescine.

In some embodiments, the method further comprises 
measuring a level of one or more mature glycans in the 
recombinant protein preparation. In some embodiments, the 
method further comprises recording the level in a print or 
computer-readable medium, e.g., in a test report, Material 
Safety Data Sheet (MSDS), batch record, Certificate of 
Testing (Coff) or Certificate of Analysis (CofA).

In some embodiments, the target value is one or more of: 
(a) more than about 30% mature glycans, e.g., more than 
about 40%, 50%, 60%, 70%, 80%, 90%, 95%, or more, 
mature glycans; and (b) less than about 90% high mannose, 
hybrid glycans, or combination of high mannose and hybrid 
glycans, e.g., less than about 80%, 70%, 60%, 50%, 40%, 
30%, 20%, 10%, or less, high mannose glycans, hybrid 
glycans, or combination of high mannose and hybrid gly
cans. In some embodiments, the mature glycan is one or 
more of galactosylated glycans and sialylated glycans. In 
some embodiments, the target value is one or more of: (a) 
about 1% to about 95% galactosylated glycans, e.g., at least 
about 2%, 3%, 4%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 
70%, 80%, 90%, or 95% galactosylated glycans; and (b) 
about 0.1% to about 90% sialylated glycans, e.g., at least 
about 0.2%, 0.5%, 1%, 2%, 3%, 4%, 5%, 10%, 20%, 30%, 
40%, 50%, 60%, 70%, 80%, or 90% sialylated glycans. 
High mannose glycans can be, e.g., HM3, HM4, HM5, 
HM6, HM7, HM8, HM9, or combinations thereof

In another aspect, the invention features a method of 
producing a recombinant protein preparation having a target 
value of one or more of fucosylated glycans, galactosylated 
glycans, high mannose glycans, and sialylated glycans, the 
method comprising: (a) providing a cell genetically engi
neered to express a recombinant protein; (b) culturing the 
cell in a culture medium comprising (e.g., supplemented 
with) putrescine under conditions in which the cell expresses 
the recombinant protein; and (c) harvesting (e.g., purifying 
or isolating from the cell and/or culture medium) a prepa
ration of the recombinant protein produced by the cell, 
wherein the preparation has the taiget value of the one or 
more of fucosylated glycans, galactosylated glycans, high 
mannose glycans, and sialylated glycans. In some embodi
ments, the culture medium comprises putrescine for a time 
and in an amount effective to modify (e.g., increase or 
decrease) one or more of the fucosylated glycans, galacto
sylated glycans, high mannose glycans, and sialylated gly
cans of the recombinant protein.

In some embodiments, the culture medium comprises 
about 0.01 mg/L, 0.05 mg/L, 0.1 mg/L, 0.2 mg/L, 0.3 mg/L, 
0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 
mg/L, 1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 mg/L, 3 mg/L, 3.5
mg/L, 4 mg/L, 4.5 mg/L, 5 mg/L, 5.5 mg/L, 6 mg/L, 6.5
mg/L, 7 mg/L, 7.5 mg/L, 8 mg/L, 8.5 mg/L, 9 mg/L, 9.5
mg/L, 10 mg/L, 15 mg/L, 20 mg/L, 25 mg/L, 30 mg/L, 35
mg/L, 40 mg/L, or more, putrescine. In some embodiments, 
the culture medium comprises about 0.1 mg/L to about 10 
mg/L, about 0.1 mg/L to about 1 mg/L, about 1 mg/L to 
about 2 mg/L, about 2 mg/L to about 3 mg/L, about 3 mg/L 
to about 4 mg/L, about 4 mg/L to about 5 mg/L, about 5 
mg/L to about 6 mg/L, about 6 mg/L to about 7 mg/L, about 
7 mg/L to about 8 mg/L, about 8 mg/L to about 9 mg/L, 
about 9 mg/L to about 10 mg/L, about 1 mg/L to about 5 
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mg/L, about 5 mg/L to about 10 mg/L, about 0.1 mg/L to 
about 0.5 mg/L, or about 0.5 mg/L to about 1 mg/L 
putrescine.

In some embodiments, the target value is a level of one or 
more of fucosylated glycans, galactosylated glycans, high 
mannose glycans, and sialylated glycans in a reference 
therapeutic product. In some embodiments, the target value 
is a level of one or more of fucosylated glycans, galactosy
lated glycans, high mannose glycans, and sialylated glycans 
in a reference therapeutic antibody product. In some 
embodiments, the target value is a predetermined pharma
ceutical product specification or a quality control criterion 
for a pharmaceutical preparation, e.g., a Certificate of Analy
sis (CofA), a Certificate of Testing (CofT), or a Master Batch 
Record. In some embodiments, the product specification is 
a product description in an FDA label, a Physician’s Insert, 
a USP monograph, or an EP monograph.

In some embodiments, the reference therapeutic product 
is selected from the group consisting of: abatacept, abcix- 
imab, adalimumab, aflibercept, alefacept, alemtuzumab, 
basiliximab, bevacizumab, belatacept, certolizumab, cetux
imab, daclizumab, eculizumab, efalizumab, entanercept, 
gemtuzumab, ibritumomab, infliximab, muromonab-CD3, 
natalizumab, omalizumab, palivizumab; panitumumab, 
ranibizumab, rilonacept, rituximab, tositumomab, and tras
tuzumab.

In some embodiments, the target value is one or more of: 
(a) at least about 70% to about 100% fucosylated glycans, 
e.g, at least about 70%, 75%, 80%, 85%, 90%, 95%, or 
100% fucosylated glycans; (b) at least about 1% to about 
95% galactosylated glycans, e.g, at least about 2%, 3%, 4%, 
5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 
95% galactosylated glycans; (c) at least about 0.1% to about 
20% high mannose glycans, e.g, at least about 0.1%, 0.2%, 
0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 0.9%, 1%, 2%, 3%, 
4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 
15%, 16%, 17%, 18%, 19%, 20%, high mannose glycans; 
and (d) at least about 0.1% to about 90% sialylated glycans, 
e.g, at least about 0.2%, 0.5%, 1%, 2%, 3%, 4%, 5%, 10%, 
20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90% sialylated 
glycans. High mannose glycans can be, e.g, HM3, HM4, 
HM5, HM6, HM7, HM8, HM9, or combinations thereof.

In some embodiments, the target value of the one or more 
of fucosylated glycans, galactosylated glycans, and sialy
lated glycans is higher than a corresponding level in a 
preparation produced by culturing the cell in the medium not 
comprising putrescine. In some embodiments, the taiget 
value is higher than the corresponding level by at least about 
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 
150%, 200%, 250%, 300%, 350%, 400%, 450%, 500%, or 
more, of the corresponding level.

In some embodiments, the target value of the high man
nose glycans is lower than a corresponding level in a 
preparation produced by culturing the cell in the medium not 
comprising putrescine. In some embodiments, the taiget 
value is lower than the corresponding level by at least about 
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 
100%, of the corresponding level.

In some embodiments, the method further comprises 
evaluating the level of one or more of fucosylated glycans, 
galactosylated glycans, high mannose glycans, and sialy
lated glycans in the recombinant protein preparation. In 
some embodiments, the method further comprises recording 
the level in a print or computer-readable medium, e.g., in a 
test report, Material Safety Data Sheet (MSDS), batch 
record, Certificate of Testing (CofT) or Certificate of Analy
sis (CofA).
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mg/L to about 6 mg/L, about 6 mg/L to about 7 mg/L, about 
7 mg/L to about 8 mg/L, about 8 mg/L to about 9 mg/L, 
about 9 mg/L to about 10 mg/L, about 1 mg/L to about 5 
mg/L, about 5 mg/L to about 10 mg/L, about 0.1 mg/L to 
about 0.5 mg/L, or about 0.5 mg/L to about 1 mg/L 5 

putrescine. 

4 
mg/L, about 5 mg/L to about 10 mg/L, about 0.1 mg/L to 
about 0.5 mg/L, or about 0.5 mg/L to about 1 mg/L 
putrescine. 

In some embodiments, the target value is a level of one or 
more of fucosylated glycans, galactosylated glycans, high 
mannose glycans, and sialylated glycans in a reference 
therapeutic product. In some embodiments, the target value 
is a level of one or more of fucosylated glycans, galactosy
lated glycans, high mannose glycans, and sialylated glycans 

In some embodiments, the method further comprises 
measuring a level of one or more mature glycans in the 
recombinant protein preparation. In some embodiments, the 
method further comprises recording the level in a print or 
computer-readable medium, e.g., in a test report, Material 
Safety Data Sheet (MSDS), batch record, Certificate of 
Testing (CofT) or Certificate of Analysis (CofA). 

In some embodiments, the target value is one or more of: 

10 in a reference therapeutic antibody product. In some 
embodiments, the target value is a predetermined pharma
ceutical product specification or a quality control criterion 
for a pharmaceutical preparation, e.g., a Certificate of Analy
sis (CofA), a Certificate of Testing (CofT), or a Master Batch 

15 Record. In some embodiments, the product specification is 
a product description in an FDA label, a Physician's Insert, 
a USP monograph, or an EP monograph. 

(a) more than about 30% mature glycans, e.g., more than 
about 40%, 50%, 60%, 70%, 80%, 90%, 95%, or more, 
mature glycans; and (b) less than about 90% high mannose, 
hybrid glycans, or combination of high mannose and hybrid 
glycans, e.g., less than about 80%, 70%, 60%, 50%, 40%, 
30%, 20%, 10%, or less, high mannose glycans, hybrid 
glycans, or combination of high mannose and hybrid gly
cans. In some embodiments, the mature glycan is one or 
more of galactosylated glycans and sialylated glycans. In 
some embodiments, the target value is one or more of: (a) 
about 1 % to about 95% galactosylated glycans, e.g., at least 
about 2%, 3%, 4%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 
70%, 80%, 90%, or 95% galactosylated glycans; and (b) 
about 0.1 % to about 90% sialylated glycans, e.g., at least 
about 0.2%, 0.5%, 1%, 2%, 3%, 4%, 5%, 10%, 20%, 30%, 30 

40%, 50%, 60%, 70%, 80%, or 90% sialylated glycans. 
High mannose glycans can be, e.g., HM3, HM4, HMS, 
HM6, HM7, HMS, HM9, or combinations thereof 

In some embodiments, the reference therapeutic product 
is selected from the group consisting of: abatacept, abcix-

20 imab, adalimumab, aflibercept, alefacept, alemtuzumab, 
basiliximab, bevacizumab, belatacept, certolizumab, cetux
imab, daclizumab, eculizumab, efalizumab, entanercept, 
gemtuzumab, ibritumomab, infliximab, muromonab-CD3, 
natalizumab, omalizumab, palivizumab; panitumumab, 

25 ranibizumab, rilonacept, rituximab, tositumomab, and tras
tuzumab. 

In another aspect, the invention features a method of 
producing a recombinant protein preparation having a target 35 

value of one or more of fucosylated glycans, galactosylated 
glycans, high mannose glycans, and sialylated glycans, the 
method comprising: (a) providing a cell genetically engi
neered to express a recombinant protein; (b) culturing the 
cell in a culture medium comprising ( e.g., supplemented 40 

with) putrescine under conditions in which the cell expresses 
the recombinant protein; and ( c) harvesting ( e.g., purifying 
or isolating from the cell and/or culture medium) a prepa
ration of the recombinant protein produced by the cell, 
wherein the preparation has the target value of the one or 45 

more of fucosylated glycans, galactosylated glycans, high 
mannose glycans, and sialylated glycans. In some embodi
ments, the culture medium comprises putrescine for a time 
and in an amount effective to modify (e.g., increase or 
decrease) one or more of the fucosylated glycans, galacto- 50 

sylated glycans, high mannose glycans, and sialylated gly
cans of the recombinant protein. 

In some embodiments, the culture medium comprises 
about 0.01 mg/L, 0.05 mg/L, 0.1 mg/L, 0.2 mg/L, 0.3 mg/L, 
0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 55 

mg/L, 1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 mg/L, 3 mg/L, 3.5 
mg/L, 4 mg/L, 4.5 mg/L, 5 mg/L, 5.5 mg/L, 6 mg/L, 6.5 
mg/L, 7 mg/L, 7.5 mg/L, 8 mg/L, 8.5 mg/L, 9 mg/L, 9.5 
mg/L, 10 mg/L, 15 mg/L, 20 mg/L, 25 mg/L, 30 mg/L, 35 
mg/L, 40 mg/L, or more, putrescine. In some embodiments, 60 

the culture medium comprises about 0.1 mg/L to about 10 
mg/L, about 0.1 mg/L to about 1 mg/L, about 1 mg/L to 
about 2 mg/L, about 2 mg/L to about 3 mg/L, about 3 mg/L 
to about 4 mg/L, about 4 mg/L to about 5 mg/L, about 5 
mg/L to about 6 mg/L, about 6 mg/L to about 7 mg/L, about 65 

7 mg/L to about 8 mg/L, about 8 mg/L to about 9 mg/L, 
about 9 mg/L to about 10 mg/L, about 1 mg/L to about 5 

In some embodiments, the target value is one or more of: 
(a) at least about 70% to about 100% fucosylated glycans, 
e.g., at least about 70%, 75%, 80%, 85%, 90%, 95%, or 
100% fucosylated glycans; (b) at least about 1 % to about 
95% galactosylated glycans, e.g., at least about 2%, 3%, 4%, 
5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 
95% galactosylated glycans; (c) at least about 0.1 % to about 
20% high mannose glycans, e.g., at least about 0.1 %, 0.2%, 
0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 0.9%, 1 %, 2%, 3%, 
4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 
15%, 16%, 17%, 18%, 19%, 20%, high mannose glycans; 
and (d) at least about 0.1 % to about 90% sialylated glycans, 
e.g., at least about 0.2%, 0.5%, 1 %, 2%, 3%, 4%, 5%, 10%, 
20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90% sialylated 
glycans. High mannose glycans can be, e.g., HM3, HM4, 
HMS, HM6, HM7, HMS, HM9, or combinations thereof. 

In some embodiments, the target value of the one or more 
of fucosylated glycans, galactosylated glycans, and sialy
lated glycans is higher than a corresponding level in a 
preparation produced by culturing the cell in the medium not 
comprising putrescine. In some embodiments, the target 
value is higher than the corresponding level by at least about 
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 
150%, 200%, 250%, 300%, 350%, 400%, 450%, 500%, or 
more, of the corresponding level. 

In some embodiments, the target value of the high man
nose glycans is lower than a corresponding level in a 
preparation produced by culturing the cell in the medium not 
comprising putrescine. In some embodiments, the target 
value is lower than the corresponding level by at least about 
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 
100%, of the corresponding level. 

In some embodiments, the method further comprises 
evaluating the level of one or more of fucosylated glycans, 
galactosylated glycans, high mannose glycans, and sialy
lated glycans in the recombinant protein preparation. In 
some embodiments, the method further comprises recording 
the level in a print or computer-readable medium, e.g., in a 
test report, Material Safety Data Sheet (MSDS), batch 
record, Certificate of Testing (CofT) or Certificate of Analy
sis (CofA). 
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In another aspect, the invention features a method of 
producing a recombinant protein preparation, the method 
comprising: (a) providing a target value of one or more of 
fucosylated glycans, galactosylated glycans, high mannose 
glycans, and sialylated glycans; (b) providing a cell geneti
cally engineered to express a recombinant protein; (c) cul
turing the cell in a culture medium comprising (e.g., supple
mented with) putrescine under conditions in which the cell 
expresses the recombinant protein; (d) harvesting a prepa
ration of the recombinant protein produced by the cell; and 
(e) processing (e.g., one or more of formulating, filling into 
a container, labeling, packaging) the preparation into a drug 
product if the preparation meets the target value of the one 
or more of fucosylated glycans, galactosylated glycans, high 
mannose glycans, and sialylated glycans. In some embodi
ments, the culture medium comprises putrescine for a time 
and in an amount effective to modify (e.g., increase or 
decrease) one or more of the fucosylated glycans, galacto
sylated glycans, high mannose glycans, and sialylated gly
cans of the recombinant protein.

In some embodiments, the method further comprises 
evaluating the level of one or more of fucosylated glycans, 
galactosylated glycans, high mannose glycans, and sialy
lated glycans in the recombinant protein preparation. In 
some embodiments, the method further comprises recording 
the level in a print or computer-readable medium, e.g., in a 
test report, Material Safety Data Sheet (MSDS), batch 
record, or Certificate of Testing (Coff) or Certificate of 
Analysis (CofA).

In some embodiments, the culture medium comprises 
about 0.01 mg/L, 0.05 mg/L, 0.1 mg/L, 0.2 mg/L, 0.3 mg/L, 
0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 
mg/L, 1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 mg/L, 3 mg/L, 3.5
mg/L, 4 mg/L, 4.5 mg/L, 5 mg/L, 5.5 mg/L, 6 mg/L, 6.5
mg/L, 7 mg/L, 7.5 mg/L, 8 mg/L, 8.5 mg/L, 9 mg/L, 9.5
mg/L, 10 mg/L, 15 mg/L, 20 mg/L, 25 mg/L, 30 mg/L, 35
mg/L, 40 mg/L, or more, putrescine. In some embodiments, 
the culture medium comprises about 0.1 mg/L to about 10 
mg/L, about 0.1 mg/L to about 1 mg/L, about 1 mg/L to 
about 2 mg/L, about 2 mg/L to about 3 mg/L, about 3 mg/L 
to about 4 mg/L, about 4 mg/L to about 5 mg/L, about 5 
mg/L to about 6 mg/L, about 6 mg/L to about 7 mg/L, about 
7 mg/L to about 8 mg/L, about 8 mg/L to about 9 mg/L, 
about 9 mg/L to about 10 mg/L, about 1 mg/L to about 5 
mg/L, about 5 mg/L to about 10 mg/L, about 0.1 mg/L to 
about 0.5 mg/L, or about 0.5 mg/L to about 1 mg/L 
putrescine.

In some embodiments, the target value is a level of one or 
more of fucosylated glycans, galactosylated glycans, high 
mannose glycans, and sialylated glycans in a reference 
therapeutic product. In some embodiments, the target value 
is a level of one or more of fucosylated glycans, galactosy
lated glycans, high mannose glycans, and sialylated glycans 
in a reference therapeutic antibody product. In some 
embodiments, the target value is a predetermined pharma
ceutical product specification or a quality control criterion 
for a pharmaceutical preparation, e.g., a Certificate of Analy
sis (CofA), a Certificate of Testing (CofT), or a Master Batch 
Record. In some embodiments, the product specification is 
a product description in an FDA label, a Physician’s Insert, 
a USP monograph, or an EP monograph.

In some embodiments, the reference therapeutic product 
is selected from the group consisting of: abatacept, abcix- 
imab, adalimumab, aflibercept, alefacept, alemtuzumab, 
basiliximab, bevacizumab, belatacept, certolizumab, cetux
imab, daclizumab, eculizumab, efalizumab, entanercept, 
gemtuzumab, ibritumomab, infliximab, muromonab-CD3,
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6 
natalizumab, omalizumab, palivizumab; panitumumab, 
ranibizumab, rilonacept, rituximab, tositumomab, and tras
tuzumab.

In some embodiments, the target value is one or more of: 
(a) at least about 70% to about 100% fucosylated glycans, 
e.g, at least about 70%, 75%, 80%, 85%, 90%, 95%, or 
100% fucosylated glycans; (b) at least about 1% to about 
95% galactosylated glycans, e.g, at least about 2%, 3%, 4%, 
5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 
95% galactosylated glycans; (c) at least about 0.1% to about 
20% high mannose glycans, e.g, at least about 0.1%, 0.2%, 
0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 0.9%, 1%, 2%, 3%, 
4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 
15%, 16%, 17%, 18%, 19%, 20%, high mannose glycans; 
and (d) at least about 0.1% to about 90% sialylated glycans, 
e.g, at least about 0.2%, 0.5%, 1%, 2%, 3%, 4%, 5%, 10%, 
20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90% sialylated 
glycans. High mannose glycans can be, e.g, HM3, HM4, 
HM5, HM6, HM7, HM8, HM9, or combinations thereof.

In some embodiments, the target value of the one or more 
of fucosylated glycans, galactosylated glycans, and sialy
lated glycans is higher than a corresponding level in a 
preparation produced by culturing the cell in the medium not 
comprising putrescine. In some embodiments, the target 
value is higher than the corresponding level by at least about 
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 
150%, 200%, 250%, 300%, 350%, 400%, 450%, 500%, or 
more, of the corresponding level.

In some embodiments, the target value of the high man
nose glycans is lower than a corresponding level in a 
preparation produced by culturing the cell in the medium not 
comprising putrescine. In some embodiments, the target 
value is lower than the corresponding level by at least about 
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 
100%, of the corresponding level.

In another aspect, the invention features a method of 
increasing a level of one or more of fucosylated glycans, 
galactosylated glycans, and sialylated glycans in a recom
binant protein preparation, the method comprising: (a) pro
viding a cell genetically engineered to express a recombi
nant protein; (b) culturing the cell in a culture medium 
comprising an elevated level of putrescine (e.g., supple
mented with putrescine) under conditions in which the cell 
expresses the recombinant protein; and (c) harvesting a 
preparation of the recombinant protein produced by the cell, 
wherein the preparation has an increased level of one or 
more of fucosylated glycans, galactosylated glycans, and 
sialylated glycans relative to a corresponding level in a 
preparation of the recombinant protein produced by cultur
ing the cell in the medium not comprising the elevated level 
of putrescine. In some embodiments, the culture medium 
comprises the elevated level of putrescine for a time and in 
an amount effective to increase one or more of the fiicosy- 
lated glycans, galactosylated glycans, and sialylated glycans 
of the recombinant protein. In some embodiments, the 
method further comprises processing, (e.g., one or more of 
formulating, filling into a container, labeling, packaging) the 
preparation into a drug product if the preparation meets a 
target value of one or more of fucosylated glycans, galac
tosylated glycans, and sialylated glycans.

In some embodiments, the culture medium comprises 
about 0.01 mg/L, 0.05 mg/L, 0.1 mg/L, 0.2 mg/L, 0.3 mg/L, 
0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 
mg/L, 1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 mg/L, 3 mg/L, 3.5
mg/L, 4 mg/L, 4.5 mg/L, 5 mg/L, 5.5 mg/L, 6 mg/L, 6.5
mg/L, 7 mg/L, 7.5 mg/L, 8 mg/L, 8.5 mg/L, 9 mg/L, 9.5
mg/L, 10 mg/L, 15 mg/L, 20 mg/L, 25 mg/L, 30 mg/L, 35 
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In another aspect, the invention features a method of 
producing a recombinant protein preparation, the method 
comprising: (a) providing a target value of one or more of 
fucosylated glycans, galactosylated glycans, high mannose 
glycans, and sialylated glycans; (b) providing a cell geneti- 5 

cally engineered to express a recombinant protein; ( c) cul
turing the cell in a culture medium comprising (e.g., supple
mented with) putrescine under conditions in which the cell 
expresses the recombinant protein; (d) harvesting a prepa
ration of the recombinant protein produced by the cell; and 10 

( e) processing ( e.g., one or more of formulating, filling into 
a container, labeling, packaging) the preparation into a drug 
product if the preparation meets the target value of the one 
or more offucosylated glycans, galactosylated glycans, high 
mannose glycans, and sialylated glycans. In some embodi- 15 

ments, the culture medium comprises putrescine for a time 
and in an amount effective to modify (e.g., increase or 
decrease) one or more of the fucosylated glycans, galacto
sylated glycans, high mannose glycans, and sialylated gly
cans of the recombinant protein. 20 

In some embodiments, the method further comprises 
evaluating the level of one or more of fucosylated glycans, 
galactosylated glycans, high mannose glycans, and sialy
lated glycans in the recombinant protein preparation. In 
some embodiments, the method further comprises recording 25 

the level in a print or computer-readable medium, e.g., in a 
test report, Material Safety Data Sheet (MSDS), batch 
record, or Certificate of Testing (CofT) or Certificate of 
Analysis (CofA). 

In some embodiments, the culture medium comprises 30 

about 0.01 mg/L, 0.05 mg/L, 0.1 mg/L, 0.2 mg/L, 0.3 mg/L, 
0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 
mg/L, 1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 mg/L, 3 mg/L, 3.5 
mg/L, 4 mg/L, 4.5 mg/L, 5 mg/L, 5.5 mg/L, 6 mg/L, 6.5 
mg/L, 7 mg/L, 7.5 mg/L, 8 mg/L, 8.5 mg/L, 9 mg/L, 9.5 35 

mg/L, 10 mg/L, 15 mg/L, 20 mg/L, 25 mg/L, 30 mg/L, 35 
mg/L, 40 mg/L, or more, putrescine. In some embodiments, 
the culture medium comprises about 0.1 mg/L to about 10 
mg/L, about 0.1 mg/L to about 1 mg/L, about 1 mg/L to 
about 2 mg/L, about 2 mg/L to about 3 mg/L, about 3 mg/L 40 

to about 4 mg/L, about 4 mg/L to about 5 mg/L, about 5 
mg/L to about 6 mg/L, about 6 mg/L to about 7 mg/L, about 
7 mg/L to about 8 mg/L, about 8 mg/L to about 9 mg/L, 
about 9 mg/L to about 10 mg/L, about 1 mg/L to about 5 
mg/L, about 5 mg/L to about 10 mg/L, about 0.1 mg/L to 45 

about 0.5 mg/L, or about 0.5 mg/L to about 1 mg/L 
putrescine. 
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natalizumab, omalizumab, palivizumab; panitumumab, 
ranibizumab, rilonacept, rituximab, tositumomab, and tras
tuzumab. 

In some embodiments, the target value is one or more of: 
(a) at least about 70% to about 100% fucosylated glycans, 
e.g., at least about 70%, 75%, 80%, 85%, 90%, 95%, or 
100% fucosylated glycans; (b) at least about 1 % to about 
95% galactosylated glycans, e.g., at least about 2%, 3%, 4%, 
5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 
95% galactosylated glycans; (c) at least about 0.1 % to about 
20% high mannose glycans, e.g., at least about 0.1 %, 0.2%, 
0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 0.9%, 1 %, 2%, 3%, 
4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 
15%, 16%, 17%, 18%, 19%, 20%, high mannose glycans; 
and (d) at least about 0.1 % to about 90% sialylated glycans, 
e.g., at least about 0.2%, 0.5%, 1 %, 2%, 3%, 4%, 5%, 10%, 
20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90% sialylated 
glycans. High mannose glycans can be, e.g., HM3, HM4, 
HMS, HM6, HM7, HMS, HM9, or combinations thereof. 

In some embodiments, the target value of the one or more 
of fucosylated glycans, galactosylated glycans, and sialy
lated glycans is higher than a corresponding level in a 
preparation produced by culturing the cell in the medium not 
comprising putrescine. In some embodiments, the target 
value is higher than the corresponding level by at least about 
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 
150%, 200%, 250%, 300%, 350%, 400%, 450%, 500%, or 
more, of the corresponding level. 

In some embodiments, the target value of the high man
nose glycans is lower than a corresponding level in a 
preparation produced by culturing the cell in the medium not 
comprising putrescine. In some embodiments, the target 
value is lower than the corresponding level by at least about 
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 
100%, of the corresponding level. 

In another aspect, the invention features a method of 
increasing a level of one or more of fucosylated glycans, 
galactosylated glycans, and sialylated glycans in a recom
binant protein preparation, the method comprising: (a) pro
viding a cell genetically engineered to express a recombi
nant protein; (b) culturing the cell in a culture medium 
comprising an elevated level of putrescine (e.g., supple
mented with putrescine) under conditions in which the cell 
expresses the recombinant protein; and ( c) harvesting a 
preparation of the recombinant protein produced by the cell, 
wherein the preparation has an increased level of one or 
more of fucosylated glycans, galactosylated glycans, and 
sialylated glycans relative to a corresponding level in a 
preparation of the recombinant protein produced by cultur-

In some embodiments, the target value is a level of one or 
more of fucosylated glycans, galactosylated glycans, high 
mannose glycans, and sialylated glycans in a reference 
therapeutic product. In some embodiments, the target value 
is a level of one or more of fucosylated glycans, galactosy
lated glycans, high mannose glycans, and sialylated glycans 
in a reference therapeutic antibody product. In some 
embodiments, the target value is a predetermined pharma
ceutical product specification or a quality control criterion 
for a pharmaceutical preparation, e.g., a Certificate of Analy
sis (CofA), a Certificate of Testing (CofT), or a Master Batch 
Record. In some embodiments, the product specification is 
a product description in an FDA label, a Physician's Insert, 
a USP monograph, or an EP monograph. 

50 ing the cell in the medium not comprising the elevated level 
of putrescine. In some embodiments, the culture medium 
comprises the elevated level of putrescine for a time and in 
an amount effective to increase one or more of the fucosy
lated glycans, galactosylated glycans, and sialylated glycans 

In some embodiments, the reference therapeutic product 
is selected from the group consisting of: abatacept, abcix
imab, adalimumab, aflibercept, alefacept, alemtuzumab, 
basiliximab, bevacizumab, belatacept, certolizumab, cetux
imab, daclizumab, eculizumab, efalizumab, entanercept, 
gemtuzumab, ibritumomab, infliximab, muromonab-CD3, 

55 of the recombinant protein. In some embodiments, the 
method further comprises processing, (e.g., one or more of 
formulating, filling into a container, labeling, packaging) the 
preparation into a drug product if the preparation meets a 
target value of one or more of fucosylated glycans, galac-

60 tosylated glycans, and sialylated glycans. 
In some embodiments, the culture medium comprises 

about 0.01 mg/L, 0.05 mg/L, 0.1 mg/L, 0.2 mg/L, 0.3 mg/L, 
0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 
mg/L, 1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 mg/L, 3 mg/L, 3.5 

65 mg/L, 4 mg/L, 4.5 mg/L, 5 mg/L, 5.5 mg/L, 6 mg/L, 6.5 
mg/L, 7 mg/L, 7.5 mg/L, 8 mg/L, 8.5 mg/L, 9 mg/L, 9.5 
mg/L, 10 mg/L, 15 mg/L, 20 mg/L, 25 mg/L, 30 mg/L, 35 
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mg/L, 40 mg/L, or more, putrescine. In some embodiments, 
the culture medium comprises about 0.1 mg/L to about 10 
mg/L, about 0.1 mg/L to about 1 mg/L, about 1 mg/L to 
about 2 mg/L, about 2 mg/L to about 3 mg/L, about 3 mg/L 
to about 4 mg/L, about 4 mg/L to about 5 mg/L, about 5 
mg/L to about 6 mg/L, about 6 mg/L to about 7 mg/L, about 
7 mg/L to about 8 mg/L, about 8 mg/L to about 9 mg/L, 
about 9 mg/L to about 10 mg/L, about 1 mg/L to about 5 
mg/L, about 5 mg/L to about 10 mg/L, about 0.1 mg/L to 
about 0.5 mg/L, or about 0.5 mg/L to about 1 mg/L 
putrescine.

In some embodiments, the method further comprises 
measuring a level of the one or more of fucosylated glycans, 
galactosylated glycans, and sialylated glycans in the recom
binant protein preparation. In some embodiments, the 
method further comprises recording the level in a print or 
computer-readable medium, e.g., in a test report, Material 
Safety Data Sheet (MSDS), batch record, Certificate of 
Testing (Coff) or Certificate of Analysis (CofA).

In some embodiments, the increased level of the one or 
more of fucosylated glycans, galactosylated glycans, and 
sialylated glycans is higher than the corresponding level by 
at least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 
90%, 100%, 150%, 200%, 250%, 300%, 350%, 400%, 
450%, 500%, or more, of the corresponding level. In some 
embodiments, the increased level is one or more of: (a) at 
least about 70% to about 100% fucosylated glycans, e.g., at 
least about 70%, 75%, 80%, 85%, 90%, 95%, or 100% 
fucosylated glycans; (b) at least about 1% to about 95% 
galactosylated glycans, e.g., at least about 2%, 3%, 4%, 5%, 
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 95% 
galactosylated glycans; and (c) at least about 0.1% to about 
90% sialylated glycans, e.g., at least about 0.2%, 0.5%, 1%, 
2%, 3%, 4%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 
80%, or 90% sialylated glycans.

In another aspect, the invention features a method of 
decreasing a level of one or more of fucosylated glycans, 
galactosylated glycans, and sialylated glycans in a recom
binant protein preparation, the method comprising: (a) pro
viding a cell genetically engineered to express a recombi
nant protein; (b) culturing the cell in a culture medium 
comprising a reduced level of putrescine under conditions in 
which the cell expresses the recombinant protein; and (c) 
harvesting a preparation of the recombinant protein pro
duced by the cell, wherein the preparation has a decreased 
level of one or more of fucosylated glycans, galactosylated 
glycans, and sialylated glycans relative to a corresponding 
level in a preparation of the recombinant protein produced 
by culturing the cell in the medium not comprising the 
reduced level of putrescine. In some embodiments, the 
culture medium comprises the reduced level of putrescine 
for a time and in an amount effective to decrease a level of 
one or more of the fucosylated glycans, galactosylated 
glycans, and sialylated glycans of the recombinant protein. 
In some embodiments, the method further comprises pro
cessing, (e.g., one or more of formulating, filling into a 
container, labeling, packaging) the preparation into a drug 
product if the preparation meets a target value of one or more 
of fucosylated glycans, galactosylated glycans, and sialy
lated glycans.

In some embodiments, the medium comprises less than 
about 10 mg/L, 9.5 mg/L, 9 mg/L, 8.5 mg/L, 8 mg/L, 7.5
mg/L, 7 mg/L, 6.5 mg/L, 6 mg/L, 5.5 mg/L, 5 mg/L, 4.5
mg/L, 4 mg/L, 3.5 mg/L, 3 mg/L, 2.5 mg/L, 2 mg/L, 1.5
mg/L, 1 mg/L, 0.9 mg/L, 0.8 mg/L, 0.7 mg/L, 0.6 mg/L, 0.5
mg/L, 0.4 mg/L, 0.3 mg/L, 0.2 mg/L, 0.1 mg/L, 0.05 mg/L, 
0.01 mg/L, or less putrescine.
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8
In some embodiments, the method further comprises 

measuring a level of the one or more of fucosylated glycans, 
galactosylated glycans, and sialylated glycans in the recom
binant protein preparation. In some embodiments, the 
method further comprises recording the level in a print or 
computer-readable medium, e.g., in a test report, Material 
Safety Data Sheet (MSDS), batch record, Certificate of 
Testing (CofT) or Certificate of Analysis (CofA).

In some embodiments, the decreased level of the one or 
more of fucosylated glycans, galactosylated glycans, and 
sialylated glycans is lower than the corresponding level by 
at least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 
90%, or 100%, of the corresponding level. In some embodi
ments, the decreased level is one or more of: (a) less than 
about 100% fucosylated glycans, e.g., less than about 100%, 
95%, 90%, 80%, 85%, 80%, 75%, 70%, 65%, 60%, or less, 
fucosylated glycans; (b) less than at least about 95% galac
tosylated glycans, e.g., less than about 95%, 90%, 80%, 
70%, 60%, 50%, 40% 30%, 20%, 10%, 5%, 4%, 3%, 2%, or 
1%, galactosylated glycans; and (c) less than about 90% 
sialylated glycans, e.g., less than about 90%, 80%, 70%, 
60%, 50%, 40%, 30%, 20%, 10%, 9%, 8%, 7%, 6%, 5%, 
4%, 3%, 2%, 1%, 0.5%, 0.1%, or less, sialylated glycans.

In another aspect, the invention features a method of 
decreasing a level of one or more of high mannose glycans 
and G0F glycans in a recombinant protein preparation, the 
method comprising: (a) providing a cell genetically engi
neered to express a recombinant protein; (b) culturing the 
cell in a culture medium comprising an elevated level of 
putrescine (e.g., supplemented with putrescine) under con
ditions in which the cell expresses the recombinant protein; 
and (c) harvesting a preparation of the recombinant protein 
produced by the cell, wherein the preparation has a 
decreased level of one or more of high mannose glycans and 
G0F glycans relative to a corresponding level in a prepara
tion of the recombinant protein produced by culturing the 
cell in the medium not comprising the elevated level of 
putrescine. In some embodiments, the culture medium com
prises the elevated level of putrescine for a time and in an 
amount effective to decrease the level of one or more of high 
mannose glycans and G0F glycans of the recombinant 
protein. In some embodiments, the method further com
prises processing, (e.g., one or more of formulating, filling 
into a container, labeling, packaging) the preparation into a 
drug product if the preparation meets a target value of one 
or more of high mannose glycans and G0F glycans.

In some embodiments, the culture medium comprises 
about 0.01 mg/L, 0.05 mg/L, 0.1 mg/L, 0.2 mg/L, 0.3 mg/L, 
0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 
mg/L, 1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 mg/L, 3 mg/L, 3.5
mg/L, 4 mg/L, 4.5 mg/L, 5 mg/L, 5.5 mg/L, 6 mg/L, 6.5
mg/L, 7 mg/L, 7.5 mg/L, 8 mg/L, 8.5 mg/L, 9 mg/L, 9.5
mg/L, 10 mg/L, 15 mg/L, 20 mg/L, 25 mg/L, 30 mg/L, 35
mg/L, 40 mg/L, or more, putrescine. In some embodiments, 
the culture medium comprises about 0.1 mg/L to about 10 
mg/L, about 0.1 mg/L to about 1 mg/L, about 1 mg/L to 
about 2 mg/L, about 2 mg/L to about 3 mg/L, about 3 mg/L 
to about 4 mg/L, about 4 mg/L to about 5 mg/L, about 5 
mg/L to about 6 mg/L, about 6 mg/L to about 7 mg/L, about 
7 mg/L to about 8 mg/L, about 8 mg/L to about 9 mg/L, 
about 9 mg/L to about 10 mg/L, about 1 mg/L to about 5 
mg/L, about 5 mg/L to about 10 mg/L, about 0.1 mg/L to 
about 0.5 mg/L, or about 0.5 mg/L to about 1 mg/L 
putrescine.

In some embodiments, the method further comprises 
measuring a level of one or more of high mannose glycans 
and G0F glycans in the recombinant protein preparation. In 
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mg/L, 40 mg/L, or more, putrescine. In some embodiments, 
the culture medium comprises about 0.1 mg/L to about 10 
mg/L, about 0.1 mg/L to about 1 mg/L, about 1 mg/L to 
about 2 mg/L, about 2 mg/L to about 3 mg/L, about 3 mg/L 
to about 4 mg/L, about 4 mg/L to about 5 mg/L, about 5 
mg/L to about 6 mg/L, about 6 mg/L to about 7 mg/L, about 
7 mg/L to about 8 mg/L, about 8 mg/L to about 9 mg/L, 
about 9 mg/L to about 10 mg/L, about 1 mg/L to about 5 
mg/L, about 5 mg/L to about 10 mg/L, about 0.1 mg/L to 
about 0.5 mg/L, or about 0.5 mg/L to about 1 mg/L 
putrescine. 

In some embodiments, the method further comprises 
measuring a level of the one or more of fucosylated glycans, 
galactosylated glycans, and sialylated glycans in the recom
binant protein preparation. In some embodiments, the 
method further comprises recording the level in a print or 
computer-readable medium, e.g., in a test report, Material 
Safety Data Sheet (MSDS), batch record, Certificate of 
Testing (CofT) or Certificate of Analysis (CofA). 

In some embodiments, the increased level of the one or 
more of fucosylated glycans, galactosylated glycans, and 
sialylated glycans is higher than the corresponding level by 
at least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 
90%, 100%, 150%, 200%, 250%, 300%, 350%, 400%, 
450%, 500%, or more, of the corresponding level. In some 
embodiments, the increased level is one or more of: (a) at 
least about 70% to about 100% fucosylated glycans, e.g., at 
least about 70%, 75%, 80%, 85%, 90%, 95%, or 100% 
fucosylated glycans; (b) at least about 1 % to about 95% 
galactosylated glycans, e.g., at least about 2%, 3%, 4%, 5%, 
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 95% 
galactosylated glycans; and (c) at least about 0.1 % to about 
90% sialylated glycans, e.g., at least about 0.2%, 0.5%, 1 %, 
2%, 3%, 4%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 
80%, or 90% sialylated glycans. 

In another aspect, the invention features a method of 
decreasing a level of one or more of fucosylated glycans, 
galactosylated glycans, and sialylated glycans in a recom
binant protein preparation, the method comprising: (a) pro
viding a cell genetically engineered to express a recombi
nant protein; (b) culturing the cell in a culture medium 
comprising a reduced level of putrescine under conditions in 
which the cell expresses the recombinant protein; and ( c) 
harvesting a preparation of the recombinant protein pro
duced by the cell, wherein the preparation has a decreased 
level of one or more of fucosylated glycans, galactosylated 
glycans, and sialylated glycans relative to a corresponding 
level in a preparation of the recombinant protein produced 
by culturing the cell in the medium not comprising the 
reduced level of putrescine. In some embodiments, the 
culture medium comprises the reduced level of putrescine 
for a time and in an amount effective to decrease a level of 
one or more of the fucosylated glycans, galactosylated 
glycans, and sialylated glycans of the recombinant protein. 
In some embodiments, the method further comprises pro
cessing, (e.g., one or more of formulating, filling into a 
container, labeling, packaging) the preparation into a drug 
product if the preparation meets a target value of one or more 
of fucosylated glycans, galactosylated glycans, and sialy
lated glycans. 

8 
In some embodiments, the method further comprises 

measuring a level of the one or more offucosylated glycans, 
galactosylated glycans, and sialylated glycans in the recom
binant protein preparation. In some embodiments, the 

5 method further comprises recording the level in a print or 
computer-readable medium, e.g., in a test report, Material 
Safety Data Sheet (MSDS), batch record, Certificate of 
Testing (CofT) or Certificate of Analysis (CofA). 

In some embodiments, the decreased level of the one or 
10 more of fucosylated glycans, galactosylated glycans, and 

sialylated glycans is lower than the corresponding level by 
at least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 
90%, or 100%, of the corresponding level. In some embodi
ments, the decreased level is one or more of: (a) less than 

15 about 100% fucosylated glycans, e.g., less than about 100%, 
95%, 90%, 80%, 85%, 80%, 75%, 70%, 65%, 60%, or less, 
fucosylated glycans; (b) less than at least about 95% galac
tosylated glycans, e.g., less than about 95%, 90%, 80%, 
70%, 60%, 50%, 40% 30%, 20%, 10%, 5%, 4%, 3%, 2%, or 

20 1 %, galactosylated glycans; and ( c) less than about 90% 
sialylated glycans, e.g., less than about 90%, 80%, 70%, 
60%, 50%, 40%, 30%, 20%, 10%, 9%, 8%, 7%, 6%, 5%, 
4%, 3%, 2%, 1 %, 0.5%, 0.1 %, or less, sialylated glycans. 

In another aspect, the invention features a method of 
25 decreasing a level of one or more of high mannose glycans 

and G0F glycans in a recombinant protein preparation, the 
method comprising: (a) providing a cell genetically engi
neered to express a recombinant protein; (b) culturing the 
cell in a culture medium comprising an elevated level of 

30 putrescine (e.g., supplemented with putrescine) under con
ditions in which the cell expresses the recombinant protein; 
and ( c) harvesting a preparation of the recombinant protein 
produced by the cell, wherein the preparation has a 
decreased level of one or more of high mannose glycans and 

35 G0F glycans relative to a corresponding level in a prepara
tion of the recombinant protein produced by culturing the 
cell in the medium not comprising the elevated level of 
putrescine. In some embodiments, the culture medium com
prises the elevated level of putrescine for a time and in an 

40 amount effective to decrease the level of one or more of high 
mannose glycans and G0F glycans of the recombinant 
protein. In some embodiments, the method further com
prises processing, ( e.g., one or more of formulating, filling 
into a container, labeling, packaging) the preparation into a 

45 drug product if the preparation meets a target value of one 
or more of high mannose glycans and G0F glycans. 

In some embodiments, the culture medium comprises 
about 0.01 mg/L, 0.05 mg/L, 0.1 mg/L, 0.2 mg/L, 0.3 mg/L, 
0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 

50 mg/L, 1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 mg/L, 3 mg/L, 3.5 
mg/L, 4 mg/L, 4.5 mg/L, 5 mg/L, 5.5 mg/L, 6 mg/L, 6.5 
mg/L, 7 mg/L, 7.5 mg/L, 8 mg/L, 8.5 mg/L, 9 mg/L, 9.5 
mg/L, 10 mg/L, 15 mg/L, 20 mg/L, 25 mg/L, 30 mg/L, 35 
mg/L, 40 mg/L, or more, putrescine. In some embodiments, 

55 the culture medium comprises about 0.1 mg/L to about 10 
mg/L, about 0.1 mg/L to about 1 mg/L, about 1 mg/L to 
about 2 mg/L, about 2 mg/L to about 3 mg/L, about 3 mg/L 
to about 4 mg/L, about 4 mg/L to about 5 mg/L, about 5 
mg/L to about 6 mg/L, about 6 mg/L to about 7 mg/L, about 

60 7 mg/L to about 8 mg/L, about 8 mg/L to about 9 mg/L, 
about 9 mg/L to about 10 mg/L, about 1 mg/L to about 5 
mg/L, about 5 mg/L to about 10 mg/L, about 0.1 mg/L to 
about 0.5 mg/L, or about 0.5 mg/L to about 1 mg/L 

In some embodiments, the medium comprises less than 
about 10 mg/L, 9.5 mg/L, 9 mg/L, 8.5 mg/L, 8 mg/L, 7.5 
mg/L, 7 mg/L, 6.5 mg/L, 6 mg/L, 5.5 mg/L, 5 mg/L, 4.5 
mg/L, 4 mg/L, 3.5 mg/L, 3 mg/L, 2.5 mg/L, 2 mg/L, 1.5 
mg/L, 1 mg/L, 0.9 mg/L, 0.8 mg/L, 0.7 mg/L, 0.6 mg/L, 0.5 65 

mg/L, 0.4 mg/L, 0.3 mg/L, 0.2 mg/L, 0.1 mg/L, 0.05 mg/L, 
0.01 mg/L, or less putrescine. 

putrescine. 
In some embodiments, the method further comprises 

measuring a level of one or more of high mannose glycans 
and G0F glycans in the recombinant protein preparation. In 

Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 534 of 557 PageID #: 9451



US 9,663,810 B2
9

some embodiments, the method further comprises recording 
the level in a print or computer-readable medium, e.g., in a 
test report, Material Safety Data Sheet (MSDS), batch 
record, Certificate of Testing (Coff) or Certificate of Analy
sis (CofA).

In some embodiments, the decreased level of the one or 
more of high mannose glycans and GOF glycans is lower 
than the corresponding level by at least about 10%, 20%, 
30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 150%, 
200%, 250%, 300%, 350%, 400%, 450%, 500%, or more, of 
the corresponding level. In some embodiments, the 
decreased level is one or more of: (a) less than about 20% 
high mannose glycans, e.g., less than about 20%, 19%, 18%, 
17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 
6%, 5%, 4%, 3%, 2%, 1%, 0.9%, 0.8%, 0.7%, 0.6%, 0.5%, 
0.4%, 0.3%, 0.2%, 0.1%, or less, high mannose glycans; and 
(b) less than about 90% GOF glycans, e.g., less than about 
80%, 70%, 60%, 50%, 40%, 30%, 20%, 10%, 5%, 4%, 3%, 
2%, 1%, or less, GOF glycans. High mannose glycans can 
be, e.g, HM3, HM4, HM5, HM6, HM7, HM8, HM9, or 
combinations thereof.

In another aspect, the invention features a method of 
increasing a level of one or more of high mannose glycans 
and GOF glycans in a recombinant protein preparation, the 
method comprising: (a) providing a cell genetically engi
neered to express a recombinant protein; (b) culturing the 
cell in a culture medium comprising a reduced level of 
putrescine under conditions in which the cell expresses the 
recombinant protein; and (c) harvesting a preparation of the 
recombinant protein produced by the cell, wherein the 
preparation has an increased level of one or more of high 
mannose glycans and GOF glycans relative to a correspond
ing level in a preparation of the recombinant protein pro
duced by culturing the cell in the medium not comprising the 
reduced level of putrescine. In some embodiments, the 
culture medium comprises a reduced level of putrescine for 
a time and in an amount effective to increase the level of one 
or more of high mannose glycans and GOF glycans of the 
recombinant protein. In some embodiments, the method 
further comprises processing, (e.g, one or more of formu
lating, filling into a container, labeling, packaging) the 
preparation into a drug product if the preparation meets a 
target value of one or more of high mannose glycans and 
GOF glycans.

In some embodiments, the medium comprises less than 
about 10 mg/L, 9.5 mg/L, 9 mg/L, 8.5 mg/L, 8 mg/L, 7.5
mg/L, 7 mg/L, 6.5 mg/L, 6 mg/L, 5.5 mg/L, 5 mg/L, 4.5
mg/L, 4 mg/L, 3.5 mg/L, 3 mg/L, 2.5 mg/L, 2 mg/L, 1.5
mg/L, 1 mg/L, 0.9 mg/L, 0.8 mg/L, 0.7 mg/L, 0.6 mg/L, 0.5
mg/L, 0.4 mg/L, 0.3 mg/L, 0.2 mg/L, 0.1 mg/L, 0.05 mg/L, 
0.01 mg/L, or less putrescine.

In some embodiments, the method further comprises 
measuring a level of one or more of high mannose glycans 
and GOF glycans in the recombinant protein preparation. In 
some embodiments, the method further comprises recording 
the level in a print or computer-readable medium, e.g., in a 
test report, Material Safety Data Sheet (MSDS), batch 
record, Certificate of Testing (CofT) or Certificate of Analy
sis (CofA).

In some embodiments, the increased level of the one or 
more of high mannose glycans and GOF glycans is higher 
than the corresponding level by at least about 10%, 20%, 
30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 150%, 
200%, 250%, 300%, 350%, 400%, 450%, 500%, or more, of 
the corresponding level. In some embodiments, the 
increased level is one or more of: (a) more than about 0.1% 
high mannose glycans, e.g., more than about 0.1%, 0.2%, 
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0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 0.9%, 1%, 2%, 3%, 
4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 
15%, 16%, 17%, 18%, 19%, 20%, or more, high mannose 
glycans; and (b) more than about 1% GOF glycans, e.g., 
more than about 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 
10%, 20%, 30%, 40%, or more, GOF glycans.

In some aspects described herein, the culturing step 
comprises a first stage and a second stage. In some embodi
ments, the first stage comprises culturing the cell in the 
culture medium comprising a first level of putrescine, and 
the second stage comprises culturing the cell in the culture 
medium comprising a second level of putrescine. In some 
embodiments, the first level comprises a reduced level of 
(e.g., does not comprise) putrescine relative to the second 
level, and the second level comprises an elevated level of 
putrescine relative to the first level. In some embodiments, 
the first level comprises an elevated level of putrescine, and 
the second level comprises a reduced level of (e.g., does not 
comprise) putrescine.

In some embodiments, the first stage comprises culturing 
the cell in the first level of putrescine for about 1 to about 8 
days, e.g., 1-7, 1-6, 1-5 days. In some embodiments, the 
second stage comprises culturing the cell in the second level 
of putrescine for about 1 to about 12 days, e.g., 1-10, 1-9, 
1-8, 1-7, 1-6 days. In some embodiments, the first stage is a 
growth stage. In some embodiments, the second stage is a 
production stage.

In some aspects described herein, the culture medium 
further comprises one or more of lysine, cysteine, ammo
nium, manganese, cobalt, copper, a peptone, glucose, galac
tose, glucosamine, glutamine, a lipid (e.g., cholesterol), 
DMSO, and dextran sulfate.

In some aspects described herein, the cell is a mammalian 
cell. In some embodiments, the mammalian cell is a CHO 
(e.g, CHO-K1, DG44, CHO-DXB11, CHOK1SV, CHO-S) 
Vero, BHK, HeLa, COS, MDCK, or HEK-293 cell.

In some aspects described herein, the recombinant protein 
is a recombinant therapeutic product. In some embodiments, 
the recombinant protein is a recombinant therapeutic anti
body product. In some embodiments, the recombinant pro
tein is a recombinant therapeutic fusion protein. In some 
embodiments, the recombinant protein is abatacept, abcix- 
imab, adalimumab, aflibercept, alefacept, alemtuzumab, 
basiliximab, bevacizumab, belatacept, certolizumab, cetux
imab, daclizumab, eculizumab, efalizumab, entanercept, 
gemtuzumab, ibritumomab, infliximab, muromonab-CD3, 
natalizumab, omalizumab, palivizumab; panitumumab, 
ranibizumab, rilonacept, rituximab, tositumomab, and tras
tuzumab.

In some aspects described herein, the conditions in which 
cells (e.g, mammalian cells) express recombinant proteins 
comprise (i) a medium having a pH of about 6, about 6.5, 
about 6.6, about 6.7, about 6.8, about 6.9, about 7, about 7.1, 
about 7.2, about 7.3, about 7.4, about 7.5, or about 8; (ii) a 
temperature of about 25° C, about 26° C, about 27° C, 
about 28° C, about 29° C, about 30° C, about 31° C, about 
32° C, about 33° C, about 34° C, about 35° C, about 36° 
C, about 37° C, about 38° C, about 39° C, or about 40° C.; 
and/or (iii) a culture volume of about 100 mL, about 200 
mL, about 300 mL, about 400 mL, about 500 mL, about 600 
mL, about 700 mL, about 800 mL, about 900 mL, about 1 
L, about 2 L, about 3 L, about 5 L, about 10 L, about 20 L, 
about 30 L, about 40 L, about 50 L, about 100 L, about 200 
L, about 300 L, about 400 L, about 500 L, about 600 L, 
about 700 L, about 800 L, about 900 L, about 1000 L, 5,000 
L, 10,000 L, 20,000 L, or more.
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0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 0.9%, 1 %, 2%, 3%, 
4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 
15%, 16%, 17%, 18%, 19%, 20%, or more, high mannose 
glycans; and (b) more than about 1 % G0F glycans, e.g., 

some embodiments, the method further comprises recording 
the level in a print or computer-readable medium, e.g., in a 
test report, Material Safety Data Sheet (MSDS), batch 
record, Certificate of Testing (CoIT) or Certificate of Analy
sis (CofA). 5 more than about 1 %, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 

10%, 20%, 30%, 40%, or more, G0F glycans. In some embodiments, the decreased level of the one or 
more of high mannose glycans and G0F glycans is lower 
than the corresponding level by at least about 10%, 20%, 
30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 150%, 
200%, 250%, 300%, 350%, 400%, 450%, 500%, or more, of 10 

the corresponding level. In some embodiments, the 
decreased level is one or more of: (a) less than about 20% 
high mannose glycans, e.g., less than about 20%, 19%, 18%, 
17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 
6%, 5%, 4%, 3%, 2%, 1 %, 0.9%, 0.8%, 0.7%, 0.6%, 0.5%, 15 

0.4%, 0.3%, 0.2%, 0.1 %, or less, high mannose glycans; and 
(b) less than about 90% G0F glycans, e.g., less than about 
80%, 70%, 60%, 50%, 40%, 30%, 20%, 10%, 5%, 4%, 3%, 
2%, 1 %, or less, G0F glycans. High mannose glycans can 
be, e.g., HM3, HM4, HMS, HM6, HM7, HMS, HM9, or 20 

combinations thereof. 
In another aspect, the invention features a method of 

increasing a level of one or more of high mannose glycans 
and G0F glycans in a recombinant protein preparation, the 
method comprising: (a) providing a cell genetically engi- 25 

neered to express a recombinant protein; (b) culturing the 
cell in a culture medium comprising a reduced level of 
putrescine under conditions in which the cell expresses the 
recombinant protein; and ( c) harvesting a preparation of the 
recombinant protein produced by the cell, wherein the 30 

preparation has an increased level of one or more of high 
mannose glycans and G0F glycans relative to a correspond
ing level in a preparation of the recombinant protein pro
duced by culturing the cell in the medium not comprising the 
reduced level of putrescine. In some embodiments, the 35 

culture medium comprises a reduced level of putrescine for 
a time and in an amount effective to increase the level of one 
or more of high mannose glycans and G0F glycans of the 
recombinant protein. In some embodiments, the method 
further comprises processing, (e.g., one or more of formu- 40 

lating, filling into a container, labeling, packaging) the 
preparation into a drug product if the preparation meets a 
target value of one or more of high mannose glycans and 
G0F glycans. 

In some embodiments, the medium comprises less than 45 

about 10 mg/L, 9.5 mg/L, 9 mg/L, 8.5 mg/L, 8 mg/L, 7.5 
mg/L, 7 mg/L, 6.5 mg/L, 6 mg/L, 5.5 mg/L, 5 mg/L, 4.5 
mg/L, 4 mg/L, 3.5 mg/L, 3 mg/L, 2.5 mg/L, 2 mg/L, 1.5 
mg/L, 1 mg/L, 0.9 mg/L, 0.8 mg/L, 0.7 mg/L, 0.6 mg/L, 0.5 
mg/L, 0.4 mg/L, 0.3 mg/L, 0.2 mg/L, 0.1 mg/L, 0.05 mg/L, 50 

0.01 mg/L, or less putrescine. 
In some embodiments, the method further comprises 

measuring a level of one or more of high mannose glycans 
and G0F glycans in the recombinant protein preparation. In 
some embodiments, the method further comprises recording 55 

the level in a print or computer-readable medium, e.g., in a 
test report, Material Safety Data Sheet (MSDS), batch 
record, Certificate of Testing (CoIT) or Certificate of Analy-
sis (CofA). 

In some embodiments, the increased level of the one or 60 

more of high mannose glycans and G0F glycans is higher 
than the corresponding level by at least about 10%, 20%, 
30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 150%, 
200%, 250%, 300%, 350%, 400%, 450%, 500%, or more, of 
the corresponding level. In some embodiments, the 65 

increased level is one or more of: (a) more than about 0.1 % 
high mannose glycans, e.g., more than about 0.1%, 0.2%, 

In some aspects described herein, the culturing step 
comprises a first stage and a second stage. In some embodi
ments, the first stage comprises culturing the cell in the 
culture medium comprising a first level of putrescine, and 
the second stage comprises culturing the cell in the culture 
medium comprising a second level of putrescine. In some 
embodiments, the first level comprises a reduced level of 
( e.g., does not comprise) putrescine relative to the second 
level, and the second level comprises an elevated level of 
putrescine relative to the first level. In some embodiments, 
the first level comprises an elevated level of putrescine, and 
the second level comprises a reduced level of ( e.g., does not 
comprise) putrescine. 

In some embodiments, the first stage comprises culturing 
the cell in the first level of putrescine for about 1 to about 8 
days, e.g., 1-7, 1-6, 1-5 days. In some embodiments, the 
second stage comprises culturing the cell in the second level 
of putrescine for about 1 to about 12 days, e.g., 1-10, 1-9, 
1-8, 1-7, 1-6 days. In some embodiments, the first stage is a 
growth stage. In some embodiments, the second stage is a 
production stage. 

In some aspects described herein, the culture medium 
further comprises one or more of lysine, cysteine, ammo
nium, manganese, cobalt, copper, a peptone, glucose, galac
tose, glucosamine, glutamine, a lipid ( e.g., cholesterol), 
DMSO, and dextran sulfate. 

In some aspects described herein, the cell is a manimalian 
cell. In some embodiments, the mammalian cell is a CHO 
(e.g., CHO-Kl, DG44, CHO-DXBll, CHOKlSV, CHO-S) 
Vero, BHK, HeLa, COS, MDCK, or HEK-293 cell. 

In some aspects described herein, the recombinant protein 
is a recombinant therapeutic product. In some embodiments, 
the recombinant protein is a recombinant therapeutic anti
body product. In some embodiments, the recombinant pro-
tein is a recombinant therapeutic fusion protein. In some 
embodiments, the recombinant protein is abatacept, abcix
imab, adalimumab, aflibercept, alefacept, alemtuzumab, 
basiliximab, bevacizumab, belatacept, certolizumab, cetux
imab, daclizumab, eculizumab, efalizumab, entanercept, 
gemtuzumab, ibritumomab, infliximab, muromonab-CD3, 
natalizumab, omalizumab, palivizumab; panitumumab, 
ranibizumab, rilonacept, rituximab, tositumomab, and tras
tuzumab. 

In some aspects described herein, the conditions in which 
cells (e.g., mammalian cells) express recombinant proteins 
comprise (i) a medium having a pH of about 6, about 6.5, 
about 6.6, about 6.7, about 6.8, about 6.9, about 7, about 7.1, 
about 7.2, about 7.3, about 7.4, about 7.5, or about 8; (ii) a 
temperature of about 25° C., about 26° C., about 27° C., 
about 28° C., about 29° C., about 30° C., about 31 ° C., about 
32° C., about 33° C., about 34° C., about 35° C., about 36° 
C., about 37° C., about 38° C., about 39° C., or about 40° C.; 
and/or (iii) a culture volume of about 100 mL, about 200 
mL, about 300 mL, about 400 mL, about 500 mL, about 600 
mL, about 700 mL, about 800 mL, about 900 mL, about 1 
L, about 2 L, about 3 L, about 5 L, about 10 L, about 20 L, 
about 30 L, about 40 L, about 50 L, about 100 L, about 200 
L, about 300 L, about 400 L, about 500 L, about 600 L, 
about 700 L, about 800 L, about 900 L, about 1000 L, 5,000 
L, 10,000 L, 20,000 L, or more. 
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In another aspect, the invention features a preparation of 
a recombinant protein produced using a method described 
herein.

In another aspect, the invention features a method of 
producing a recombinant therapeutic antibody preparation 
(e.g., abciximab, adalimumab, alemtuzumab, basiliximab, 
bevacizumab, certolizumab, cetuximab, daclizumab, eculi- 
zumab, efalizumab, gemtuzumab, ibritumomab, infliximab, 
muromonab-CD3, natalizumab, omalizumab, palivizumab, 
panitumumab, ranibizumab, rituximab, tositumomab, or 
trastuzumab), the method comprising: (a) providing a target 
value (e.g., a predetermined pharmaceutical product speci
fication or a quality control criterion for a pharmaceutical 
preparation, e.g., a Certificate of Analysis (CofA), a Certifi
cate of Testing (CofT), or a Master Batch Record of a 
reference therapeutic antibody product) of one or more of 
fucosylated glycans, galactosylated glycans, high mannose 
glycans (e.g, HM3, HM4, HM5, HM6, HM7, HM8, HM9, 
or combinations thereof), and sialylated glycans; (b) pro
viding a CHO cell genetically engineered to express a 
recombinant antibody; (c) culturing the cell in a culture 
medium comprising putrescine (e.g, about 0.01 mg/L, 0.05 
mg/L, 0.1 mg/L, 0.2 mg/L, 0.3 mg/L, 0.4 mg/L, 0.5 mg/L, 
0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 mg/L, 1 mg/L, 1.5 mg/L, 
2 mg/L, 2.5 mg/L, 3 mg/L, 3.5 mg/L, 4 mg/L, 4.5 mg/L, 5 
mg/L, 5.5 mg/L, 6 mg/L, 6.5 mg/L, 7 mg/L, 7.5 mg/L, 8 
mg/L, 8.5 mg/L, 9 mg/L, 9.5 mg/L, 10 mg/L, 15 mg/L, 20 
mg/L, 25 mg/L, 30 mg/L, 35 mg/L, 40 mg/L, putrescine) 
under conditions in which the cell expresses the recombinant 
antibody; (d) harvesting (e.g., purifying or isolating from the 
cell and/or culture medium) a preparation of the recombi
nant antibody produced by the cell; and (e) formulating (e.g., 
one or more of formulating, filling into a container, labeling, 
packaging) the preparation into a drug product if the prepa
ration meets the target value of the one or more of fucosy
lated glycans, galactosylated glycans, high mannose gly
cans, and sialylated glycans.

BRIEF DESCRIPTION OF THE DRAWINGS

The present teachings described herein will be more fully 
understood from the following description of various illus
trative embodiments, when read together with the accom
panying drawings. It should be understood that the drawings 
described below are for illustration purposes only and are 
not intended to limit the scope of the present teachings in 
any way.

FIG. 1 is a schematic illustration of an IgG antibody 
molecule.

FIG. 2 is a graphic representation of fucosylated glycan 
levels in preparations of a model antibody from cells grown 
in medium having different levels of putrescine.

FIG. 3 is a graphic representation of G0F, GIF, and G2F 
glycan levels in preparations of a model antibody from cells 
grown in medium having different levels of putrescine.

FIG. 4 is a graphic representation of total high mannose 
glycan levels and sialylated glycan levels in preparations of 
a model antibody from cells grown in medium having 
different levels of putrescine.

DETAILED DESCRIPTION

The inventors have discovered that preparations of poly
peptides (e.g., antibodies) having targeted levels of glycans 
(e.g., fucosylated glycans, galactosylated glycans, high man
nose glycans, and sialylated glycans) can be produced from 
cells cultured in a medium having putrescine, e.g., a par
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12
ticular level of putrescine effective to cause such effect. The 
present disclosure encompasses preparations of polypep
tides (e.g., antibodies) having targeted levels of glycans 
(e.g., fucosylated glycans, galactosylated glycans, high man
nose glycans, and sialylated glycans), methods of making 
such polypeptides (e.g., antibodies), and methods of using 
such polypeptides (e.g., antibodies).
Definitions

As used herein, “purified” (or “isolated”) refers to a 
nucleic acid sequence (e.g., a polynucleotide) or an amino 
acid sequence (e.g., a polypeptide) that is substantially free 
of other components. In some embodiments, a purified 
polynucleotide or purified polypeptide is removed or sepa
rated from other components present in its natural environ
ment. For example, an isolated polypeptide is one that is 
separated from other components of a cell in which it was 
produced (e.g., the endoplasmic reticulum or cytoplasmic 
proteins and RNA). An isolated polynucleotide is one that is 
separated from other nuclear components (e.g., histones) 
and/or from upstream or downstream nucleic acid 
sequences. An isolated nucleic acid sequence or amino acid 
sequence can be at least 60% free, or at least 75% free, or 
at least 90% free, or at least 95% free from other components 
present in natural environment of the indicated nucleic acid 
sequence or amino acid sequence.

As used herein, “polynucleotide” (or “nucleotide 
sequence” or “nucleic acid molecule”) refers to an oligo
nucleotide, nucleotide, or polynucleotide, and fragments or 
portions thereof, and to DNA and RNA of genomic or 
synthetic origin, which may be single- or double-stranded, 
and represent the sense or anti-sense strand.

As used herein, “polypeptide” (or “amino acid sequence” 
or “protein”) refers to an oligopeptide, peptide, polypeptide, 
or protein sequence, and fragments or portions thereof, and 
to naturally occurring or synthetic molecules. “Amino acid 
sequence” and like terms, such as “polypeptide” or “pro
tein”, are not meant to limit the indicated amino acid 
sequence to the complete, native amino acid sequence 
associated with the recited protein molecule.

The term “pharmaceutically effective amount” or “thera
peutically effective amount” refers to an amount (e.g., dose) 
effective in treating a patient, having a disorder or condition 
described herein. It is also to be understood herein that a 
“pharmaceutically effective amount” may be interpreted as 
an amount giving a desired therapeutic effect, either taken in 
one dose or in any dosage or route, taken alone or in 
combination with other therapeutic agents.

The term “treatment” or “treating”, as used herein, refers 
to administering a therapy in an amount, manner, and/or 
mode effective to improve a condition, symptom, or param
eter associated with a disorder or condition or to prevent or 
reduce progression of a disorder or condition, to a degree 
detectable to one skilled in the art. An effective amount, 
manner, or mode can vary depending on the subject and may 
be tailored to the subject.

As used herein, the term “antibody” refers to a polypep
tide that includes at least one immunoglobulin variable 
region, e.g., an amino acid sequence that provides an immu
noglobulin variable domain or immunoglobulin variable 
domain sequence. For example, an antibody can include a 
heavy (H) chain variable region (abbreviated herein as VH), 
and a light (L) chain variable region (abbreviated herein as 
VL). In another example, an antibody includes two heavy 
(H) chain variable regions and two light (L) chain variable 
regions. The term “antibody” encompasses antigen-binding 
fragments of antibodies (e.g., single chain antibodies, Fab, 
F(ab')2, Fd, Fv, and dAb fragments) as well as complete
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In another aspect, the invention features a preparation of 
a recombinant protein produced using a method described 
herein. 

In another aspect, the invention features a method of 
producing a recombinant therapeutic antibody preparation 5 

(e.g., abciximab, adalimumab, alemtuzumab, basiliximab, 
bevacizumab, certolizumab, cetuximab, daclizumab, eculi
zumab, efalizumab, gemtuzumab, ibritumomab, infliximab, 
muromonab-CD3, natalizumab, omalizumab, palivizumab, 
panitumumab, ranibizumab, rituximab, tositumomab, or 10 

trastuzumab ), the method comprising: (a) providing a target 
value (e.g., a predetermined pharmaceutical product speci
fication or a quality control criterion for a pharmaceutical 
preparation, e.g., a Certificate of Analysis (CofA), a Certifi
cate of Testing (CoIT), or a Master Batch Record of a 15 

reference therapeutic antibody product) of one or more of 
fucosylated glycans, galactosylated glycans, high mannose 
glycans (e.g., HM3, HM4, HMS, HM6, HM7, HMS, HM9, 
or combinations thereof), and sialylated glycans; (b) pro
viding a CHO cell genetically engineered to express a 20 

recombinant antibody; ( c) culturing the cell in a culture 
medium comprising putrescine (e.g., about 0.01 mg/L, 0.05 
mg/L, 0.1 mg/L, 0.2 mg/L, 0.3 mg/L, 0.4 mg/L, 0.5 mg/L, 
0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 mg/L, 1 mg/L, 1.5 mg/L, 
2 mg/L, 2.5 mg/L, 3 mg/L, 3.5 mg/L, 4 mg/L, 4.5 mg/L, 5 25 

mg/L, 5.5 mg/L, 6 mg/L, 6.5 mg/L, 7 mg/L, 7.5 mg/L, 8 
mg/L, 8.5 mg/L, 9 mg/L, 9.5 mg/L, 10 mg/L, 15 mg/L, 20 
mg/L, 25 mg/L, 30 mg/L, 35 mg/L, 40 mg/L, putrescine) 
under conditions in which the cell expresses the recombinant 
antibody; ( d) harvesting ( e.g., purifying or isolating from the 30 

cell and/or culture medium) a preparation of the recombi
nant antibody produced by the cell; and ( e) formulating ( e.g., 
one or more of formulating, filling into a container, labeling, 
packaging) the preparation into a drug product if the prepa
ration meets the target value of the one or more of fucosy- 35 

lated glycans, galactosylated glycans, high mannose gly
cans, and sialylated glycans. 

BRIEF DESCRIPTION OF THE DRAWINGS 
40 
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ticular level of putrescine effective to cause such effect. The 
present disclosure encompasses preparations of polypep
tides (e.g., antibodies) having targeted levels of glycans 
( e.g., fucosylated glycans, galactosylated glycans, high man
nose glycans, and sialylated glycans), methods of making 
such polypeptides ( e.g., antibodies), and methods of using 
such polypeptides ( e.g., antibodies). 
Definitions 

As used herein, "purified" ( or "isolated") refers to a 
nucleic acid sequence (e.g., a polynucleotide) or an amino 
acid sequence ( e.g., a polypeptide) that is substantially free 
of other components. In some embodiments, a purified 
polynucleotide or purified polypeptide is removed or sepa
rated from other components present in its natural environ-
ment. For example, an isolated polypeptide is one that is 
separated from other components of a cell in which it was 
produced ( e.g., the endoplasmic reticulum or cytoplasmic 
proteins and RNA). An isolated polynucleotide is one that is 
separated from other nuclear components ( e.g., histones) 
and/or from upstream or downstream nucleic acid 
sequences. An isolated nucleic acid sequence or amino acid 
sequence can be at least 60% free, or at least 75% free, or 
at least 90% free, or at least 95% free from other components 
present in natural environment of the indicated nucleic acid 
sequence or amino acid sequence. 

As used herein, "polynucleotide" ( or "nucleotide 
sequence" or "nucleic acid molecule") refers to an oligo
nucleotide, nucleotide, or polynucleotide, and fragments or 
portions thereof, and to DNA and RNA of genomic or 
synthetic origin, which may be single- or double-stranded, 
and represent the sense or anti-sense strand. 

As used herein, "polypeptide" ( or "amino acid sequence" 
or "protein") refers to an oligopeptide, peptide, polypeptide, 
or protein sequence, and fragments or portions thereof, and 
to naturally occurring or synthetic molecules. "Amino acid 
sequence" and like terms, such as "polypeptide" or "pro-
tein", are not meant to limit the indicated amino acid 
sequence to the complete, native amino acid sequence 
associated with the recited protein molecule. 

The term "pharmaceutically effective amount" or "thera-
peutically effective amount" refers to an amount (e.g., dose) 
effective in treating a patient, having a disorder or condition 
described herein. It is also to be understood herein that a 
"pharmaceutically effective amount" may be interpreted as 

The present teachings described herein will be more fully 
understood from the following description of various illus
trative embodiments, when read together with the accom
panying drawings. It should be understood that the drawings 
described below are for illustration purposes only and are 
not intended to limit the scope of the present teachings in 
any way. 

45 an amount giving a desired therapeutic effect, either taken in 
one dose or in any dosage or route, taken alone or in 
combination with other therapeutic agents. 

FIG. 1 is a schematic illustration of an IgG antibody 
molecule. 

FIG. 2 is a graphic representation of fucosylated glycan 
levels in preparations of a model antibody from cells grown 
in medium having different levels of putrescine. 

FIG. 3 is a graphic representation ofG0F, GlF, and G2F 
glycan levels in preparations of a model antibody from cells 
grown in medium having different levels of putrescine. 

FIG. 4 is a graphic representation of total high mannose 
glycan levels and sialylated glycan levels in preparations of 
a model antibody from cells grown in medium having 
different levels of putrescine. 

DETAILED DESCRIPTION 

The inventors have discovered that preparations of poly
peptides ( e.g., antibodies) having targeted levels of glycans 
( e.g., fucosylated glycans, galactosylated glycans, high man
nose glycans, and sialylated glycans) can be produced from 
cells cultured in a medium having putrescine, e.g., a par-

The term "treatment" or "treating", as used herein, refers 
to administering a therapy in an amount, manner, and/or 

50 mode effective to improve a condition, symptom, or param
eter associated with a disorder or condition or to prevent or 
reduce progression of a disorder or condition, to a degree 
detectable to one skilled in the art. An effective amount, 
manner, or mode can vary depending on the subject and may 

55 be tailored to the subject. 
As used herein, the term "antibody" refers to a polypep

tide that includes at least one immunoglobulin variable 
region, e.g., an amino acid sequence that provides an immu
noglobulin variable domain or immunoglobulin variable 

60 domain sequence. For example, an antibody can include a 
heavy (H) chain variable region (abbreviated herein as VH), 
and a light (L) chain variable region (abbreviated herein as 
VL). In another example, an antibody includes two heavy 
(H) chain variable regions and two light (L) chain variable 

65 regions. The term "antibody" encompasses antigen-binding 
fragments of antibodies ( e.g., single chain antibodies, Fab, 
F(ab')2 , Fd, Fv, and dAb fragments) as well as complete 
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antibodies, e.g., intact immunoglobulins of types IgA, IgG, 
IgE, IgD, IgM (as well as subtypes thereof). The light chains 
of the immunoglobulin can be of types kappa or lambda. In 
some embodiments, an antibody includes an Fc region. In 
some embodiments, an antibody is a therapeutic antibody.

As used herein, the term “Fc region” refers to a dimer of 
two “Fc polypeptides”, each “Fc polypeptide” comprising 
the constant region of an antibody excluding the first con
stant region immunoglobulin domain. In some embodi
ments, an “Fc region” includes two Fc polypeptides linked 
by one or more disulfide bonds, chemical linkers, or peptide 
linkers. “Fc polypeptide” refers to the last two constant 
region immunoglobulin domains of IgA, IgD, and IgG, and 
the last three constant region immunoglobulin domains of 
IgE and IgM, and may also include part or all of the flexible 
hinge N-terminal to these domains. For IgG, “Fc polypep
tide” comprises immunoglobulin domains Cgamma2 (Cy2) 
and Cgamma3 (Cy3) and the lower part of the hinge between 
Cgammal (Cyl) and Cy2. Although the boundaries of the Fc 
polypeptide may vary, the human IgG heavy chain Fc 
polypeptide is usually defined to comprise residues starting 
at T223 or C226 or P230, to its carboxyl-terminus, wherein 
the numbering is according to the EU index as in Kabat et 
al. (1991, NIH Publication 91-3242, National Technical 
Information Services, Springfield, Va.). For IgA, Fc poly
peptide comprises immunoglobulin domains Calpha2 (Ca2) 
and Calpha3 (Ca3) and the lower part of the hinge between 
Calphal (Cal) and Ca2. An Fc region can be synthetic, 
recombinant, or generated from natural sources such as 
IVIG.

As used herein, a “glycan” is a sugar. Glycans can be 
monomers or polymers of sugar residues, but typically 
contain at least three sugars, and can be linear or branched. 
A glycan may include natural sugar residues (e.g., glucose, 
N-acetylglucosamine, N-acetyl neuraminic acid, galactose, 
mannose, fucose, hexose, arabinose, ribose, xylose, etc.) 
and/or modified sugars (e.g., 2'-fluororibose, 2'-deoxyribose, 
phosphomannose, 6'-sulfo N-acetylglucosamine, etc). The 
term “glycan” includes homo and heteropolymers of sugar 
residues. The term “glycan” also encompasses a glycan 
component of a glycoconjugate (e.g., of a glycoprotein, 
glycolipid, proteoglycan, etc.). The term also encompasses 
free glycans, including glycans that have been cleaved or 
otherwise released from a glycoconjugate.

As used herein, a “high mannose glycan” refers to a 
glycan that includes at least 3 mannose sugar residues and 
that terminates in a mannose on a non-reducing end of the 
glycan. In some embodiments, a “high mannose glycan” 
includes at least 4, 5, 6, 7, 8, 9, 10, 11, or 12 mannose sugar 
residues.

As used herein, a “sialylated glycan” refers to a glycan 
that includes at least 1 sialic acid. In some embodiments, a 
sialylated glycan includes at least 1, 2, 3, or 4 sialic acids. 
In some embodiments, a sialylated glycan is a monosialy- 
lated glycan (e.g., a branched glycan monosialylated on an 
al-3 arm of the branched glycan (e.g., with a NeuAc-a2, 
6-Gal terminal linkage)), and/or a disialylated glycan (e.g., 
a branched glycan sialylated on both an al-3 arm and an 
a 1-6 arm of the branched glycan).

As used herein, a “galactosylated glycan” refers to a 
glycan that includes at least 1 galactose sugar residue. In 
some embodiments, a galactosylated glycan is a Gl, G2, 
GIF, G2F, Al, and/or A2 glycan. In some embodiments, a 
galactosylated glycan includes one or more lactosamine 
repeats. In some embodiments, a galactosylated glycan is a 
galactose-alpha-l-3-galactose-containing glycan. In some
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14 
embodiments, a galactosylated glycan is a tri-antennary 
glycan or a tetra-antennary glycan.

As used herein, a “mature glycan” refers to a glycan that 
includes at least one sugar residue in addition to a core 
pentasaccharide structure, and does not include more than 
three mannose sugar residues. In some embodiments, a 
mature glycan includes a core pentasaccharide structure and 
at least one N-acetylglucosamine. For the sake of clarity, 
high mannose glycans and hybrid glycans are not mature 
glycans.

As used herein, the term “glycoprotein preparation” refers 
to a set of individual glycoprotein molecules, each of which 
comprises a polypeptide having a particular amino acid 
sequence (which amino acid sequence includes at least one 
glycosylation site) and at least one glycan covalently 
attached to the at least one glycosylation site. Individual 
molecules of a particular glycoprotein within a glycoprotein 
preparation typically have identical amino acid sequences 
but may differ in the occupancy of the at least one glyco
sylation sites and/or in the identity of the glycans linked to 
the at least one of the glycosylation sites. That is, a glyco
protein preparation may contain only a single glycoform of 
a particular glycoprotein, but more typically contains a 
plurality of glycoforms. Different preparations of the same 
glycoprotein may differ in the identity of glycoforms present 
(e.g., a glycoform that is present in one preparation may be 
absent from another) and/or in the relative amounts of 
different glycoforms.

The term “glycoform” is used herein to refer to a par
ticular form of a glycoprotein. That is, when a glycoprotein 
includes a particular polypeptide that has the potential to be 
linked to different glycans or sets of glycans, then each 
different version of the glycoprotein (i.e., where the poly
peptide is linked to a particular glycan or set of glycans) is 
referred to as a “glycoform”.

“Reference glycoprotein”, as used herein, refers to a 
glycoprotein having substantially the same amino acid 
sequence as (e.g., having about 95-100% identical amino 
acids of) a glycoprotein described herein, e.g., a glycopro
tein to which it is compared. In some embodiments, a 
reference glycoprotein is a therapeutic glycoprotein 
described herein, e.g., an FDA approved therapeutic glyco
protein.

As used herein, an “N-glycosylation site of an Fc region” 
refers to an amino acid residue within an Fc region to which 
a glycan is N-linked.

“Target value”, as used herein, refers to a predetermined 
level of one or more particular glycans, such as fucosylated 
glycans, galactosylated glycans, high mannose glycans, and 
sialylated glycans. In some embodiments, a target value is an 
absolute value. In some embodiments, a target value is a 
relative value. In some embodiments, a target value is a level 
of one or more particular glycans, such as high mannose 
glycans (e.g, HM3, HM4, HM5, HM6, HM7, HM8, HM9, 
or combinations), fucosylated glycans (e.g, GOF, GIF, G2F, 
or combinations), galactosylated glycans (e.g, Gl, G2, GIF, 
G2F, Al, A2 or combinations) and/or sialylated glycans 
(e.g, monosialylated, disialylated, or combinations), in a 
reference glycoprotein product or described in a specifica
tion or master batch record for a pharmaceutical product.

In some embodiments, a target value refers to an absolute 
level of (e.g, number of moles of) one or more glycans (e.g, 
high mannose glycans (e.g, one or more species of high 
mannose glycans), fucosylated glycans (e.g, one or more 
species of fucosylated glycans), galactosylated glycans (e.g, 
one or more species of galactosylated glycans), and/or 
sialylated glycans (e.g, one or more species of sialylated
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antibodies, e.g., intact innnunoglobulins of types IgA, IgG, 
IgE, IgD, IgM (as well as subtypes thereof). The light chains 
of the innnunoglobulin can be of types kappa or lambda. In 
some embodiments, an antibody includes an Fe region. In 
some embodiments, an antibody is a therapeutic antibody. 

As used herein, the term "Fe region" refers to a dimer of 
two "Fe polypeptides", each "Fe polypeptide" comprising 
the constant region of an antibody excluding the first con
stant region innnunoglobulin domain. In some embodi
ments, an "Fe region" includes two Fe polypeptides linked 
by one or more disulfide bonds, chemical linkers, or peptide 
linkers. "Fe polypeptide" refers to the last two constant 
region innnunoglobulin domains of IgA, IgD, and IgG, and 
the last three constant region innnunoglobulin domains of 
IgE and IgM, and may also include part or all of the flexible 
hinge N-terminal to these domains. For IgG, "Fe polypep
tide" comprises innnunoglobulin domains Cgannna2 (Cy2) 
and Cgannna3 (Cy3) and the lower part of the hinge between 
Cgannnal (Cyl) and Cy2. Although the boundaries of the Fe 
polypeptide may vary, the human IgG heavy chain Fe 
polypeptide is usually defined to comprise residues starting 
at T223 or C226 or P230, to its carboxyl-terminus, wherein 
the numbering is according to the EU index as in Kabat et 
al. (1991, NIH Publication 91-3242, National Technical 
Information Services, Springfield, Va.). For IgA, Fe poly
peptide comprises innnunoglobulin domains Calpha2 (Ca2) 
and Calpha3 (Ca3) and the lower part of the hinge between 
Calphal (Cal) and Ca2. An Fe region can be synthetic, 
recombinant, or generated from natural sources such as 
IVIG. 

As used herein, a "glycan" is a sugar. Glycans can be 
monomers or polymers of sugar residues, but typically 
contain at least three sugars, and can be linear or branched. 
A glycan may include natural sugar residues (e.g., glucose, 
N-acetylglucosamine, N-acetyl neuraminic acid, galactose, 
mannose, fucose, hexose, arabinose, ribose, xylose, etc.) 
and/or modified sugars ( e.g., 2'-fluororibose, 2'-deoxyribose, 
phosphomannose, 6'-sulfo N-acetylglucosamine, etc). The 
term "glycan" includes homo and heteropolymers of sugar 
residues. The term "glycan" also encompasses a glycan 
component of a glycoconjugate ( e.g., of a glycoprotein, 
glycolipid, proteoglycan, etc.). The term also encompasses 
free glycans, including glycans that have been cleaved or 
otherwise released from a glycoconjugate. 
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embodiments, a galactosylated glycan is a tri-antennary 
glycan or a tetra-antennary glycan. 

As used herein, a "mature glycan" refers to a glycan that 
includes at least one sugar residue in addition to a core 

5 pentasaccharide structure, and does not include more than 
three mannose sugar residues. In some embodiments, a 
mature glycan includes a core pentasaccharide structure and 
at least one N-acetylglucosamine. For the sake of clarity, 
high mannose glycans and hybrid glycans are not mature 

10 glycans. 
As used herein, the term "glycoprotein preparation" refers 

to a set of individual glycoprotein molecules, each of which 
comprises a polypeptide having a particular amino acid 
sequence (which amino acid sequence includes at least one 

15 glycosylation site) and at least one glycan covalently 
attached to the at least one glycosylation site. Individual 
molecules of a particular glycoprotein within a glycoprotein 
preparation typically have identical amino acid sequences 
but may differ in the occupancy of the at least one glyco-

20 sylation sites and/or in the identity of the glycans linked to 
the at least one of the glycosylation sites. That is, a glyco
protein preparation may contain only a single glycoform of 
a particular glycoprotein, but more typically contains a 
plurality of glycoforms. Different preparations of the same 

25 glycoprotein may differ in the identity of glycoforms present 
( e.g., a glycoform that is present in one preparation may be 
absent from another) and/or in the relative amounts of 
different glycoforms. 

The term "glycoform" is used herein to refer to a par-
30 ticular form of a glycoprotein. That is, when a glycoprotein 

includes a particular polypeptide that has the potential to be 
linked to different glycans or sets of glycans, then each 
different version of the glycoprotein (i.e., where the poly
peptide is linked to a particular glycan or set of glycans) is 

35 referred to as a "glycoform". 
"Reference glycoprotein", as used herein, refers to a 

glycoprotein having substantially the same amino acid 
sequence as (e.g., having about 95-100% identical amino 
acids of) a glycoprotein described herein, e.g., a glycopro-

40 tein to which it is compared. In some embodiments, a 
reference glycoprotein is a therapeutic glycoprotein 
described herein, e.g., an FDA approved therapeutic glyco
protein. 

As used herein, an "N-glycosylation site of an Fe region" 
45 refers to an amino acid residue within an Fe region to which 

a glycan is N-linked. As used herein, a "high mannose glycan" refers to a 
glycan that includes at least 3 mannose sugar residues and 
that terminates in a mannose on a non-reducing end of the 
glycan. In some embodiments, a "high mannose glycan" 
includes at least 4, 5, 6, 7, 8, 9, 10, 11, or 12 mannose sugar 50 

residues. 

"Target value", as used herein, refers to a predetermined 
level of one or more particular glycans, such as fucosylated 
glycans, galactosylated glycans, high mannose glycans, and 
sialylated glycans. In some embodiments, a target value is an 
absolute value. In some embodiments, a target value is a 

As used herein, a "sialylated glycan" refers to a glycan 
that includes at least 1 sialic acid. In some embodiments, a 
sialylated glycan includes at least 1, 2, 3, or 4 sialic acids. 
In some embodiments, a sialylated glycan is a monosialy- 55 

lated glycan (e.g., a branched glycan monosialylated on an 
al-3 arm of the branched glycan (e.g., with a NeuAc-a2, 
6-Gal terminal linkage)), and/or a disialylated glycan (e.g., 

relative value. In some embodiments, a target value is a level 
of one or more particular glycans, such as high mannose 
glycans (e.g., HM3, HM4, HMS, HM6, HM7, HMS, HM9, 
or combinations), fucosylated glycans (e.g., G0F, GlF, G2F, 
or combinations), galactosylated glycans ( e.g., G 1, G2, G IF, 
G2F, Al, A2 or combinations) and/or sialylated glycans 
(e.g., monosialylated, disialylated, or combinations), in a 
reference glycoprotein product or described in a specifica-a branched glycan sialylated on both an al-3 arm and an 

al-6 arm of the branched glycan). 60 tion or master batch record for a pharmaceutical product. 
As used herein, a "galactosylated glycan" refers to a 

glycan that includes at least 1 galactose sugar residue. In 
some embodiments, a galactosylated glycan is a Gl, G2, 
GlF, G2F, Al, and/or A2 glycan. In some embodiments, a 
galactosylated glycan includes one or more lactosamine 65 

repeats. In some embodiments, a galactosylated glycan is a 
galactose-alpha-1-3-galactose-containing glycan. In some 

In some embodiments, a target value refers to an absolute 
level of ( e.g., number of moles of) one or more glycans ( e.g., 
high mannose glycans ( e.g., one or more species of high 
mannose glycans), fucosylated glycans (e.g., one or more 
species of fucosylated glycans ), galactosylated glycans ( e.g., 
one or more species of galactosylated glycans), and/or 
sialylated glycans (e.g., one or more species of sialylated 

Case 1:22-cv-01549-MN   Document 46-1   Filed 03/07/23   Page 537 of 557 PageID #: 9454



US 9,663,810 B2
15

glycans) in a glycoprotein preparation. In some embodi
ments, a target value refers to a level of one or more glycans 
(e.g., high mannose glycans (e.g., one or more species of 
high mannose glycans), fucosylated glycans (e.g., one or 
more species of fucosylated glycans), galactosylated glycans 
(e.g., one or more species of galactosylated glycans), and/or 
sialylated glycans (e.g., one or more species of sialylated 
glycans) in a glycoprotein preparation relative to total level 
of glycans in the glycoprotein preparation. In some embodi
ments, a target value is expressed as a “percent”, which 
refers to the number of moles of one or more glycans (e.g., 
Fc glycans) relative to total moles of glycans (e.g., Fc 
glycans) in a glycoprotein preparation. In some embodi
ments, “percent” refers to the number of moles of one or 
more PNGase F-released Fc glycans relative to total moles 
of PNGase F-released Fc glycans detected.
Cells

Any host cell that can be used to express a polypeptide of 
interest (e.g., an antibody) can be used in the methods 
described herein. The cells can be genetically engineered to 
contain a recombinant nucleic acid sequence, e.g., a gene, 
that encodes a polypeptide of interest (e.g., an antibody). For 
example, useful cells can express a recombinant polypep
tide. Recombinant expression of a gene encoding a poly
peptide can include construction of an expression vector 
containing a polynucleotide that encodes the polypeptide. 
Once a polynucleotide has been obtained, a vector for the 
production of the polypeptide can be produced by recom
binant DNA technology using techniques known in the art. 
Known methods can be used to construct expression vectors 
containing polypeptide coding sequences and appropriate 
transcriptional and translational control signals. These meth
ods include, for example, in vitro recombinant DNA tech
niques, synthetic techniques, and in vivo genetic recombi
nation.

An expression vector can be transferred to a host cell by 
conventional techniques, and the transfected cells can then 
be cultured by conventional techniques, modified in accor
dance with the present disclosure, to produce a recombinant 
polypeptide. A variety of host expression vector systems can 
be used (see, e.g., U.S. Pat. No. 5,807,715). Such host
expression systems (e.g., genetically engineered host 
expression systems) can be used to produce polypeptides 
(e.g., antibodies) and, where desired, subsequently purified. 
Such host expression systems include, but are not limited to, 
yeast (e.g., Saccharomyces and Pichia) transformed with 
recombinant yeast expression vectors containing polypep
tide coding sequences; insect cell systems infected with 
recombinant virus expression vectors (e.g., baculovirus) 
containing polypeptide coding sequences; plant cell systems 
infected with recombinant virus expression vectors (e.g., 
cauliflower mosaic virus, CaMV; tobacco mosaic virus, 
TMV) or transformed with recombinant plasmid expression 
vectors (e.g., Ti plasmid) containing polypeptide coding 
sequences; or mammalian cell systems (e.g., COS, CHO, 
BHK, 293, NSO, and 3T3 cells) harboring recombinant 
expression constructs containing promoters derived from the 
genome of mammalian cells (e.g., metallothionein pro
moter) or from mammalian viruses (e.g., the adenovirus late 
promoter; the vaccinia virus 7.5K promoter).

For expression in mammalian host cells, viral-based 
expression systems can be utilized (see, e.g., Logan et al., 
1984, Proc. Natl. Acad. Sci. USA 8:355-359). The efficiency 
of expression can be enhanced by the inclusion of appro
priate transcription enhancer elements, transcription termi
nators, etc. (see, e.g., Bittner et al., 1987, Methods in 
Enzymol. 153:516-544).
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In addition, a host cell strain can be chosen that modulates 

the expression of the inserted sequences, or modifies and 
processes the gene product in the specific fashion desired. 
Different host cells have characteristic and specific mecha
nisms for the post-translational processing and modification 
of proteins and gene products. Appropriate cell lines or host 
systems can be chosen to ensure the correct modification and 
processing of the polypeptide (e.g., antibody) expressed. 
Such cells include, for example, established mammalian cell 
lines and insect cell lines, animal cells, fungal cells, and 
yeast cells. Mammalian host cells include, but are not 
limited to, CHO, Vero, BHK, HeLa, COS, MDCK, HEK- 
293, NIH-3T3, W138, BT483, Hs578T, HTB2, BT20, 
T47D, NSO (a murine myeloma cell line that does not 
endogenously produce any immunoglobulin chains), 
CRL7O3O, HsS78Bst cells, PER.C6, SP2/0-Agl4, and 
hybridoma cells. Additional, nonlimiting examples of ani
mal or mammalian host cells include Chinese hamster ovary 
cells (CHO), such as CHO-K1 (ATCC CCL-61), DG44 
(Chasin et al., 1986, Som. Cell Molec. Genet., 12:555-556; 
and Kolkekar et al., 1997, Biochem., 36:10901-10909), 
CHO-DXB11 (G. Urlaub andL. A. Chasin, 1980 Proc. Natl. 
Acad. Sci., 77: 4216-4220. L. H. Graf, and L. A. Chasin 
1982, Molec. Cell. Biol., 2: 93-96), CHO-K1 Tet-On cell 
line (Clontech), CHO designated ECACC 85050302 
(CAMR, Salisbury, Wiltshire, UK), CHO clone 13 (GEIMG, 
Genova, IT), CHO clone B (GEIMG, Genova, IT), CHO- 
Kl/SF designated ECACC 93061607 (CAMR, Salisbury, 
Wiltshire, UK), RR-CHOK1 designated ECACC 92052129 
(CAMR, Salisbury, Wiltshire, UK), CHOKlsv (Edmonds et 
al. Mol. Biotech. 34:179-190 (2006)), CHO-S (Pichler et 
al, Biotechnol. Bioeng. 108:386-94 (2011)), dihydrofolate 
reductase negative CHO cells (CHO/-DHFR, Urlaub and 
Chasin, 1980, Proc. Natl. Acad. Sci. USA, 77:4216), and 
dpl2.CHO cells (U.S. Pat. No. 5,721,121); monkey kidney 
CV1 cells transformed by SV40 (COS cells, COS-7, ATCC 
CRL-1651); human embryonic kidney cells (e.g, 293 cells, 
or 293 cells subcloned for growth in suspension culture, 
Graham et al, 1977, J. Gen. Virol., 36:59); baby hamster 
kidney cells (BHK, ATCC CCL-10); monkey kidney cells 
(CV1, ATCC CCL-70); African green monkey kidney cells 
(VERO-76, ATCC CRL-1587; VERO, ATCC CCL-81); 
mouse sertoli cells (TM4, Mather, 1980, Biol. Reprod., 
23:243-251); human cervical carcinoma cells (HELA, 
ATCC CCL-2); canine kidney cells (MDCK, ATCC CCL- 
34); human lung cells (W138, ATCC CCL-75); human 
hepatoma cells (HEP-G2, HB 8065); mouse mammary 
tumor cells (MMT 060562, ATCC CCL-51); buffalo rat liver 
cells (BRL 3A, ATCC CRL-1442); TRI cells (Mather, 1982, 
Ann. NY Acad. Sci., 383:44-68); MCR 5 cells; and FS4 cells.

For long-term, high-yield production of recombinant pro
teins, host cells can be engineered to stably express a 
polypeptide (e.g, antibody). Host cells can be transformed 
with DNA controlled by appropriate expression control 
elements known in the art, including promoter, enhancer, 
sequences, transcription terminators, polyadenylation sites, 
and selectable markers. Methods commonly known in the 
art of recombinant DNA technology can be used to select a 
desired recombinant clone. In some embodiments, a cell is 
genetically engineered to increase level of expression of an 
endogenous polypeptide, e.g, by increasing transcription of 
a gene encoding the polypeptide and/or increasing mRNA 
stability. In some embodiments, transcription of a gene 
encoding a polypeptide is increased by: altering the regula
tory sequence of the endogenous gene, e.g, in a somatic cell, 
e.g, by the addition of a positive regulatory element, such as 
an enhancer or a DNA-binding site for a transcriptional 
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glycans) in a glycoprotein preparation. In some embodi
ments, a target value refers to a level of one or more glycans 
(e.g., high mannose glycans (e.g., one or more species of 
high mannose glycans), fucosylated glycans (e.g., one or 
more species offucosylated glycans), galactosylated glycans 5 

( e.g., one or more species of galactosylated glycans ), and/or 
sialylated glycans (e.g., one or more species of sialylated 
glycans) in a glycoprotein preparation relative to total level 

In addition, a host cell strain can be chosen that modulates 
the expression of the inserted sequences, or modifies and 
processes the gene product in the specific fashion desired. 
Different host cells have characteristic and specific mecha
nisms for the post-translational processing and modification 
of proteins and gene products. Appropriate cell lines or host 
systems can be chosen to ensure the correct modification and 
processing of the polypeptide (e.g., antibody) expressed. 

of glycans in the glycoprotein preparation. In some embodi
ments, a target value is expressed as a "percent", which 10 

refers to the number of moles of one or more glycans ( e.g., 

Such cells include, for example, established mammalian cell 
lines and insect cell lines, animal cells, fungal cells, and 
yeast cells. Mannnalian host cells include, but are not 

Fe glycans) relative to total moles of glycans (e.g., Fe 
glycans) in a glycoprotein preparation. In some embodi
ments, "percent" refers to the number of moles of one or 
more PNGase F-released Fe glycans relative to total moles 15 

of PNGase F-released Fe glycans detected. 

limited to, CHO, Vero, BHK, HeLa, COS, MDCK, HEK-
293, NIH-3T3, W138, BT483, Hs578T, HTB2, BT20, 
T47D, NS0 (a murine myeloma cell line that does not 
endogenously produce any immunoglobulin chains), 
CRL7O3O, HsS78Bst cells, PER.C6, SP2/0-Ag14, and 

Cells 
Any host cell that can be used to express a polypeptide of 

interest (e.g., an antibody) can be used in the methods 
described herein. The cells can be genetically engineered to 
contain a recombinant nucleic acid sequence, e.g., a gene, 
that encodes a polypeptide of interest ( e.g., an antibody). For 
example, useful cells can express a recombinant polypep
tide. Recombinant expression of a gene encoding a poly
peptide can include construction of an expression vector 
containing a polynucleotide that encodes the polypeptide. 
Once a polynucleotide has been obtained, a vector for the 
production of the polypeptide can be produced by recom
binant DNA technology using techniques known in the art. 
Known methods can be used to construct expression vectors 
containing polypeptide coding sequences and appropriate 
transcriptional and translational control signals. These meth
ods include, for example, in vitro recombinant DNA tech
niques, synthetic techniques, and in vivo genetic recombi
nation. 

An expression vector can be transferred to a host cell by 
conventional techniques, and the transfected cells can then 
be cultured by conventional techniques, modified in accor
dance with the present disclosure, to produce a recombinant 
polypeptide. A variety of host expression vector systems can 
be used (see, e.g., U.S. Pat. No. 5,807,715). Such host
expression systems ( e.g., genetically engineered host 
expression systems) can be used to produce polypeptides 
(e.g., antibodies) and, where desired, subsequently purified. 
Such host expression systems include, but are not limited to, 
yeast (e.g., Saccharomyces and Pichia) transformed with 
recombinant yeast expression vectors containing polypep
tide coding sequences; insect cell systems infected with 
recombinant virus expression vectors ( e.g., baculovirus) 
containing polypeptide coding sequences; plant cell systems 
infected with recombinant virus expression vectors ( e.g., 
cauliflower mosaic virus, CaMV; tobacco mosaic virus, 
TMV) or transformed with recombinant plasmid expression 
vectors (e.g., Ti plasmid) containing polypeptide coding 
sequences; or mannnalian cell systems (e.g., COS, CHO, 
BHK, 293, NS0, and 3T3 cells) harboring recombinant 
expression constructs containing promoters derived from the 
genome of mammalian cells ( e.g., metallothionein pro
moter) or from mammalian viruses ( e.g., the adenovirus late 
promoter; the vaccinia virus 7.5K promoter). 

For expression in mammalian host cells, viral-based 
expression systems can be utilized (see, e.g., Logan et al., 
1984, Proc. Natl. Acad. Sci. USA 8:355-359). The efficiency 
of expression can be enhanced by the inclusion of appro
priate transcription enhancer elements, transcription termi
nators, etc. (see, e.g., Bittner et al., 1987, Methods in 
Enzymol. 153:516-544). 

hybridoma cells. Additional, nonlimiting examples of ani
mal or mannnalian host cells include Chinese hamster ovary 
cells (CHO), such as CHO-Kl (ATCC CCL-61), DG44 

20 (Chasin et al., 1986, Som. Cell Malec. Genet., 12:555-556; 
and Kolkekar et al., 1997, Biochem., 36:10901-10909), 
CHO-DXBll (G. Urlaub and L.A. Chasin, l980Proc. Natl. 
Acad. Sci., 77: 4216-4220. L. H. Graf, and L. A. Chasin 
1982, Malec. Cell. Biol., 2: 93-96), CHO-Kl Tet-On cell 

25 line (Clontech), CHO designated ECACC 85050302 
(CAMR, Salisbury, Wiltshire, UK), CHO clone 13 (GEIMG, 
Genova, IT), CHO clone B (GEIMG, Genova, IT), CHO
Kl/SF designated ECACC 93061607 (CAMR, Salisbury, 
Wiltshire, UK), RR-CHOKl designated ECACC 92052129 

30 (CAMR, Salisbury, Wiltshire, UK), CHOKlsv (Edmonds et 
al., Mo!. Biotech. 34:179-190 (2006)), CHO-S (Pichler et 
al., Biotechnol. Bioeng. 108:386-94 (2011)), dihydrofolate 
reductase negative CHO cells (CHO/-DHFR, Urlaub and 
Chasin, 1980, Proc. Natl. Acad. Sci. USA, 77:4216), and 

35 dp12.CHO cells (U.S. Pat. No. 5,721,121); monkey kidney 
CVI cells transformed by SV40 (COS cells, COS-7, ATCC 
CRL-1651); human embryonic kidney cells (e.g., 293 cells, 
or 293 cells subcloned for growth in suspension culture, 
Graham et al., 1977, J. Gen. Viral., 36:59); baby hamster 

40 kidney cells (BHK, ATCC CCL-10); monkey kidney cells 
(CVI, ATCC CCL-70); African green monkey kidney cells 
(VERO-76, ATCC CRL-1587; VERO, ATCC CCL-81); 
mouse sertoli cells (TM4, Mather, 1980, Biol. Reprod., 
23:243-251 ); human cervical carcinoma cells (HELA, 

45 ATCC CCL-2); canine kidney cells (MDCK, ATCC CCL-
34); human lung cells (W138, ATCC CCL-75); human 
hepatoma cells (HEP-G2, HB 8065); mouse mannnary 
tumor cells (MMT 060562, ATCC CCL-51 ); buffalo rat liver 
cells (BRL 3A, ATCC CRL-1442); TRI cells (Mather, 1982, 

50 Ann. NY Acad. Sci., 383:44-68); MCR 5 cells; and FS4 cells. 
For long-term, high-yield production ofrecombinant pro

teins, host cells can be engineered to stably express a 
polypeptide (e.g., antibody). Host cells can be transformed 
with DNA controlled by appropriate expression control 

55 elements known in the art, including promoter, enhancer, 
sequences, transcription terminators, polyadenylation sites, 
and selectable markers. Methods commonly known in the 
art of recombinant DNA technology can be used to select a 
desired recombinant clone. In some embodiments, a cell is 

60 genetically engineered to increase level of expression of an 
endogenous polypeptide, e.g., by increasing transcription of 
a gene encoding the polypeptide and/or increasing mRNA 
stability. In some embodiments, transcription of a gene 
encoding a polypeptide is increased by: altering the regula-

65 tory sequence of the endogenous gene, e.g., in a somatic cell, 
e.g., by the addition of a positive regulatory element, such as 
an enhancer or a DNA-binding site for a transcriptional 
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activator; the deletion of a negative regulatory element, such 
as a DNA-binding site for a transcriptional repressor; and/or 
replacement of the endogenous regulatory sequence, or 
elements therein, with that of another gene, thereby allowing 
the coding region of the gene to be transcribed more 
efficiently.

Once a polypeptide described herein (e.g., an antibody 
described herein) has been produced by recombinant expres
sion, it can be purified by any method known in the art for 
purification, for example, by chromatography (e.g., ion 
exchange, affinity, and sizing column chromatography), cen
trifugation, differential solubility, or by any other standard 
technique for the purification of proteins. For example, an 
antibody can be isolated and purified by appropriately 
selecting and combining affinity columns such as Protein A 
column with chromatography columns, filtration, ultra fil
tration, salting-out and dialysis procedures (see Antibodies: 
A Laboratory Manual, Ed Harlow, David Lane, Cold Spring 
Harbor Laboratory, 1988). Further, as described herein, a 
polypeptide (e.g., an antibody) can be fused to heterologous 
polypeptide sequences to facilitate purification. Polypep
tides having desired sugar chains can be separated with a 
lectin column by methods known in the art (see, e.g., WO 
02/30954).

In accordance with the present disclosure, there may be 
employed conventional molecular biology, microbiology, 
and recombinant DNA techniques within the skill of the art. 
Such techniques are described in the literature (see, e.g., 
Sambrook, Fritsch & Maniatis, Molecular Cloning: A Labo
ratory Manual, Second Edition (1989) Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, N.Y.; DNA Cloning: 
A Practical Approach, Volumes I and II (D. N. Glover ed. 
1985); Oligonucleotide Synthesis (M. J. Gait ed. 1984); 
Nucleic Acid Hybridization (B. D. Hames & S. J. Higgins 
eds. (1985)); Transcription And Translation (B. D. Hames & 
S. J. Higgins, eds. (1984)); Animal Cell Culture (R. I. 
Freshney, ed. (1986)); Immobilized Cells and Enzymes (IRL 
Press, (1986)); B. Perbal, A Practical Guide To Molecular 
Cloning (1984); F. M. Ausubel et al. (eds.), Current Proto
cols in Molecular Biology, John Wiley & Sons, Inc. (1994). 
Culture Methods

In general, polypeptides (e.g., antibodies) having target 
levels of glycans (e.g., fucosylated glycans, galactosylated 
glycans, high mannose glycans, and sialylated glycans) can 
be produced by culturing cells in media that contains 
putrescine, e.g., a particular, effective level of putrescine 
(e.g., during one or more stages of culture).

In some embodiments, cells genetically engineered to 
express a polypeptide are cultured (e.g., at one or more 
stages of culture) in a medium that includes putrescine, e.g., 
an elevated level of putrescine, to decrease levels of high 
mannose glycans and/or GOF glycans in a preparation of the 
polypeptide expressed by the cells. In some embodiments, a 
level of high mannose glycans and/or GOF glycans is 
decreased relative to the corresponding level(s) in a prepa
ration of the polypeptide produced using the same medium 
that does not include putrescine, e.g., an elevated level of 
putrescine. In some embodiments, the decreased level of 
high mannose glycans and/or GOF glycans is lower than the 
corresponding level(s) by at least about 10%, 20%, 30%, 
40%, 50%, 60%, 70%, 80%, 90%, 95%, or 100%, of the 
corresponding level.

In some embodiments, cells genetically engineered to 
express a polypeptide are cultured (e.g., at one or more 
stages of culture) in a medium that includes putrescine, e.g., 
an elevated level of putrescine, to increase levels of fuco
sylated glycans, galactosylated glycans, sialylated glycans, 
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GIF glycans, and/or G2F glycans, in a preparation of the 
polypeptide expressed by the cells. In some embodiments, a 
level of fucosylated glycans, galactosylated glycans, sialy
lated glycans, GIF glycans, and/or G2F glycans is increased 
relative to the corresponding level(s) in a preparation of the 
polypeptide produced using the same medium that does not 
include putrescine, e.g., an elevated level of putrescine. In 
some embodiments, the increased level of fucosylated gly
cans, galactosylated glycans, sialylated glycans, GIF gly
cans, and/or G2F glycans is higher than the corresponding 
level(s) by at least about 10%, 20%, 30%, 40%, 50%, 60%, 
70%, 80%, 90%, 100%, 150%, 200%, 250%, 300%, 350%, 
400%, 450%, 500%, or more, of the corresponding level.

In some embodiments, cells genetically engineered to 
express a polypeptide are cultured (e.g., at one or more 
stages of culture) in a medium that includes a reduced level 
of putrescine, e.g., does not include putrescine, to increase 
levels of high mannose glycans and/or GOF glycans in a 
preparation of the polypeptide expressed by the cells. In 
some embodiments, a level of high mannose glycans and/or 
GOF glycans is increased relative to the corresponding 
level(s) in a preparation of the polypeptide produced using 
the same medium that does not include a reduced level of 
putrescine. In some embodiments, the increased level of 
high mannose glycans and/or GOF glycans is higher than the 
corresponding level(s) by at least about 10%, 20%, 30%, 
40%, 50%, 60%, 70%, 80%, 90%, 100%, 150%, 200%, 
250%, 300%, 350%, 400%, 450%, 500%, or more, of the 
corresponding level.

In some embodiments, cells genetically engineered to 
express a polypeptide are cultured (e.g., at one or more 
stages of culture) in a medium that includes a reduced level 
of putrescine, e.g., does not include putrescine, to decrease 
levels of fucosylated glycans, galactosylated glycans, sialy
lated glycans, GIF glycans, and/or G2F glycans in a prepa
ration of the polypeptide expressed by the cells. In some 
embodiments, a level of fucosylated glycans, galactosylated 
glycans, sialylated glycans, GIF glycans, and/or G2F gly
cans is decreased relative to the corresponding level(s) in a 
preparation of the polypeptide produced using the same 
medium that does not include a reduced level of putrescine. 
In some embodiments, the decreased level of fucosylated 
glycans, galactosylated glycans, sialylated glycans, GIF 
glycans, and/or G2F glycans is lower than the corresponding 
level(s) by at least about 10%, 20%, 30%, 40%, 50%, 60%, 
70%, 80%, 90%, 95%, or 100%, of the corresponding level.

As used herein, an “elevated level of putrescine” means a 
higher concentration of putrescine than is present in a 
standard medium, a starting medium, a medium used at one 
or more stages of culture, and/or in a medium in which a 
polypeptide is produced. In some embodiments, putrescine 
is not present in a standard and/or starting medium, a 
medium used at one or more other stages of culture, and/or 
in a medium in which a polypeptide is produced, and an 
“elevated level” is any amount of putrescine. A medium can 
include an elevated level of putrescine initially (i.e., at the 
start of a culture), and/or medium can be supplemented with 
putrescine to achieve an elevated level of putrescine at a 
particular time or times (e.g., at one or more stages) during 
culturing.

In some embodiments, an elevated level of putrescine is 
an increase of at least about 10%, 20%, 30%, 40%, 50%, 
60%, 70%, 80%, 90%, 100%, 150%, 200%, 250%, 300%, 
350%, 400%, 450%, 500%, 550%, 600%, 650%, 700%, 
750%, 800%, 850%, 900%, 950%, 1000% or more, relative 
to a level of putrescine in a standard medium, a starting 
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activator; the deletion of a negative regulatory element, such 
as a DNA-binding site for a transcriptional repressor; and/or 
replacement of the endogenous regulatory sequence, or 
elements therein, with that of another gene, thereby allowing 
the coding region of the gene to be transcribed more 
efficiently. 

18 
GlF glycans, and/or G2F glycans, in a preparation of the 
polypeptide expressed by the cells. In some embodiments, a 
level of fucosylated glycans, galactosylated glycans, sialy
lated glycans, G IF glycans, and/or G2F glycans is increased 

5 relative to the corresponding level(s) in a preparation of the 
polypeptide produced using the same medium that does not 
include putrescine, e.g., an elevated level of putrescine. In 
some embodiments, the increased level of fucosylated gly
cans, galactosylated glycans, sialylated glycans, GlF gly-

lO cans, and/or G2F glycans is higher than the corresponding 
level(s) by at least about 10%, 20%, 30%, 40%, 50%, 60%, 
70%, 80%, 90%, 100%, 150%, 200%, 250%, 300%, 350%, 
400%, 450%, 500%, or more, of the corresponding level. 

Once a polypeptide described herein ( e.g., an antibody 
described herein) has been produced by recombinant expres
sion, it can be purified by any method known in the art for 
purification, for example, by chromatography ( e.g., ion 
exchange, affinity, and sizing colunm chromatography), cen
trifugation, differential solubility, or by any other standard 
technique for the purification of proteins. For example, an 
antibody can be isolated and purified by appropriately 
selecting and combining affinity colunms such as Protein A 15 

colunm with chromatography colurmis, filtration, ultra fil
tration, salting-out and dialysis procedures (see Antibodies: 

In some embodiments, cells genetically engineered to 
express a polypeptide are cultured (e.g., at one or more 
stages of culture) in a medium that includes a reduced level 
of putrescine, e.g., does not include putrescine, to increase 
levels of high mannose glycans and/or G0F glycans in a 

A Laboratory Manual, Ed Harlow, David Lane, Cold Spring 
Harbor Laboratory, 1988). Further, as described herein, a 
polypeptide (e.g., an antibody) can be fused to heterologous 
polypeptide sequences to facilitate purification. Polypep
tides having desired sugar chains can be separated with a 
lectin column by methods known in the art (see, e.g., WO 
02/30954). 

20 preparation of the polypeptide expressed by the cells. In 
some embodiments, a level of high mannose glycans and/or 
G0F glycans is increased relative to the corresponding 
level(s) in a preparation of the polypeptide produced using 
the same medium that does not include a reduced level of 

In accordance with the present disclosure, there may be 25 

employed conventional molecular biology, microbiology, 
and recombinant DNA techniques within the skill of the art. 
Such techniques are described in the literature (see, e.g., 
Sambrook, Fritsch & Maniatis, Molecular Cloning: A Labo
ratory Manual, Second Edition (1989) Cold Spring Harbor 30 

Laboratory Press, Cold Spring Harbor, N.Y.; DNA Cloning: 

putrescine. In some embodiments, the increased level of 
high mannose glycans and/or G0F glycans is higher than the 
corresponding level(s) by at least about 10%, 20%, 30%, 
40%, 50%, 60%, 70%, 80%, 90%, 100%, 150%, 200%, 
250%, 300%, 350%, 400%, 450%, 500%, or more, of the 
corresponding level. 

In some embodiments, cells genetically engineered to 
express a polypeptide are cultured (e.g., at one or more 
stages of culture) in a medium that includes a reduced level 
of putrescine, e.g., does not include putrescine, to decrease 
levels of fucosylated glycans, galactosylated glycans, sialy
lated glycans, GlF glycans, and/or G2F glycans in a prepa-

A Practical Approach, Volumes I and II (D. N. Glover ed. 
1985); Oligonucleotide Synthesis (M. J. Gait ed. 1984); 
Nucleic Acid Hybridization (B. D. Hames & S. J. Higgins 
eds. (1985)); Transcription And Translation (B. D. Hames & 35 

S. J. Higgins, eds. (1984)); Animal Cell Culture (R. I. 
Freshney, ed. (1986)); Immobilized Cells and Enzymes (IRL 
Press, (1986)); B. Perbal, A Practical Guide To Molecular 
Cloning (1984); F. M. Ausubel et al. (eds.), Current Proto
cols in Molecular Biology, John Wiley & Sons, Inc. (1994). 40 

Culture Methods 

ration of the polypeptide expressed by the cells. In some 
embodiments, a level offucosylated glycans, galactosylated 
glycans, sialylated glycans, GlF glycans, and/or G2F gly
cans is decreased relative to the corresponding level(s) in a 
preparation of the polypeptide produced using the same 

In general, polypeptides (e.g., antibodies) having target 
levels of glycans (e.g., fucosylated glycans, galactosylated 
glycans, high mannose glycans, and sialylated glycans) can 
be produced by culturing cells in media that contains 
putrescine, e.g., a particular, effective level of putrescine 
(e.g., during one or more stages of culture). 

In some embodiments, cells genetically engineered to 
express a polypeptide are cultured ( e.g., at one or more 
stages of culture) in a medium that includes putrescine, e.g., 
an elevated level of putrescine, to decrease levels of high 
mannose glycans and/or G0F glycans in a preparation of the 
polypeptide expressed by the cells. In some embodiments, a 
level of high mannose glycans and/or G0F glycans is 
decreased relative to the corresponding level(s) in a prepa
ration of the polypeptide produced using the same medium 
that does not include putrescine, e.g., an elevated level of 
putrescine. In some embodiments, the decreased level of 
high mannose glycans and/or G0F glycans is lower than the 
corresponding level(s) by at least about 10%, 20%, 30%, 
40%, 50%, 60%, 70%, 80%, 90%, 95%, or 100%, of the 
corresponding level. 

In some embodiments, cells genetically engineered to 
express a polypeptide are cultured ( e.g., at one or more 
stages of culture) in a medium that includes putrescine, e.g., 
an elevated level of putrescine, to increase levels of fuco
sylated glycans, galactosylated glycans, sialylated glycans, 

medium that does not include a reduced level of putrescine. 
In some embodiments, the decreased level of fucosylated 
glycans, galactosylated glycans, sialylated glycans, GlF 

45 glycans, and/or G2F glycans is lower than the corresponding 
level(s) by at least about 10%, 20%, 30%, 40%, 50%, 60%, 
70%, 80%, 90%, 95%, or 100%, of the corresponding level. 

As used herein, an "elevated level of putrescine" means a 
higher concentration of putrescine than is present in a 

50 standard medium, a starting medium, a medium used at one 
or more stages of culture, and/or in a medium in which a 
polypeptide is produced. In some embodiments, putrescine 
is not present in a standard and/or starting medium, a 
medium used at one or more other stages of culture, and/or 

55 in a medium in which a polypeptide is produced, and an 
"elevated level" is any amount of putrescine. A medium can 
include an elevated level of putrescine initially (i.e., at the 
start of a culture), and/or medium can be supplemented with 
putrescine to achieve an elevated level of putrescine at a 

60 particular time or times ( e.g., at one or more stages) during 
culturing. 

In some embodiments, an elevated level of putrescine is 
an increase of at least about 10%, 20%, 30%, 40%, 50%, 
60%, 70%, 80%, 90%, 100%, 150%, 200%, 250%, 300%, 

65 350%, 400%, 450%, 500%, 550%, 600%, 650%, 700%, 
750%, 800%, 850%, 900%, 950%, 1000% or more, relative 
to a level of putrescine in a standard medium, a starting 
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medium, a medium during one or more stages of culture, 
and/or in a medium in which a polypeptide is produced.

In some embodiments, an elevated level of putrescine is 
an increase in level of putrescine by at least about 0.1 mg/L, 
0.2 mg/L, 0.3 mg/L, 0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 
mg/L, 0.8 mg/L, 0.9 mg/L, 1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 
mg/L, 3 mg/L, 3.5 mg/L, 4 mg/L, 4.5 mg/L, 5 mg/L, 5.5 
mg/L, 6 mg/L, 6.5 mg/L, 7 mg/L, 7.5 mg/L, 8 mg/L, 8.5 
mg/L, 9 mg/L, 9.5 mg/L, 10 mg/L, or more.

In some embodiments, an elevated level of putrescine is 
about 0.01 mg/L, 0.05 mg/L, 0.1 mg/L, 0.2 mg/L, 0.3 mg/L, 
0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 
mg/L, 1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 mg/L, 3 mg/L, 3.5
mg/L, 4 mg/L, 4.5 mg/L, 5 mg/L, 5.5 mg/L, 6 mg/L, 6.5
mg/L, 7 mg/L, 7.5 mg/L, 8 mg/L, 8.5 mg/L, 9 mg/L, 9.5
mg/L, 10 mg/L, 15 mg/L, 20 mg/L, 25 mg/L, 30 mg/L, 35
mg/L, 40 mg/L, or more. In some embodiments, an elevated 
level of putrescine is about 0.1 mg/L to about 10 mg/L, about 
0.1 mg/L to about 1 mg/L, about 1 mg/L to about 2 mg/L, 
about 2 mg/L to about 3 mg/L, about 3 mg/L to about 4 
mg/L, about 4 mg/L to about 5 mg/L, about 5 mg/L to about 
6 mg/L, about 6 mg/L to about 7 mg/L, about 7 mg/L to 
about 8 mg/L, about 8 mg/L to about 9 mg/L, about 9 mg/L 
to about 10 mg/L, about 1 mg/L to about 5 mg/L, about 5 
mg/L to about 10 mg/L, about 0.1 mg/L to about 0.5 mg/L, 
or about 0.5 mg/L to about 1 mg/L putrescine.

As used herein, a “reduced level of putrescine” means a 
lower concentration of putrescine than is present in a stan
dard medium, a starting medium, a medium used at one or 
more stages of culture, and/or in a medium in which a 
polypeptide is produced. A medium can include a reduced 
level of putrescine initially (i.e., at the start of a culture), a 
medium can be diluted at a particular time or times (e.g., at 
one or more stages) during culturing to reduce the level of 
putrescine, and/or a medium can be replaced with a medium 
having a reduced level of putrescine at a particular time or 
times (e.g., at one or more stages) during culturing. In some 
embodiments, a reduced level of putrescine is no putrescine 
or no detectable level of putrescine in a medium.

In some embodiments, a reduced level of putrescine is a 
decrease of at least about 10%, 20%, 30%, 40%, 50%, 60%, 
70%, 80%, 90%, or 100%, relative to a level of putrescine 
in a standard medium, a starting medium, a medium during 
one or more stages of culture, and/or in a medium in which 
a polypeptide is produced.

In some embodiments, a reduced level of putrescine is a 
decrease by at least about 0.1 mg/L, 0.2 mg/L, 0.3 mg/L, 0.4 
mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 mg/L, 
1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 mg/L, 3 mg/L, 3.5 mg/L, 4 
mg/L, 4.5 mg/L, 5 mg/L, 5.5 mg/L, 6 mg/L, 6.5 mg/L, 7 
mg/L, 7.5 mg/L, 8 mg/L, 8.5 mg/L, 9 mg/L, 9.5 mg/L, 10 
mg/L, or more.

In some embodiments, a reduced level of putrescine is
less than about 10 mg/L, 9.5 mg/L, 9 mg/L, 8.5 mg/L, 8
mg/L, 7.5 mg/L, 7 mg/L, 6.5 mg/L, 6 mg/L, 5.5 mg/L, 5
mg/L, 4.5 mg/L, 4 mg/L, 3.5 mg/L, 3 mg/L, 2.5 mg/L, 2
mg/L, 1.5 mg/L, 1 mg/L, 0.9 mg/L, 0.8 mg/L, 0.7 mg/L, 0.6 
mg/L, 0.5 mg/L, 0.4 mg/L, 0.3 mg/L, 0.2 mg/L, 0.1 mg/L, 
0.05 mg/L, 0.01 mg/L, or less.

Cells can be cultured in a variety of cell culture media 
known in the art, which are modified according to the 
disclosure to include putrescine as described herein. Cell 
culture medium is understood by those of skill in the art to 
refer to a nutrient solution in which cells, such as animal or 
mammalian cells, are grown. A cell culture medium gener
ally includes one or more of the following components: an 
energy source (e.g., a carbohydrate such as glucose); amino 
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acids; vitamins; lipids or free fatty acids; and trace elements, 
e.g., inorganic compounds or naturally occurring elements 
in the micromolar range. Cell culture medium can also 
contain additional components, such as hormones and other 
growth factors (e.g., insulin, transferrin, epidermal growth 
factor, serum, and the like); salts (e.g., calcium, magnesium 
and phosphate); buffers (e.g., HEPES); nucleosides and 
bases (e.g., adenosine, thymidine, hypoxanthine); antibiotics 
(e.g., gentamycin); and cell protective agents (e.g., a 
Pluronic polyol (Pluronic F68)).

In some embodiments, in addition to an elevated or 
reduced level of putrescine, a cell culture medium includes 
lysine, cysteine, ammonium, manganese, cobalt, copper, a 
peptone, glucose, galactose, galactosamine, glucosamine, 
glutamine, a lipid (e.g., cholesterol), DMSO, and/or dextran 
sulfate. For example, a culture medium can include about 
0.1 g/L to about 30 g/L lysine; about 0.1 g/L to about 1 g/L 
cysteine; about 1 mM to about 50 mM ammonium; about 
0.01 mM to about 0.5 mM manganese; about 0.1 mg/L to 
about 30 mg/L cobalt; about 1 μΜ to about 10 mM copper; 
about 0.1 g/L to about 10 g/L glucose; about 0.5 g/L to about 
30 g/L peptone, e.g., a non-animal derived peptone such as 
soy or cottonseed; about 1 μΜ to about 1 mM galac
tosamine; about 0.1 g/L to about 5 g/L glucosamine; about 
0.5% to about 5% DMSO, and/or about 0.01 g/L to about 0.1 
g/L dextran sulfate.

Media that has been prepared or commercially available 
can be modified according to the present disclosure for 
utilization in the methods described herein. Nonlimiting 
examples of such media include Minimal Essential Medium 
(MEM, Sigma, St. Louis, Mo.); Elam’s F10 Medium 
(Sigma); Dulbecco’s Modified Eagles Medium (DMEM, 
Sigma); RPM 1-1640 Medium (Sigma); HyClone cell cul
ture medium (HyClone, Logan, Utah); Power CHO2 (Lonza 
Inc., Allendale, N.J.); and chemically-defined (CD) media, 
which are formulated for particular cell types, e.g., CD-CHO 
Medium (Invitrogen, Carlsbad, Calif.). Culture medium 
suitable for particular cells being cultured can be determined 
by a person of ordinary skill in the art without undue 
experimentation, and such medium can be altered according 
to the disclosure.

Cell culture conditions (including pH, O2, CO2, agitation 
rate and temperature) suitable for cellular production of 
polypeptides described herein (e.g., antibodies) are those 
that are known in the art, such as conditions for batch, 
continuous, or fed-batch culturing of cells. For example, pH 
of cell culture medium is generally maintained at about 6.8 
to about 7.2.

In some embodiments, cells are cultured in one or more 
stages, and cells can be cultured in medium having an 
elevated or reduced level of putrescine in one or more 
stages. For example, a culture method can include a first 
stage (e.g., using a medium having a reduced level of 
putrescine) and a second stage (e.g., using a medium having 
an elevated level of putrescine). In some embodiments, a 
culture method can include a first stage (e.g., using a 
medium having an elevated level of putrescine) and a second 
stage (e.g., using a medium having a reduced level of 
putrescine). In some embodiments, a culture method 
includes more than two stages, e.g., 3,4,5, 6, or more stages, 
and any stage can include medium having an elevated level 
of putrescine or a reduced level of putrescine. The length of 
culture is not limiting. For example, a culture method can be 
5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, ormore 
days. In some embodiments, a culture method includes at 
least two stages. For example, a first stage can include 
culturing cells in medium having a reduced level of 
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medium, a medium during one or more stages of culture, 
and/or in a medium in which a polypeptide is produced. 

In some embodiments, an elevated level of putrescine is 
an increase in level of putrescine by at least about 0.1 mg/L, 
0.2 mg/L, 0.3 mg/L, 0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 5 

mg/L, 0.8 mg/L, 0.9 mg/L, 1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 
mg/L, 3 mg/L, 3.5 mg/L, 4 mg/L, 4.5 mg/L, 5 mg/L, 5.5 
mg/L, 6 mg/L, 6.5 mg/L, 7 mg/L, 7.5 mg/L, 8 mg/L, 8.5 
mg/L, 9 mg/L, 9.5 mg/L, 10 mg/L, or more. 

In some embodiments, an elevated level of putrescine is 10 

about 0.01 mg/L, 0.05 mg/L, 0.1 mg/L, 0.2 mg/L, 0.3 mg/L, 
0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 
mg/L, 1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 mg/L, 3 mg/L, 3.5 
mg/L, 4 mg/L, 4.5 mg/L, 5 mg/L, 5.5 mg/L, 6 mg/L, 6.5 
mg/L, 7 mg/L, 7.5 mg/L, 8 mg/L, 8.5 mg/L, 9 mg/L, 9.5 15 

mg/L, 10 mg/L, 15 mg/L, 20 mg/L, 25 mg/L, 30 mg/L, 35 
mg/L, 40 mg/L, or more. In some embodiments, an elevated 
level of putrescine is about 0.1 mg/L to about 10 mg/L, about 
0.1 mg/L to about 1 mg/L, about 1 mg/L to about 2 mg/L, 
about 2 mg/L to about 3 mg/L, about 3 mg/L to about 4 20 

mg/L, about 4 mg/L to about 5 mg/L, about 5 mg/L to about 
6 mg/L, about 6 mg/L to about 7 mg/L, about 7 mg/L to 
about 8 mg/L, about 8 mg/L to about 9 mg/L, about 9 mg/L 
to about 10 mg/L, about 1 mg/L to about 5 mg/L, about 5 
mg/L to about 10 mg/L, about 0.1 mg/L to about 0.5 mg/L, 25 

or about 0.5 mg/L to about 1 mg/L putrescine. 
As used herein, a "reduced level of putrescine" means a 

lower concentration of putrescine than is present in a stan
dard medium, a starting medium, a medium used at one or 
more stages of culture, and/or in a medium in which a 30 

polypeptide is produced. A medium can include a reduced 
level of putrescine initially (i.e., at the start of a culture), a 
medium can be diluted at a particular time or times ( e.g., at 
one or more stages) during culturing to reduce the level of 
putrescine, and/or a medium can be replaced with a medium 35 

having a reduced level of putrescine at a particular time or 
times (e.g., at one or more stages) during culturing. In some 
embodiments, a reduced level of putrescine is no putrescine 
or no detectable level of putrescine in a medium. 

In some embodiments, a reduced level of putrescine is a 40 

decrease of at least about 10%, 20%, 30%, 40%, 50%, 60%, 
70%, 80%, 90%, or 100%, relative to a level of putrescine 
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acids; vitamins; lipids or free fatty acids; and trace elements, 
e.g., inorganic compounds or naturally occurring elements 
in the micromolar range. Cell culture medium can also 
contain additional components, such as hormones and other 
growth factors (e.g., insulin, transferrin, epidermal growth 
factor, serum, and the like); salts (e.g., calcium, magnesium 
and phosphate); buffers (e.g., HEPES); nucleosides and 
bases ( e.g., adenosine, thymidine, hypoxanthine ); antibiotics 
(e.g., gentamycin); and cell protective agents (e.g., a 
Pluronic polyol (Pluronic F68)). 

In some embodiments, in addition to an elevated or 
reduced level of putrescine, a cell culture medium includes 
lysine, cysteine, ammonium, manganese, cobalt, copper, a 
peptone, glucose, galactose, galactosamine, glucosamine, 
glutamine, a lipid (e.g., cholesterol), DMSO, and/or dextran 
sulfate. For example, a culture medium can include about 
0.1 g/L to about 30 g/L lysine; about 0.1 g/L to about 1 g/L 
cysteine; about 1 mM to about 50 mM ammonium; about 
0.01 mM to about 0.5 mM manganese; about 0.1 mg/L to 
about 30 mg/L cobalt; about 1 µM to about 10 mM copper; 
about 0.1 g/L to about 10 g/L glucose; about 0.5 g/L to about 
30 g/L peptone, e.g., a non-animal derived peptone such as 
soy or cottonseed; about 1 µM to about 1 mM galac
tosamine; about 0.1 g/L to about 5 g/L glucosamine; about 
0.5% to about 5% DMSO, and/or about 0.01 g/L to about 0.1 
g/L dextran sulfate. 

Media that has been prepared or commercially available 
can be modified according to the present disclosure for 
utilization in the methods described herein. Nonlimiting 
examples of such media include Minimal Essential Medium 
(MEM, Sigma, St. Louis, Mo.); Ham's Fl0 Medium 
(Sigma); Dulbecco's Modified Eagles Medium (DMEM, 
Sigma); RPM I-1640 Medium (Sigma); HyClone cell cul
ture medium (HyClone, Logan, Utah); Power CHO2 (Lonza 
Inc., Allendale, N.J.); and chemically-defined (CD) media, 
which are formulated for particular cell types, e.g., CD-CHO 
Medium (Invitrogen, Carlsbad, Calif.). Culture medium 
suitable for particular cells being cultured can be determined 
by a person of ordinary skill in the art without undue 
experimentation, and such medium can be altered according 
to the disclosure. 

Cell culture conditions (including pH, 0 2 , CO2 , agitation 
rate and temperature) suitable for cellular production of 
polypeptides described herein ( e.g., antibodies) are those 

in a standard medium, a starting medium, a medium during 
one or more stages of culture, and/or in a medium in which 
a polypeptide is produced. 

In some embodiments, a reduced level of putrescine is a 
decrease by at least about 0.1 mg/L, 0.2 mg/L, 0.3 mg/L, 0.4 
mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 mg/L, 

45 that are known in the art, such as conditions for batch, 
continuous, or fed-batch culturing of cells. For example, pH 
of cell culture medium is generally maintained at about 6.8 
to about 7.2. 

1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 mg/L, 3 mg/L, 3.5 mg/L, 4 
mg/L, 4.5 mg/L, 5 mg/L, 5.5 mg/L, 6 mg/L, 6.5 mg/L, 7 50 

mg/L, 7.5 mg/L, 8 mg/L, 8.5 mg/L, 9 mg/L, 9.5 mg/L, 10 
mg/L, or more. 

In some embodiments, a reduced level of putrescine is 
less than about 10 mg/L, 9.5 mg/L, 9 mg/L, 8.5 mg/L, 8 
mg/L, 7.5 mg/L, 7 mg/L, 6.5 mg/L, 6 mg/L, 5.5 mg/L, 5 55 

mg/L, 4.5 mg/L, 4 mg/L, 3.5 mg/L, 3 mg/L, 2.5 mg/L, 2 
mg/L, 1.5 mg/L, 1 mg/L, 0.9 mg/L, 0.8 mg/L, 0.7 mg/L, 0.6 
mg/L, 0.5 mg/L, 0.4 mg/L, 0.3 mg/L, 0.2 mg/L, 0.1 mg/L, 
0.05 mg/L, 0.01 mg/L, or less. 

Cells can be cultured in a variety of cell culture media 60 

known in the art, which are modified according to the 
disclosure to include putrescine as described herein. Cell 
culture medium is understood by those of skill in the art to 
refer to a nutrient solution in which cells, such as animal or 
mammalian cells, are grown. A cell culture medium gener- 65 

ally includes one or more of the following components: an 
energy source (e.g., a carbohydrate such as glucose); amino 

In some embodiments, cells are cultured in one or more 
stages, and cells can be cultured in medium having an 
elevated or reduced level of putrescine in one or more 
stages. For example, a culture method can include a first 
stage (e.g., using a medium having a reduced level of 
putrescine) and a second stage ( e.g., using a medium having 
an elevated level of putrescine). In some embodiments, a 
culture method can include a first stage (e.g., using a 
medium having an elevated level of putrescine) and a second 
stage (e.g., using a medium having a reduced level of 
putrescine ). In some embodiments, a culture method 
includes more than two stages, e.g., 3, 4, 5, 6, or more stages, 
and any stage can include medium having an elevated level 
of putrescine or a reduced level of putrescine. The length of 
culture is not limiting. For example, a culture method can be 
5,6, 7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,20,ormore 
days. In some embodiments, a culture method includes at 
least two stages. For example, a first stage can include 
culturing cells in medium having a reduced level of 
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putrescine (e.g., for about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, ormore 
days), and a second stage can include culturing cells in 
medium having an elevated level of putrescine (e.g., for 
about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more days).

In some embodiments, cells are cultured in an initial 
medium having a reduced level of putrescine for 5 days, and 
medium having an elevated of putrescine is added to the 
culture of cells on day 6.

In some embodiments, a first stage of culture is a growth 
stage. Generally, during a growth stage, a cell culture 
undergoes a period of exponential cell growth (the log 
phase) where cells are generally rapidly dividing. In some 
embodiments, cells are cultured under such conditions such 
that cell growth is maximized. The growth cycle and con
ditions for maximizing growth of host cells can be deter
mined for a particular host cell by a person of ordinary skill 
in the art without undue experimentation. In some embodi
ments, cells are maintained in a growth stage for a period of 
between 1 and 10 days. In some embodiments, cells are 
cultured in a medium having a reduced level of putrescine or 
an elevated level of putrescine for all or part of a growth 
stage.

In some embodiments, a second stage of culture is a 
production stage. Generally, during a production stage, cell 
growth has plateaued or is maintained at a near constant 
level. During a production stage, logarithmic cell growth has 
ended and polypeptide production is increased. During this 
period of time, a medium can generally be supplemented to 
support continued polypeptide production and to achieve a 
desired polypeptide product. In some embodiments, cells are 
maintained in a production stage for a period of between 1 
and 10 days. In some embodiments, cells are cultured in a 
medium having a reduced level of putrescine or an elevated 
level of putrescine for all or part of a production stage.

In general, cell culture methods are classified as batch 
culture, continuous culture, and fed-batch culture. Any of 
these culture methods can be used to grow cells that produce 
polypeptides (e.g., antibodies) having targeted levels of 
glycans (e.g., fucosylated glycans, galactosylated glycans, 
high mannose glycans, and sialylated glycans).

In some embodiments, polypeptides (e.g., antibodies) 
having target levels of glycans (e.g., fucosylated glycans, 
galactosylated glycans, high mannose glycans, and sialy
lated glycans) are produced by culturing cells in media that 
contains one or more polyamines Such polyamines include, 
without limitation, putrescine, spermine, spermidine, and 
cadaverine (see, e.g., Kusano et al., Planta 228:367-381 
(2008)). In some embodiments, cells are cultured in a culture 
medium having an elevated level or a reduced level of one 
or more polyamines.

Batch Culture
In batch culture, a small amount of seed culture solution 

is added to a medium and cells are grown without any 
addition of a new medium or discharge of culture solution 
during culture. For the production of polypeptides (e.g., 
antibodies) having targeted levels of glycans (e.g., fucosy
lated glycans, galactosylated glycans, high mannose gly
cans, and sialylated glycans) using batch culture, the 
medium comprises an elevated level or a reduced level of 
putrescine at an initial stage of cell culture.

In some embodiments, polypeptides (e.g., antibodies) 
having targeted levels of glycans (e.g., fucosylated glycans, 
galactosylated glycans, high mannose glycans, and sialy
lated glycans) are produced by batch culture of cells 
expressing the polypeptide in a medium having an elevated 
level of putrescine. In some embodiments, cells are cultured 
in a medium having at least about 0.01 mg/L, 0.05 mg/L, 0.1 
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mg/L, 0.2 mg/L, 0.3 mg/L, 0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 
0.7 mg/L, 0.8 mg/L, 0.9 mg/L, 1 mg/L, 1.5 mg/L, 2 mg/L, 
2.5 mg/L, 3 mg/L, 3.5 mg/L, 4 mg/L, 4.5 mg/L, 5 mg/L, 5.5 
mg/L, 6 mg/L, 6.5 mg/L, 7 mg/L, 7.5 mg/L, 8 mg/L, 8.5 
mg/L, 9 mg/L, 9.5 mg/L, 10 mg/L, 15 mg/L, 20 mg/L, 25 
mg/L, 30 mg/L, 35 mg/L, 40 mg/L, or more, putrescine. In 
some embodiments, cells are cultured in a medium having at 
least about 0.1 mg/L to about 10 mg/L, about 0.1 mg/L to 
about 1 mg/L, about 1 mg/L to about 2 mg/L, about 2 mg/L 
to about 3 mg/L, about 3 mg/L to about 4 mg/L, about 4 
mg/L to about 5 mg/L, about 5 mg/L to about 6 mg/L, about 
6 mg/L to about 7 mg/L, about 7 mg/L to about 8 mg/L, 
about 8 mg/L to about 9 mg/L, about 9 mg/L to about 10 
mg/L, about 1 mg/L to about 5 mg/L, about 5 mg/L to about 
10 mg/L, about 0.1 mg/L to about 0.5 mg/L, or about 0.5 
mg/L to about 1 mg/L putrescine.

In some embodiments, polypeptides (e.g., antibodies) 
having targeted levels of glycans (fucosylated glycans, 
galactosylated glycans, high mannose glycans, and sialy
lated glycans) are produced by batch culture of cells 
expressing the polypeptide in a medium having a reduced 
level of putrescine. In some embodiments, cells are cultured 
in a medium having less than about 10 mg/L, 9.5 mg/L, 9 
mg/L, 8.5 mg/L, 8 mg/L, 7.5 mg/L, 7 mg/L, 6.5 mg/L, 6 
mg/L, 5.5 mg/L, 5 mg/L, 4.5 mg/L, 4 mg/L, 3.5 mg/L, 3 
mg/L, 2.5 mg/L, 2 mg/L, 1.5 mg/L, 1 mg/L, 0.9 mg/L, 0.8 
mg/L, 0.7 mg/L, 0.6 mg/L, 0.5 mg/L, 0.4 mg/L, 0.3 mg/L, 
0.2 mg/L, 0.1 mg/L, 0.05 mg/L, 0.01 mg/L, or less 
putrescine.

Continuous Culture
Continuous culture is a culture method in which a 

medium is added and discharged continuously during cul
ture. This continuous method includes perfusion culture. For 
example, in the production of polypeptides (e.g., antibodies) 
having targeted levels of glycans (e.g., fucosylated glycans, 
galactosylated glycans, high mannose glycans, and sialy
lated glycans) using continuous culture, level of putrescine 
in the medium can be adjusted at one or more stages of 
culture to result in an elevated level or a reduced level of 
putrescine. In certain methods, culture medium used at a first 
stage of culture does not include an elevated level or a 
reduced level of putrescine, but at a particular time point 
during continuous culture (such as during all or part of a 
growth stage and/or a production stage), medium added 
during culture is elevated or reduced in the level of 
putrescine.

In some embodiments, polypeptides (e.g., antibodies) 
having targeted levels of glycans (e.g., fucosylated glycans, 
galactosylated glycans, high mannose glycans, and sialy
lated glycans) are produced by continuous culture of cells 
expressing the polypeptide in a medium having an elevated 
level of putrescine (e.g., during one or more stages of 
continuous culture). In some embodiments, cells are cul
tured, during one or more stages of continuous culture, in a 
medium having at least about 0.01 mg/L, 0.05 mg/L, 0.1 
mg/L, 0.2 mg/L, 0.3 mg/L, 0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 
0.7 mg/L, 0.8 mg/L, 0.9 mg/L, 1 mg/L, 1.5 mg/L, 2 mg/L, 
2.5 mg/L, 3 mg/L, 3.5 mg/L, 4 mg/L, 4.5 mg/L, 5 mg/L, 5.5 
mg/L, 6 mg/L, 6.5 mg/L, 7 mg/L, 7.5 mg/L, 8 mg/L, 8.5 
mg/L, 9 mg/L, 9.5 mg/L, 10 mg/L, 15 mg/L, 20 mg/L, 25 
mg/L, 30 mg/L, 35 mg/L, 40 mg/L, or more, putrescine. In 
some embodiments, cells are cultured, during one or more 
stages of continuous culture, in a medium having at least 
about 0.1 mg/L to about 10 mg/L, about 0.1 mg/L to about 
1 mg/L, about 1 mg/L to about 2 mg/L, about 2 mg/L to 
about 3 mg/L, about 3 mg/L to about 4 mg/L, about 4 mg/L 
to about 5 mg/L, about 5 mg/L to about 6 mg/L, about 6 
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putrescine (e.g., for about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more 
days), and a second stage can include culturing cells in 
medium having an elevated level of putrescine ( e.g., for 
about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more days). 

In some embodiments, cells are cultured in an initial 5 

medium having a reduced level of putrescine for 5 days, and 
medium having an elevated of putrescine is added to the 
culture of cells on day 6. 

In some embodiments, a first stage of culture is a growth 
stage. Generally, during a growth stage, a cell culture 10 

undergoes a period of exponential cell growth (the log 
phase) where cells are generally rapidly dividing. In some 
embodiments, cells are cultured under such conditions such 
that cell growth is maximized. The growth cycle and con
ditions for maximizing growth of host cells can be deter- 15 

mined for a particular host cell by a person of ordinary skill 
in the art without undue experimentation. In some embodi
ments, cells are maintained in a growth stage for a period of 
between 1 and 10 days. In some embodiments, cells are 
cultured in a medium having a reduced level of putrescine or 20 

an elevated level of putrescine for all or part of a growth 
stage. 

In some embodiments, a second stage of culture is a 
production stage. Generally, during a production stage, cell 
growth has plateaued or is maintained at a near constant 25 

level. During a production stage, logarithmic cell growth has 
ended and polypeptide production is increased. During this 
period of time, a medium can generally be supplemented to 
support continued polypeptide production and to achieve a 
desired polypeptide product. In some embodiments, cells are 30 

maintained in a production stage for a period of between 1 
and 10 days. In some embodiments, cells are cultured in a 
medium having a reduced level of putrescine or an elevated 
level of putrescine for all or part of a production stage. 

22 
mg/L, 0.2 mg/L, 0.3 mg/L, 0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 
0.7 mg/L, 0.8 mg/L, 0.9 mg/L, 1 mg/L, 1.5 mg/L, 2 mg/L, 
2.5 mg/L, 3 mg/L, 3.5 mg/L, 4 mg/L, 4.5 mg/L, 5 mg/L, 5.5 
mg/L, 6 mg/L, 6.5 mg/L, 7 mg/L, 7.5 mg/L, 8 mg/L, 8.5 
mg/L, 9 mg/L, 9.5 mg/L, 10 mg/L, 15 mg/L, 20 mg/L, 25 
mg/L, 30 mg/L, 35 mg/L, 40 mg/L, or more, putrescine. In 
some embodiments, cells are cultured in a medium having at 
least about 0.1 mg/L to about 10 mg/L, about 0.1 mg/L to 
about 1 mg/L, about 1 mg/L to about 2 mg/L, about 2 mg/L 
to about 3 mg/L, about 3 mg/L to about 4 mg/L, about 4 
mg/L to about 5 mg/L, about 5 mg/L to about 6 mg/L, about 
6 mg/L to about 7 mg/L, about 7 mg/L to about 8 mg/L, 
about 8 mg/L to about 9 mg/L, about 9 mg/L to about 10 
mg/L, about 1 mg/L to about 5 mg/L, about 5 mg/L to about 
10 mg/L, about 0.1 mg/L to about 0.5 mg/L, or about 0.5 
mg/L to about 1 mg/L putrescine. 

In some embodiments, polypeptides ( e.g., antibodies) 
having targeted levels of glycans (fucosylated glycans, 
galactosylated glycans, high mannose glycans, and sialy
lated glycans) are produced by batch culture of cells 
expressing the polypeptide in a medium having a reduced 
level of putrescine. In some embodiments, cells are cultured 
in a medium having less than about 10 mg/L, 9.5 mg/L, 9 
mg/L, 8.5 mg/L, 8 mg/L, 7.5 mg/L, 7 mg/L, 6.5 mg/L, 6 
mg/L, 5.5 mg/L, 5 mg/L, 4.5 mg/L, 4 mg/L, 3.5 mg/L, 3 
mg/L, 2.5 mg/L, 2 mg/L, 1.5 mg/L, 1 mg/L, 0.9 mg/L, 0.8 
mg/L, 0.7 mg/L, 0.6 mg/L, 0.5 mg/L, 0.4 mg/L, 0.3 mg/L, 
0.2 mg/L, 0.1 mg/L, 0.05 mg/L, 0.01 mg/L, or less 
putrescine. 

Continuous Culture 
Continuous culture is a culture method in which a 

medium is added and discharged continuously during cul
ture. This continuous method includes perfusion culture. For 
example, in the production of polypeptides ( e.g., antibodies) 
having targeted levels of glycans ( e.g., fucosylated glycans, 
galactosylated glycans, high mannose glycans, and sialy
lated glycans) using continuous culture, level of putrescine 
in the medium can be adjusted at one or more stages of 
culture to result in an elevated level or a reduced level of 

In general, cell culture methods are classified as batch 35 

culture, continuous culture, and fed-batch culture. Any of 
these culture methods can be used to grow cells that produce 
polypeptides ( e.g., antibodies) having targeted levels of 
glycans (e.g., fucosylated glycans, galactosylated glycans, 
high mannose glycans, and sialylated glycans). 

In some embodiments, polypeptides ( e.g., antibodies) 
having target levels of glycans (e.g., fucosylated glycans, 
galactosylated glycans, high mannose glycans, and sialy
lated glycans) are produced by culturing cells in media that 
contains one or more polyamines Such polyamines include, 45 

without limitation, putrescine, spermine, spermidine, and 
cadaverine (see, e.g., Kusano et al., Planta 228:367-381 
(2008) ). In some embodiments, cells are cultured in a culture 
medium having an elevated level or a reduced level of one 

40 putrescine. In certain methods, culture medium used at a first 
stage of culture does not include an elevated level or a 
reduced level of putrescine, but at a particular time point 
during continuous culture ( such as during all or part of a 

or more polyamines. 
Batch Culture 
In batch culture, a small amount of seed culture solution 

is added to a medium and cells are grown without any 
addition of a new medium or discharge of culture solution 
during culture. For the production of polypeptides (e.g., 
antibodies) having targeted levels of glycans (e.g., fucosy
lated glycans, galactosylated glycans, high marmose gly
cans, and sialylated glycans) using batch culture, the 
medium comprises an elevated level or a reduced level of 
putrescine at an initial stage of cell culture. 

In some embodiments, polypeptides ( e.g., antibodies) 
having targeted levels of glycans ( e.g., fucosylated glycans, 
galactosylated glycans, high mannose glycans, and sialy
lated glycans) are produced by batch culture of cells 
expressing the polypeptide in a medium having an elevated 
level of putrescine. In some embodiments, cells are cultured 
in a medium having at least about 0.01 mg/L, 0.05 mg/L, 0.1 

growth stage and/or a production stage), medium added 
during culture is elevated or reduced in the level of 
putrescine. 

In some embodiments, polypeptides ( e.g., antibodies) 
having targeted levels of glycans ( e.g., fucosylated glycans, 
galactosylated glycans, high mannose glycans, and sialy-

50 lated glycans) are produced by continuous culture of cells 
expressing the polypeptide in a medium having an elevated 
level of putrescine (e.g., during one or more stages of 
continuous culture). In some embodiments, cells are cul
tured, during one or more stages of continuous culture, in a 

55 medium having at least about 0.01 mg/L, 0.05 mg/L, 0.1 
mg/L, 0.2 mg/L, 0.3 mg/L, 0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 
0.7 mg/L, 0.8 mg/L, 0.9 mg/L, 1 mg/L, 1.5 mg/L, 2 mg/L, 
2.5 mg/L, 3 mg/L, 3.5 mg/L, 4 mg/L, 4.5 mg/L, 5 mg/L, 5.5 
mg/L, 6 mg/L, 6.5 mg/L, 7 mg/L, 7.5 mg/L, 8 mg/L, 8.5 

60 mg/L, 9 mg/L, 9.5 mg/L, 10 mg/L, 15 mg/L, 20 mg/L, 25 
mg/L, 30 mg/L, 35 mg/L, 40 mg/L, or more, putrescine. In 
some embodiments, cells are cultured, during one or more 
stages of continuous culture, in a medium having at least 
about 0.1 mg/L to about 10 mg/L, about 0.1 mg/L to about 

65 1 mg/L, about 1 mg/L to about 2 mg/L, about 2 mg/L to 
about 3 mg/L, about 3 mg/L to about 4 mg/L, about 4 mg/L 
to about 5 mg/L, about 5 mg/L to about 6 mg/L, about 6 
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mg/L to about 7 mg/L, about 7 mg/L to about 8 mg/L, about
8 mg/L to about 9 mg/L, about 9 mg/L to about 10 mg/L, 
about 1 mg/L to about 5 mg/L, about 5 mg/L to about 10 
mg/L, about 0.1 mg/L to about 0.5 mg/L, or about 0.5 mg/L 
to about 1 mg/L putrescine.

In some embodiments, cells are cultured, during one or 
more stages of continuous culture, in a medium having a 
reduced level of putrescine. In some embodiments, cells are 
cultured, during one or more stages of continuous culture, in 
a medium having less than about 10 mg/L, 9.5 mg/L, 9 
mg/L, 8.5 mg/L, 8 mg/L, 7.5 mg/L, 7 mg/L, 6.5 mg/L, 6 
mg/L, 5.5 mg/L, 5 mg/L, 4.5 mg/L, 4 mg/L, 3.5 mg/L, 3 
mg/L, 2.5 mg/L, 2 mg/L, 1.5 mg/L, 1 mg/L, 0.9 mg/L, 0.8 
mg/L, 0.7 mg/L, 0.6 mg/L, 0.5 mg/L, 0.4 mg/L, 0.3 mg/L, 
0.2 mg/L, 0.1 mg/L, 0.05 mg/L, 0.01 mg/L, or less 
putrescine.

Fed-Batch Culture
Fed-batch culture is a method between batch culture and 

continuous culture. In a fed-batch culture, a cell culture is 
fed or supplemented continuously or sequentially during 
culture, but unlike continuous culture, discharge of culture 
solution is not carried out during culture. For example, for 
the production of polypeptides (e.g., antibodies) having 
targeted levels of glycans (e.g., fucosylated glycans, galac- 
tosylated glycans, high mannose glycans, and sialylated 
glycans) using fed-batch culture, medium added during one 
or more stages of culture can have an elevated level or a 
reduced level of putrescine.

In some embodiments, polypeptides (e.g., antibodies) 
having targeted levels of glycans (e.g., fucosylated glycans, 
galactosylated glycans, high mannose glycans, and sialy
lated glycans) are produced by adding medium (at one or 
more stages) to a fed batch culture of cells expressing the 
polypeptide sufficient to achieve (at one or more stages) an 
elevated level of putrescine. In some embodiments, at least 
about 0.01 mg/L, 0.05 mg/L, 0.1 mg/L, 0.2 mg/L, 0.3 mg/L, 
0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 
mg/L, 1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 mg/L, 3 mg/L, 3.5
mg/L, 4 mg/L, 4.5 mg/L, 5 mg/L, 5.5 mg/L, 6 mg/L, 6.5
mg/L, 7 mg/L, 7.5 mg/L, 8 mg/L, 8.5 mg/L, 9 mg/L, 9.5
mg/L, 10 mg/L, 15 mg/L, 20 mg/L, 25 mg/L, 30 mg/L, 35
mg/L, 40 mg/L, or more, putrescine in the culture medium 
is achieved (e.g., by adding or supplementing with 
putrescine, e.g., at one or more stages). In some embodi
ments, a level of putrescine of at least about 0.1 mg/L to 
about 10 mg/L, about 0.1 mg/L to about 1 mg/L, about 1 
mg/L to about 2 mg/L, about 2 mg/L to about 3 mg/L, about 
3 mg/L to about 4 mg/L, about 4 mg/L to about 5 mg/L, 
about 5 mg/L to about 6 mg/L, about 6 mg/L to about 7 
mg/L, about 7 mg/L to about 8 mg/L, about 8 mg/L to about
9 mg/L, about 9 mg/L to about 10 mg/L, about 1 mg/L to 
about 5 mg/L, about 5 mg/L to about 10 mg/L, about 0.1 
mg/L to about 0.5 mg/L, or about 0.5 mg/L to about 1 mg/L, 
is achieved.

In some embodiments, polypeptides (e.g., antibodies) 
having targeted levels of glycans (e.g., fucosylated glycans, 
galactosylated glycans, high mannose glycans, and sialy
lated glycans) are produced by adding medium (at one or 
more stages) to a fed batch culture of cells expressing the 
polypeptide sufficient to achieve (at one or more stages) a 
reduced level of putrescine. In some embodiments, less than 
about 10 mg/L, 9.5 mg/L, 9 mg/L, 8.5 mg/L, 8 mg/L, 7.5
mg/L, 7 mg/L, 6.5 mg/L, 6 mg/L, 5.5 mg/L, 5 mg/L, 4.5
mg/L, 4 mg/L, 3.5 mg/L, 3 mg/L, 2.5 mg/L, 2 mg/L, 1.5
mg/L, 1 mg/L, 0.9 mg/L, 0.8 mg/L, 0.7 mg/L, 0.6 mg/L, 0.5
mg/L, 0.4 mg/L, 0.3 mg/L, 0.2 mg/L, 0.1 mg/L, 0.05 mg/L, 
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0.01 mg/L, or less putrescine in the culture medium is 
achieved (at one or more stages).

According to the present disclosure, cell culture can be 
carried out under conditions for large or small scale pro
duction of polypeptides (e.g., antibodies), using culture 
vessels and/or culture apparatuses that are conventionally 
employed for animal or mammalian cell culture. For 
example, tissue culture dishes, T-flasks, shaker flasks, and 
spinner flasks can be used on a laboratory scale. For cul
turing on a larger scale (e.g., 1 L, 10 L, 100 L, 500 L, 5000 
L, or more), a fluidized bed bioreactor, a hollow fiber 
bioreactor, a roller bottle culture, or a stirred tank bioreactor 
system can be used (e.g., as described in U.S. Pat. Nos. 
7,541,164 and 7,332,303).

In particular methods, levels of one or more glycans 
(fucosylated glycans, galactosylated glycans, high mannose 
glycans, and sialylated glycans) in a preparation of poly
peptides (e.g., antibodies) are monitored during one or more 
times (e.g., one or more stages) of cell culture, thereby 
allowing adjustment (e.g., increasing or decreasing the 
amount of putrescine in the culture) or possibly termination 
of the culture in order, for example, to achieve a target level 
of polypeptides (e.g., antibodies) having targeted levels of 
glycans (e.g., fucosylated glycans, galactosylated glycans, 
high mannose glycans, and sialylated glycans).
Polypeptides

Described herein are therapeutic preparations of polypep
tides (e.g., glycoproteins), and methods of making and using 
such preparations. Glycoproteins include, for example, any 
of a variety of hematologic agents (including, for instance, 
erythropoietin, blood-clotting factors, etc.), interferons, 
colony stimulating factors, antibodies, enzymes, and hor
mones. The identity of a particular glycoprotein is not 
intended to limit the present disclosure, and a therapeutic 
preparation described herein can include any glycoprotein of 
interest, e.g., a glycoprotein having an Fc region.

A glycoprotein described herein can include a target
binding domain that binds to a target of interest (e.g., binds 
to an antigen). For example, a glycoprotein, such as an 
antibody, can bind to a transmembrane polypeptide (e.g., 
receptor) or ligand (e.g., a growth factor). Exemplary 
molecular targets (e.g., antigens) for glycoproteins described 
herein (e.g., antibodies) include CD proteins such as CD2, 
CD3, CD4, CD8, CD11, CD19, CD20, CD22, CD25, CD33, 
CD34, CD40, CD52; members of the ErbB receptor family 
such as the EGF receptor (EGFR, HERl, ErbB 1), HER2 
(ErbB2), HER3 (ErbB3) or HER4 (ErbB4) receptor; mac
rophage receptors such as CRIg; tumor necrosis factors such 
as TNFa or TRAIL/Apo-2; cell adhesion molecules such as 
LFA-1, Macl, pl50, 95, VLA-4, ICAM-1, VCAM and ανβ3 
integrin including either a or β subunits thereof (e.g., 
anti-CDlla, anti-CD18 or anti-CDllb antibodies); growth 
factors and receptors such as EGF, FGFR (e.g., FGFR3) and 
VEGF; IgE; cytokines such as IL1; cytokine receptors such 
as IL2 receptor; blood group antigens; flk2/flt3 receptor; 
obesity (OB) receptor; mpl receptor; CTLA-4; protein C; 
neutropilins; ephrins and receptors; netrins and receptors; 
slit and receptors; chemokines and chemokine receptors 
such as CCL5, CCR4, CCR5; amyloid beta; complement 
factors, such as complement factor D; lipoproteins, such as 
oxidized LDL (oxLDL); lymphotoxins, such as lymphotoxin 
alpha (LTa). Other molecular targets include Tweak, B7RP- 
1, proprotein convertase subtilisin/kexin type 9 (PCSK9), 
sclerostin, c-kit, Tie-2, c-fms, and anti-Ml.

Reference Polypeptides
In some embodiments, described herein are therapeutic 

polypeptide (e.g., glycoprotein) having targeted levels of 
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mg/L to about 7 mg/L, about 7 mg/L to about 8 mg/L, about 
8 mg/L to about 9 mg/L, about 9 mg/L to about 10 mg/L, 
about 1 mg/L to about 5 mg/L, about 5 mg/L to about 10 
mg/L, about 0.1 mg/L to about 0.5 mg/L, or about 0.5 mg/L 
to about 1 mg/L putrescine. 

In some embodiments, cells are cultured, during one or 
more stages of continuous culture, in a medium having a 
reduced level of putrescine. In some embodiments, cells are 
cultured, during one or more stages of continuous culture, in 

24 
0.01 mg/L, or less putrescine in the culture medium is 
achieved (at one or more stages). 

According to the present disclosure, cell culture can be 
carried out under conditions for large or small scale pro-

5 duction of polypeptides (e.g., antibodies), using culture 
vessels and/or culture apparatuses that are conventionally 
employed for animal or mammalian cell culture. For 
example, tissue culture dishes, T-flasks, shaker flasks, and 
spinner flasks can be used on a laboratory scale. For cul-

10 turing on a larger scale (e.g., 1 L, 10 L, 100 L, 500 L, 5000 
L, or more), a fluidized bed bioreactor, a hollow fiber 
bioreactor, a roller bottle culture, or a stirred tank bioreactor 
system can be used (e.g., as described in U.S. Pat. Nos. 

a medium having less than about 10 mg/L, 9.5 mg/L, 9 
mg/L, 8.5 mg/L, 8 mg/L, 7.5 mg/L, 7 mg/L, 6.5 mg/L, 6 
mg/L, 5.5 mg/L, 5 mg/L, 4.5 mg/L, 4 mg/L, 3.5 mg/L, 3 
mg/L, 2.5 mg/L, 2 mg/L, 1.5 mg/L, 1 mg/L, 0.9 mg/L, 0.8 
mg/L, 0.7 mg/L, 0.6 mg/L, 0.5 mg/L, 0.4 mg/L, 0.3 mg/L, 

15 
0.2 mg/L, 0.1 mg/L, 0.05 mg/L, 0.01 mg/L, or less 

7,541,164 and 7,332,303). 
In particular methods, levels of one or more glycans 

(fucosylated glycans, galactosylated glycans, high mannose 
glycans, and sialylated glycans) in a preparation of poly
peptides ( e.g., antibodies) are monitored during one or more 
times (e.g., one or more stages) of cell culture, thereby 

putrescine. 
Fed-Batch Culture 
Fed-batch culture is a method between batch culture and 

continuous culture. In a fed-batch culture, a cell culture is 
fed or supplemented continuously or sequentially during 
culture, but unlike continuous culture, discharge of culture 
solution is not carried out during culture. For example, for 
the production of polypeptides (e.g., antibodies) having 
targeted levels of glycans (e.g., fucosylated glycans, galac
tosylated glycans, high mannose glycans, and sialylated 
glycans) using fed-batch culture, medium added during one 
or more stages of culture can have an elevated level or a 
reduced level of putrescine. 

In some embodiments, polypeptides ( e.g., antibodies) 
having targeted levels of glycans ( e.g., fucosylated glycans, 
galactosylated glycans, high mannose glycans, and sialy
lated glycans) are produced by adding medium ( at one or 
more stages) to a fed batch culture of cells expressing the 
polypeptide sufficient to achieve (at one or more stages) an 
elevated level of putrescine. In some embodiments, at least 
about 0.01 mg/L, 0.05 mg/L, 0.1 mg/L, 0.2 mg/L, 0.3 mg/L, 
0.4 mg/L, 0.5 mg/L, 0.6 mg/L, 0.7 mg/L, 0.8 mg/L, 0.9 
mg/L, 1 mg/L, 1.5 mg/L, 2 mg/L, 2.5 mg/L, 3 mg/L, 3.5 
mg/L, 4 mg/L, 4.5 mg/L, 5 mg/L, 5.5 mg/L, 6 mg/L, 6.5 
mg/L, 7 mg/L, 7.5 mg/L, 8 mg/L, 8.5 mg/L, 9 mg/L, 9.5 
mg/L, 10 mg/L, 15 mg/L, 20 mg/L, 25 mg/L, 30 mg/L, 35 
mg/L, 40 mg/L, or more, putrescine in the culture medium 
is achieved (e.g., by adding or supplementing with 
putrescine, e.g., at one or more stages). In some embodi
ments, a level of putrescine of at least about 0.1 mg/L to 
about 10 mg/L, about 0.1 mg/L to about 1 mg/L, about 1 
mg/L to about 2 mg/L, about 2 mg/L to about 3 mg/L, about 
3 mg/L to about 4 mg/L, about 4 mg/L to about 5 mg/L, 
about 5 mg/L to about 6 mg/L, about 6 mg/L to about 7 
mg/L, about 7 mg/L to about 8 mg/L, about 8 mg/L to about 
9 mg/L, about 9 mg/L to about 10 mg/L, about 1 mg/L to 
about 5 mg/L, about 5 mg/L to about 10 mg/L, about 0.1 
mg/L to about 0.5 mg/L, or about 0.5 mg/L to about 1 mg/L, 
is achieved. 

20 allowing adjustment ( e.g., increasing or decreasing the 
amount of putrescine in the culture) or possibly termination 
of the culture in order, for example, to achieve a target level 
of polypeptides (e.g., antibodies) having targeted levels of 
glycans (e.g., fucosylated glycans, galactosylated glycans, 

25 high mannose glycans, and sialylated glycans). 
Polypeptides 

Described herein are therapeutic preparations of polypep
tides ( e.g., glycoproteins ), and methods of making and using 
such preparations. Glycoproteins include, for example, any 

30 of a variety of hematologic agents (including, for instance, 
erythropoietin, blood-clotting factors, etc.), interferons, 
colony stimulating factors, antibodies, enzymes, and hor
mones. The identity of a particular glycoprotein is not 
intended to limit the present disclosure, and a therapeutic 

35 preparation described herein can include any glycoprotein of 
interest, e.g., a glycoprotein having an Fe region. 

A glycoprotein described herein can include a target
binding domain that binds to a target of interest ( e.g., binds 
to an antigen). For example, a glycoprotein, such as an 

40 antibody, can bind to a transmembrane polypeptide (e.g., 
receptor) or ligand (e.g., a growth factor). Exemplary 
molecular targets ( e.g., antigens) for glycoproteins described 
herein (e.g., antibodies) include CD proteins such as CD2, 
CD3, CD4, CDS, CDll, CD19, CD20, CD22, CD25, CD33, 

45 CD34, CD40, CD52; members of the ErbB receptor family 
such as the EGF receptor (EGFR, HERl, ErbBl), HER2 
(ErbB2), HER3 (ErbB3) or HER4 (ErbB4) receptor; mac
rophage receptors such as CRig; tumor necrosis factors such 
as TNFa or TRAIL/Apo-2; cell adhesion molecules such as 

50 LFA-1, Mac 1, pl 50, 95, VLA-4, ICAM-1, VCAMandav~3 
integrin including either a or ~ subunits thereof (e.g., 
anti-CDlla, anti-CD18 or anti-CDllb antibodies); growth 
factors and receptors such as EGF, FGFR ( e.g., FGFR3) and 
VEGF; IgE; cytokines such as ILl; cytokine receptors such 

55 as IL2 receptor; blood group antigens; flk2/flt3 receptor; 
obesity (OB) receptor; mpl receptor; CTLA-4; protein C; 
neutropilins; ephrins and receptors; netrins and receptors; 
slit and receptors; chemokines and chemokine receptors 
such as CCL5, CCR4, CCR5; amyloid beta; complement 

In some embodiments, polypeptides ( e.g., antibodies) 
having targeted levels of glycans ( e.g., fucosylated glycans, 
galactosylated glycans, high mannose glycans, and sialy
lated glycans) are produced by adding medium ( at one or 
more stages) to a fed batch culture of cells expressing the 
polypeptide sufficient to achieve (at one or more stages) a 
reduced level of putrescine. In some embodiments, less than 
about 10 mg/L, 9.5 mg/L, 9 mg/L, 8.5 mg/L, 8 mg/L, 7.5 
mg/L, 7 mg/L, 6.5 mg/L, 6 mg/L, 5.5 mg/L, 5 mg/L, 4.5 
mg/L, 4 mg/L, 3.5 mg/L, 3 mg/L, 2.5 mg/L, 2 mg/L, 1.5 65 

mg/L, 1 mg/L, 0.9 mg/L, 0.8 mg/L, 0.7 mg/L, 0.6 mg/L, 0.5 
mg/L, 0.4 mg/L, 0.3 mg/L, 0.2 mg/L, 0.1 mg/L, 0.05 mg/L, 

60 factors, such as complement factor D; lipoproteins, such as 
oxidized LD L ( oxLD L); lymphotoxins, such as lymphotoxin 
alpha (LTa). Other molecular targets include Tweak, B7RP-
1, proprotein convertase subtilisin/kexin type 9 (PCSK9), 
sclerostin, c-kit, Tie-2, c-fms, and anti-Ml. 

Reference Polypeptides 
In some embodiments, described herein are therapeutic 

polypeptide ( e.g., glycoprotein) having targeted levels of 
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glycans (e.g., fucosylated glycans, galactosylated glycans, 
high mannose glycans, and sialylated glycans), where the 
targeted levels are the levels of glycans (e.g., fucosylated 
glycans, galactosylated glycans, high mannose glycans, and 
sialylated glycans) in a reference polypeptide product (e.g., 
glycoprotein product). Nonlimiting, exemplary reference 
glycoprotein products can include abatacept (Orencia®, 
Bristol-Myers Squibb), abciximab (ReoPro®, Roche), adali- 
mumab (Humira®, Bristol-Myers Squibb), aflibercept (Ey- 
lea®, Regeneron Pharmaceuticals), alefacept (Amevive®, 
Astellas Pharma), alemtuzumab (Campath®, Genzyme/ 
Bayer), basiliximab (Simulect®, Novartis), belatacept (Nu- 
lojix®, Bristol-Myers Squibb), belimumab (Benlysta®, 
GlaxoSmithKline), bevacizumab (Avastin®, Roche), 
canakinumab (Haris®, Novartis), brentuximab vedotin (Ad- 
cetris®, Seattle Genetics), certolizumab (CIMZIA®, UCB, 
Brussels, Belgium), cetuximab (Erbitux®, Merck-Serono), 
daclizumab (Zenapax®, EIoffmann-La Roche), denileukin 
diftitox (Ontak®, Eisai), denosumab (Prolia®, Amgen; 
Xgeva®, Amgen), eculizumab (Soliris®, Alexion Pharma
ceuticals), efalizumab (Raptiva®, Genentech), etanercept 
(Enbrel®, Amgen-Pfizer), gemtuzumab (Mylotarg®, 
Pfizer), golimumab (Simponi®, Janssen), ibritumomab (Ze- 
valin®, Spectrum Pharmaceuticals), infliximab (Remi
cade®, Centocor), ipilimumab (Yervoy™, Bristol-Myers 
Squibb), muromonab (Orthoclone OKT3®, Janssen-Cilag), 
natalizumab (Tysabri®, Biogen Idee, Elan), ofatumumab 
(Arzerra®, GlaxoSmithKline), omalizumab (Xolair®, 
Novartis), palivizumab (Synagis®, Medlmmune), panitu- 
mumab (Vectibix®, Amgen), ranibizumab (Lucentis®, 
Genentech), rilonacept (Arcalyst®, Regeneron Pharmaceu
ticals), rituximab (MabThera®, Roche), tocilizumab 
(Actemra®, Genentech; RoActemra, Hoflinan-La Roche) 
tositumomab (Bexxar®, GlaxoSmithKline), and trastu
zumab (Herceptin®, Roche).

In some embodiments, a level of one or more glycans 
(e.g., fucosylated glycans, galactosylated glycans, high man
nose glycans, and sialylated glycans) in a reference poly
peptide product is determined by analyzing one or more 
preparations (e.g., one or more lots) of the reference poly
peptide. In some embodiments, a level of one or more 
glycans (e.g., fucosylated glycans, galactosylated glycans, 
high mannose glycans, and sialylated glycans) in a reference 
polypeptide product is a range of the one or more glycans in 
two or more preparations of the reference polypeptide (e.g., 
two or more lots of the reference polypeptide product). In 
some embodiments, a level of one or more glycans is a range 
(e.g., spanning a lowest level of the one or more glycans to 
a highest level of the one or more glycans) in two or more 
lots of the reference polypeptide product.

N-Linked Glycosylation
N-linked oligosaccharide chains are added to a protein in 

the lumen of the endoplasmic reticulum (see Molecular 
Biology of the Cell, Garland Publishing, Inc. (Alberts et al., 
1994)). Specifically, an initial oligosaccharide (typically 
14-sugar) is added to the amino group on the side chain of 
an asparagine residue contained within the target consensus 
sequence of Asn-X-Ser/Thr, where X may be any amino acid 
except proline. The structure of this initial oligosaccharide is 
common to most eukaryotes, and contains 3 glucose, 9 
mannose, and 2 N-acetylglucosamine residues. This initial 
oligosaccharide chain can be trimmed by specific glycosi
dase enzymes in the endoplasmic reticulum, resulting in a 
short, branched core oligosaccharide composed of two 
N-acetylglucosamine and three mannose residues.

N-glycans can be subdivided into three distinct groups 
called “high mannose type”, “hybrid type”, and “complex 
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type”, with a common pentasaccharide core (Man (alpha 1, 
6)-(Man(alphal,3))-Man(betal,4)-GlcpNAc(betal,4)-Glcp- 
NAc(betal,N)-Asn) occurring in all three groups.

After initial processing in the endoplasmic reticulum, the 
glycoprotein is transported to the Golgi where further pro
cessing may take place. If the glycan is transferred to the 
Golgi before it is completely trimmed to the core pentasac
charide structure, it results in a “high-mannose glycan”.

Additionally or alternatively, one or more monosaccha
rides units of N-acetylglucosamine may be added to core 
mannose subunits to form a “complex glycan”. Galactose 
may be added to N-acetylglucosamine subunits, and sialic 
acid subunits may be added to galactose subunits, resulting 
in chains that terminate with any of a sialic acid, a galactose 
or an N-acetylglucosamine residue. Additionally, a fucose 
residue may be added to an N-acetylglucosamine residue of 
the core oligosaccharide. Each of these additions is cata
lyzed by specific glycosyl transferases, known in the art.

Sialic acids are a family of 9-carbon monosaccharides 
with heterocyclic ring structures. They bear a negative 
charge via a carboxylic acid group attached to the ring as 
well as other chemical decorations including N-acetyl and 
N-glycolyl groups. The two main types of sialyl residues 
found in glycoproteins produced in mammalian expression 
systems are N-acetyl-neuraminic acid (NeuAc) and N-gly- 
colylneuraminic acid (NeuGc). These usually occur as ter
minal structures attached to galactose (Gal) residues at the 
non-reducing termini of both N- and O-linked glycans. The 
glycosidic linkage configurations for these sialyl groups can 
be either a2,3 or a2,6.

“Hybrid glycans” comprise characteristics of both high- 
mannose and complex glycans. For example, one branch of 
a hybrid glycan may comprise primarily or exclusively 
mannose residues, while another branch may comprise 
N-acetylglucosamine, sialic acid, and/or galactose sugars.

N-Linked Glycosylation in Antibodies
Antibodies are glycosylated at conserved, N-linked gly

cosylation sites in the Fc regions of immunoglobulin heavy 
chains. For example, each heavy chain of an IgG antibody 
has a single N-linked glycosylation site at Asn297 of the 
CH2 domain (see Jefferis, Nature Reviews 8:226-234 
(2009)). IgA antibodies have N-linked glycosylation sites 
within the CH2 and CH3 domains, IgE antibodies have 
N-linked glycosylation sites within the CH3 domain, and 
IgM antibodies have N-linked glycosylation sites within the 
CHI, CH2, CH3, and CH4 domains (see Arnold et al., J. 
Biol. Chem. 280:29080-29087 (2005); Mattu et al., J. Biol. 
Chem. 273:2260-2272 (1998); Nettleton et al., Int. Arch. 
Allergy Immunol. 107:328-329 (1995)).

Each antibody isotype has a distinct variety of N-linked 
carbohydrate structures in the constant regions. For 
example, IgG has a single N-linked biantennary carbohy
drate at Asn297 of the CH2 domain in each Fc polypeptide 
of the Fc region, which also contains the binding sites for 
Clq and FcyR (see Jefferis et al., Immunol. Rev. 163:59-76 
(1998); and Wright et al., Trends Biotech 15:26-32 (1997)). 
For human IgG, the core oligosaccharide normally consists 
of GlcNAc2Man3GlcNAc, with differing numbers of outer 
residues. Variation among individual IgG can occur via 
attachment of galactose and/or galactose-sialic acid at one or 
both terminal GlcNAc or via attachment of a third GlcNAc 
arm (bisecting GlcNAc), and/or attachment of fucose.

Antibodies
The basic structure of an IgG antibody is illustrated in 

FIG. 1. As shown in FIG. 1, an IgG antibody consists of two 
identical light polypeptide chains and two identical heavy 
polypeptide chains linked together by disulphide bonds. The 
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type", with a common pentasaccharide core (Man (alpha!, 
6)-(Man( alpha! ,3) )-Man(beta 1,4 )-GlcpNAc(beta 1,4 )-Glcp
NAc(betal ,N)-Asn) occurring in all three groups. 

After initial processing in the endoplasmic reticulum, the 
glycoprotein is transported to the Golgi where further pro
cessing may take place. If the glycan is transferred to the 
Golgi before it is completely trimmed to the core pentasac
charide structure, it results in a "high-mannose glycan". 

Additionally or alternatively, one or more monosaccha
rides units of N-acetylglucosamine may be added to core 
mannose subunits to form a "complex glycan". Galactose 
may be added to N-acetylglucosamine subunits, and sialic 
acid subunits may be added to galactose subunits, resulting 
in chains that terminate with any of a sialic acid, a galactose 
or an N-acetylglucosamine residue. Additionally, a fucose 
residue may be added to an N-acetylglucosamine residue of 
the core oligosaccharide. Each of these additions is cata
lyzed by specific glycosyl transferases, known in the art. 

Sialic acids are a family of 9-carbon monosaccharides 
with heterocyclic ring structures. They bear a negative 
charge via a carboxylic acid group attached to the ring as 
well as other chemical decorations including N-acetyl and 
N-glycolyl groups. The two main types of sialyl residues 
found in glycoproteins produced in mammalian expression 
systems are N-acetyl-neuraminic acid (NeuAc) and N-gly
colylneuraminic acid (NeuGc). These usually occur aster-
minal structures attached to galactose (Gal) residues at the 
non-reducing termini of both N- and O-linked glycans. The 
glycosidic linkage configurations for these sialyl groups can 
be either a2,3 or a2,6. 

"Hybrid glycans" comprise characteristics of both high
mannose and complex glycans. For example, one branch of 
a hybrid glycan may comprise primarily or exclusively 
mannose residues, while another branch may comprise 

glycans (e.g., fucosylated glycans, galactosylated glycans, 
high mannose glycans, and sialylated glycans), where the 
targeted levels are the levels of glycans (e.g., fucosylated 
glycans, galactosylated glycans, high mannose glycans, and 
sialylated glycans) in a reference polypeptide product (e.g., 5 

glycoprotein product). Nonlimiting, exemplary reference 
glycoprotein products can include abatacept (Orencia®, 
Bristol-Myers Squibb), abciximab (ReoPro®, Roche), adali
mumab (Humira®, Bristol-Myers Squibb), aflibercept (Ey
lea®, Regeneron Pharmaceuticals), alefacept (Amevive®, 10 

Astellas Pharma), alemtuzumab (Campath®, Genzyme/ 
Bayer), basiliximab (Simulect®, Novartis), belatacept (Nu
lojix®, Bristol-Myers Squibb), belimumab (Benlysta®, 
GlaxoSmithKline), bevacizumab (Avastin®, Roche), 
canakinumab (Ilaris®, Novartis), brentuximab vedotin (Ad- 15 

cetris®, Seattle Genetics), certolizumab (CIMZIA®, UCB, 
Brussels, Belgium), cetuximab (Erbitux®, Merck-Serano), 
daclizumab (Zenapax®, Hoffmann-La Roche), denileukin 
diftitox (Ontak®, Eisai), denosumab (Prolia®, Amgen; 
Xgeva®, Amgen), eculizumab (Soliris®, Alexion Pharma- 20 

ceuticals ), efalizumab (Raptiva®, Genentech), etanercept 
(Enbrel®, Amgen-Pfizer), gemtuzumab (Mylotarg®, 
Pfizer), golimumab (Simponi®, Janssen), ibritumomab (Ze
valin®, Spectrum Pharmaceuticals), infliximab (Remi
cade®, Centocor), ipilimumab (Yervoy™, Bristol-Myers 25 

Squibb), muromonab (Orthoclone OKT3®, Janssen-Cilag), 
natalizumab (Tysabri®, Biogen Idec, Elan), ofatumumab 
(Arzerra®, GlaxoSmithKline), omalizumab (Xolair®, 
Novartis), palivizumab (Synagis®, Medimmune), panitu
mumab (Vectibix®, Amgen), ranibizumab (Lucentis®, 30 

Genentech), rilonacept (Arcalyst®, Regeneron Pharmaceu
ticals), rituximab (MabThera®, Roche), tocilizumab 
(Actemra®, Genentech; RoActemra, Hoffman-La Roche) 
tositumomab (Bexxar®, GlaxoSmithKline), and trastu
zumab (Herceptin®, Roche). 35 N-acetylglucosamine, sialic acid, and/or galactose sugars. 

In some embodiments, a level of one or more glycans 
( e.g., fucosylated glycans, galactosylated glycans, high man
nose glycans, and sialylated glycans) in a reference poly
peptide product is determined by analyzing one or more 
preparations (e.g., one or more lots) of the reference poly- 40 

peptide. In some embodiments, a level of one or more 
glycans (e.g., fucosylated glycans, galactosylated glycans, 
high mannose glycans, and sialylated glycans) in a reference 
polypeptide product is a range of the one or more glycans in 
two or more preparations of the reference polypeptide ( e.g., 45 

two or more lots of the reference polypeptide product). In 
some embodiments, a level of one or more glycans is a range 
(e.g., spanning a lowest level of the one or more glycans to 
a highest level of the one or more glycans) in two or more 
lots of the reference polypeptide product. 

N-Linked Glycosylation 
50 

N-linked oligosaccharide chains are added to a protein in 
the lumen of the endoplasmic reticulum (see Molecular 
Biology of the Cell, Garland Publishing, Inc. (Alberts et al., 
1994)). Specifically, an initial oligosaccharide (typically 55 

14-sugar) is added to the amino group on the side chain of 

N-Linked Glycosylation in Antibodies 
Antibodies are glycosylated at conserved, N-linked gly-

cosylation sites in the Fe regions of immunoglobulin heavy 
chains. For example, each heavy chain of an IgG antibody 
has a single N-linked glycosylation site at Asn297 of the 
CH2 domain (see Jefferis, Nature Reviews 8:226-234 
(2009)). IgA antibodies have N-linked glycosylation sites 
within the CH2 and CH3 domains, IgE antibodies have 
N-linked glycosylation sites within the CH3 domain, and 
IgM antibodies have N-linked glycosylation sites within the 
CHI, CH2, CH3, and CH4 domains (see Arnold et al., J. 
Biol. Chem. 280:29080-29087 (2005); Mattu et al., J. Biol. 
Chem. 273:2260-2272 (1998); Nettleton et al., Int. Arch. 
Allergy Immunol. 107:328-329 (1995)). 

Each antibody isotype has a distinct variety of N-linked 
carbohydrate structures in the constant regions. For 
example, IgG has a single N-linked biantennary carbohy
drate at Asn297 of the CH2 domain in each Fe polypeptide 
of the Fe region, which also contains the binding sites for 
Clq and FcyR (see Jefferis et al., Immunol. Rev. 163:59-76 
(1998); and Wright et al., Trends Biotech 15:26-32 (1997)). 
For human IgG, the core oligosaccharide normally consists 
of GlcNAc2Man3 GlcNAc, with differing numbers of outer 
residues. Variation among individual IgG can occur via 
attachment of galactose and/or galactose-sialic acid at one or 
both terminal GlcNAc or via attachment of a third GlcNAc 
arm (bisecting GlcNAc ), and/or attachment of fucose. 

Antibodies 

an asparagine residue contained within the target consensus 
sequence of Asn-X-Ser/Thr, where X may be any amino acid 
except praline. The structure of this initial oligosaccharide is 
common to most eukaryotes, and contains 3 glucose, 9 60 

mannose, and 2 N-acetylglucosamine residues. This initial 
oligosaccharide chain can be trimmed by specific glycosi
dase enzymes in the endoplasmic reticulum, resulting in a 
short, branched core oligosaccharide composed of two 
N-acetylglucosamine and three mannose residues. 

The basic structure of an IgG antibody is illustrated in 
65 FIG. 1. As shown in FIG. 1, an IgG antibody consists of two 

identical light polypeptide chains and two identical heavy 
polypeptide chains linked together by disulphide bonds. The 

N-glycans can be subdivided into three distinct groups 
called "high mannose type", "hybrid type", and "complex 
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first domain located at the amino terminus of each chain is 
variable in amino acid sequence, providing antibody binding 
specificities found in each individual antibody. These are 
known as variable heavy (VH) and variable light (VL) 
regions. The other domains of each chain are relatively 
invariant in amino acid sequence and are known as constant 
heavy (CH) and constant light (CL) regions. As shown in 
FIG. 1, for an IgG antibody, the light chain includes one 
variable region (VL) and one constant region (CL). An IgG 
heavy chain includes a variable region (VH), a first constant 
region (CHI), a hinge region, a second constant region 
(CH2), and a third constant region (CH3). In IgE and IgM 
antibodies, the heavy chain includes an additional constant 
region (CH4).

Antibodies described herein can include, for example, 
monoclonal antibodies, polyclonal antibodies (e.g., WIG), 
multispecific antibodies, human antibodies, humanized anti
bodies, camelized antibodies, chimeric antibodies, single
chain Fvs (scFv), disulfide-linked Fvs (sdFv), and anti- 
idiotypic (anti-Id) antibodies, and antigen-binding 
fragments of any of the above. Antibodies can be of any type 
(e.g., IgG, IgE, IgM, IgD, IgA and IgY), class (e.g., IgGl, 
IgG2, IgG3, IgG4, IgAl and IgA2) or subclass.

The term “Fc fragment”, as used herein, refers to one or 
more fragments of an Fc region that retains an Fc function 
and/or activity described herein, such as binding to an Fc 
receptor. Examples of such fragments include fragments that 
include an N-linked glycosylation site of an Fc region (e.g., 
an Asn297 of an IgG heavy chain or homologous sites of 
other antibody isotypes), such as a CH2 domain. The term 
“antigen binding fragment” of an antibody, as used herein, 
refers to one or more fragments of an antibody that retain the 
ability to specifically bind to an antigen. Examples of 
binding fragments encompassed within the term “antigen 
binding fragment” of an antibody include a Fab fragment, a 
F(ab')2 fragment, a Fd fragment, a Fv fragment, a scFv 
fragment, a dAb fragment (Ward et al., (1989) Nature 
341:544-546), and an isolated complementarity determining 
region (CDR). These antibody fragments can be obtained 
using conventional techniques known to those with skill in 
the art, and fragments can be screened for utility in the same 
manner as are intact antibodies.

Reference glycoproteins described herein (e.g., reference 
antibodies) or fragments thereof can be produced by any 
method known in the art for synthesizing glycoproteins 
(e.g., antibodies) (see, e.g., Harlow et al., Antibodies: A 
Laboratory Manual, (Cold Spring Harbor Laboratory Press, 
2nd ed. 1988); Brinkman et al., 1995, J. Immunol. Methods 
182:41-50; WO 92/22324; WO 98/46645). Chimeric anti
bodies can be produced using methods described in, e.g., 
Morrison, 1985, Science 229:1202, and humanized antibod
ies by methods described in, e.g., U.S. Pat. No. 6,180,370.

Additional reference antibodies described herein are 
bispecific antibodies and multivalent antibodies, as 
described in, e.g., Segal et al., J. Immunol. Methods 248:1-6 
(2001); and Tutt et al., J. Immunol. 147: 60 (1991).

Glycoprotein Conjugates
The disclosure includes glycoproteins (or Fc regions or Fc 

fragments containing one or more N-glycosylation sites 
thereof) that are conjugated or fused to one or more heter
ologous moieties. Heterologous moieties include, but are not 
limited to, peptides, polypeptides, proteins, fusion proteins, 
nucleic acid molecules, small molecules, mimetic agents, 
synthetic drugs, inorganic molecules, and organic mol
ecules. In some instances, a glycoprotein conjugate is a 
fusion protein that comprises a peptide, polypeptide, protein 
scaffold, scFv, dsFv, diabody, Tandab, or an antibody 
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mimetic fused to an Fc region, such as a glycosylated Fc 
region. A fusion protein can include a linker region con
necting an Fc region to a heterologous moiety (see, e.g., 
Hallewell et al. (1989), J. Biol. Chem. 264, 5260-5268; 
Alfthan et al. (1995), Protein Eng. 8, 725-731; Robinson & 
Sauer (1996)).

Exemplary, nonlimiting reference glycoprotein conjugate 
products include abatacept (Orencia®, Bristol-Myers 
Squibb), aflibercept (Eylea®, Regeneron Pharmaceuticals), 
alefacept (Amevive®, Astellas Pharma), belatacept (Nulo- 
jix®, Bristol-Myers Squibb), denileukin diftitox (Ontak®, 
Eisai), etanercept (Enbrel®, Amgen-Pfizer), and rilonacept 
(Arcalyst®, Regeneron Pharmaceuticals).

In some instances, a glycoprotein conjugate includes an 
Fc region (or an Fc fragment containing one or more 
N-glycosylations site thereof) conjugated to a heterologous 
polypeptide of at least 10, at least 20, at least 30, at least 40, 
at least 50, at least 60, at least 70, at least 80, at least 90 or 
at least 100 amino acids.

In some instances, a glycoprotein conjugate includes an 
Fc region (or an Fc fragment containing one or more 
N-glycosylation sites thereof) conjugated to one or more 
marker sequences, such as a peptide to facilitate purification. 
A particular marker amino acid sequence is a hexa-histidine 
peptide, such as the tag provided in a pQE vector (QIAGEN, 
Inc., 9259 Eton Avenue, Chatsworth, Calif., 91311). Other 
peptide tags useful for purification include, but are not 
limited to, the hemagglutinin “HA” tag, which corresponds 
to an epitope derived from the influenza hemagglutinin 
protein (Wilson et al., 1984, Cell 37:767) and the “Flag” tag.

In other instances, a glycoprotein conjugate includes an 
Fc region (or Fc fragment containing one or more N-gly- 
cosylation sites thereof) conjugated to a diagnostic or detect
able agent. Such fusion proteins can be useful for monitoring 
or prognosing development or progression of disease or 
disorder as part of a clinical testing procedure, such as 
determining efficacy of a particular therapy. Such diagnosis 
and detection can be accomplished by coupling a glycopro
tein to detectable substances including, but not limited to, 
various enzymes, such as but not limited to horseradish 
peroxidase, alkaline phosphatase, beta-galactosidase, or ace
tylcholinesterase; prosthetic groups, such as, but not limited 
to, streptavidin/biotin and avidin/biotin; fluorescent materi
als, such as, but not limited to, umbelliferone, fluorescein, 
fluorescein isothiocynate, rhodamine, dichlorotriazinylam- 
ine fluorescein, dansyl chloride or phycoerythrin; lumines
cent materials, such as, but not limited to, luminol; biolu- 
minescent materials, such as but not limited to, luciferase, 
luciferin, and aequorin; radioactive materials, such as but 
not limited to iodine (131I, 125I, 123I), carbon (14C), sulfur 
(35S), tritium (3H), indium (115In, 113In, 112In, lnIn), tech
netium (99Tc), thallium (201Ti), gallium (68Ga, 67Ga), pal
ladium (103Pd), molybdenum ("Mo), xenon (133Xe), fluo
rine (18F), 153Sm, 177Lu, 153Gd, 159Gd, 149Pm, 140La, 169Yb, 
175Yb, 166Ho, 90Y, 47Sc, 186Re, 188Re, 142Pr, 105Rh, 97Ru, 
68Ge, 57Co, 65Zn, 85Sr, 32P, 51Cr, 54Mn, 75Se, 113Sn, and 
117Sn; positron emitting metals using various positron emis
sion tomographies, non-radioactive paramagnetic metal 
ions, and molecules that are radiolabelled or conjugated to 
specific radioisotopes.

Techniques for conjugating therapeutic moieties to anti
bodies are well known (see, e.g., Amon et al., “Monoclonal 
Antibodies For Immuno targeting Of Drugs In Cancer 
Therapy”, in Monoclonal Antibodies And Cancer Therapy, 
Reisfeld et al. (eds.), pp. 243-56. (Alan R. Liss, Inc. 1985); 
Hellstrom et al., “Antibodies For Drug Delivery”, in Con
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mimetic fused to an Fe region, such as a glycosylated Fe 
region. A fusion protein can include a linker region con
necting an Fe region to a heterologous moiety (see, e.g., 
Hallewell et al. (1989), J. Biol. Chem. 264, 5260-5268; 

first domain located at the amino terminus of each chain is 
variable in amino acid sequence, providing antibody binding 
specificities found in each individual antibody. These are 
known as variable heavy (VH) and variable light (VL) 
regions. The other domains of each chain are relatively 
invariant in amino acid sequence and are known as constant 
heavy (CH) and constant light (CL) regions. As shown in 
FIG. 1, for an IgG antibody, the light chain includes one 
variable region (VL) and one constant region (CL). An IgG 
heavy chain includes a variable region (VH), a first constant 
region (CHI), a hinge region, a second constant region 
(CH2), and a third constant region (CH3). In IgE and IgM 
antibodies, the heavy chain includes an additional constant 
region (CH4). 

5 Alfthan et al. (1995), Protein Eng. 8, 725-731; Robinson & 
Sauer (1996)). 

Exemplary, nonlimiting reference glycoprotein conjugate 
products include abatacept (Orencia®, Bristol-Myers 
Squibb), aflibercept (Eylea®, Regeneron Pharmaceuticals), 

10 alefacept (Amevive®, Astellas Pharma), belatacept (Nulo
jix®, Bristol-Myers Squibb), denileukin diftitox (Ontak®, 
Eisai), etanercept (Enbrel®, Amgen-Pfizer), and rilonacept 
(Arcalyst®, Regeneron Pharmaceuticals). 

In some instances, a glycoprotein conjugate includes an 
Fe region (or an Fe fragment containing one or more 
N-glycosylations site thereof) conjugated to a heterologous 
polypeptide of at least 10, at least 20, at least 30, at least 40, 
at least 50, at least 60, at least 70, at least 80, at least 90 or 

Antibodies described herein can include, for example, 15 

monoclonal antibodies, polyclonal antibodies (e.g., WIG), 
multispecific antibodies, human antibodies, humanized anti
bodies, camelized antibodies, chimeric antibodies, single
chain Fvs (scFv), disulfide-linked Fvs (sdFv), and anti
idiotypic (anti-Id) antibodies, and antigen-binding 
fragments of any of the above. Antibodies can be of any type 
(e.g., IgG, IgE, IgM, IgD, IgA and IgY), class (e.g., IgGl, 
IgG2, IgG3, IgG4, IgAl and IgA2) or subclass. 

20 at least 100 amino acids. 

The term "Fe fragment", as used herein, refers to one or 
more fragments of an Fe region that retains an Fe function 25 

and/or activity described herein, such as binding to an Fe 
receptor. Examples of such fragments include fragments that 
include an N-linked glycosylation site of an Fe region (e.g., 
an Asn297 of an IgG heavy chain or homologous sites of 
other antibody isotypes), such as a CH2 domain. The term 30 

"antigen binding fragment" of an antibody, as used herein, 
refers to one or more fragments of an antibody that retain the 
ability to specifically bind to an antigen. Examples of 
binding fragments encompassed within the term "antigen 
binding fragment" of an antibody include a Fab fragment, a 35 

F(ab')2 fragment, a Fd fragment, a Fv fragment, a scFv 
fragment, a dAb fragment (Ward et al., (1989) Nature 
341: 544-546), and an isolated complementarity determining 
region (CDR). These antibody fragments can be obtained 
using conventional techniques known to those with skill in 40 

the art, and fragments can be screened for utility in the same 
manner as are intact antibodies. 

Reference glycoproteins described herein ( e.g., reference 
antibodies) or fragments thereof can be produced by any 
method known in the art for synthesizing glycoproteins 45 

(e.g., antibodies) (see, e.g., Harlow et al., Antibodies: A 
Laboratory Manual, (Cold Spring Harbor Laboratory Press, 
2nd ed. 1988); Brinknian et al., 1995, J. Immunol. Methods 
182:41-50; WO 92/22324; WO 98/46645). Chimeric anti
bodies can be produced using methods described in, e.g., 50 

Morrison, 1985, Science 229:1202, and humanized antibod-
ies by methods described in, e.g., U.S. Pat. No. 6,180,370. 

In some instances, a glycoprotein conjugate includes an 
Fe region (or an Fe fragment containing one or more 
N-glycosylation sites thereof) conjugated to one or more 
marker sequences, such as a peptide to facilitate purification. 
A particular marker amino acid sequence is a hexa-histidine 
peptide, such as the tag provided in a pQE vector (QIAGEN, 
Inc., 9259 Eton Avenue, Chatsworth, Calif., 91311). Other 
peptide tags useful for purification include, but are not 
limited to, the hemagglutinin "HA" tag, which corresponds 
to an epitope derived from the influenza hemagglutinin 
protein (Wilson et al., 1984, Cell 37:767) and the "Flag" tag. 

In other instances, a glycoprotein conjugate includes an 
Fe region (or Fe fragment containing one or more N-gly
cosylation sites thereof) conjugated to a diagnostic or detect
able agent. Such fusion proteins can be useful for monitoring 
or prognosing development or progression of disease or 
disorder as part of a clinical testing procedure, such as 
determining efficacy of a particular therapy. Such diagnosis 
and detection can be accomplished by coupling a glycopro
tein to detectable substances including, but not limited to, 
various enzymes, such as but not limited to horseradish 
peroxidase, alkaline phosphatase, beta-galactosidase, or ace
tylcholinesterase; prosthetic groups, such as, but not limited 
to, streptavidin/biotin and avidin/biotin; fluorescent materi
als, such as, but not limited to, umbelliferone, fluorescein, 
fluorescein isothiocynate, rhodamine, dichlorotriazinylam-
ine fluorescein, dansyl chloride or phycoerythrin; lumines
cent materials, such as, but not limited to, luminol; biolu
minescent materials, such as but not limited to, luciferase, 
luciferin, and aequorin; radioactive materials, such as but 
not limited to iodine (1 31 I, 1251, 1231), carbon (14C), sulfur 
(35S), tritium (3H), indium (115In, 113In, 112In, 111 In), tech
netium (99Tc), thallium (201 Ti), gallium (68Ga, 67Ga), pal
ladium (103Pd), molybdenum (99Mo), xenon (133Xe), fluo-

Additional reference antibodies described herein are 
bispecific antibodies and multivalent antibodies, as 
described in, e.g., Segal et al., J. Immunol. Methods 248:1-6 
(2001); and Tutt et al., J. Immunol. 147: 60 (1991). 

Glycoprotein Conjugates 
The disclosure includes glycoproteins ( or Fe regions or Fe 

fragments containing one or more N-glycosylation sites 
thereof) that are conjugated or fused to one or more heter
ologous moieties. Heterologous moieties include, but are not 
limited to, peptides, polypeptides, proteins, fusion proteins, 
nucleic acid molecules, small molecules, mimetic agents, 
synthetic drugs, inorganic molecules, and organic mol
ecules. In some instances, a glycoprotein conjugate is a 
fusion protein that comprises a peptide, polypeptide, protein 
scaffold, scFv, dsFv, diabody, Tandab, or an antibody 

55 rine (1sF), 1s3Sm, 177Lu, 1s3Gd, 1s9Gd, 149Pm, 140La, 169Yb, 
17sYb, 166Ho, 9oy, 47Sc, 1s6Re, 1ssRe, 142Pr, 10sRh, 97Ru, 
6sGe, s7Co, 6szn, sssr, 32P, s1Cr, s4Mn, 7sse, 113Sn, and 
11 7 Sn; positron emitting metals using various positron emis
sion tomographies, non-radioactive paramagnetic metal 

60 ions, and molecules that are radiolabelled or conjugated to 
specific radioisotopes. 

Techniques for conjugating therapeutic moieties to anti
bodies are well known (see, e.g., Amon et al., "Monoclonal 
Antibodies For Immunotargeting Of Drugs In Cancer 

65 Therapy", in Monoclonal Antibodies And Cancer Therapy, 
Reisfeld et al. (eds.), pp. 243-56. (Alan R. Liss, Inc. 1985); 
Hellstrom et al., "Antibodies For Drug Delivery", in Con-
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trolled Drug Delivery (2nd Ed.), Robinson et al. (eds.), pp. 
623-53 (Marcel Dekker, Inc. 1987)).
Glycan Evaluation

In some embodiments, glycans of glycoproteins are ana
lyzed by any available suitable method. In some instances, 
glycan structure and composition as described herein are 
analyzed, for example, by one or more, enzymatic, chro
matographic, mass spectrometry (MS), chromatographic 
followed by MS, electrophoretic methods, electrophoretic 
methods followed by MS, nuclear magnetic resonance 
(NMR) methods, and combinations thereof. Exemplary 
enzymatic methods include contacting a glycoprotein prepa
ration with one or more enzymes under conditions and for a 
time sufficient to release one or more glycan(s) (e.g., one or 
more exposed glycan(s)). In some instances, the one or more 
enzymes include(s) PNGase F. Exemplary chromatographic 
methods include, but are not limited to, Strong Anion 
Exchange chromatography using Pulsed Amperometric 
Detection (SAX-PAD), liquid chromatography (LC), high 
performance liquid chromatography (HPLC), ultra perfor
mance liquid chromatography (UPLC), thin layer chroma
tography (TLC), amide column chromatography, and com
binations thereof. Exemplary mass spectrometry (MS) 
include, but are not limited to, tandem MS, LC-MS, LC-MS/ 
MS, matrix assisted laser desorption ionisation mass spec
trometry (MALDI-MS), Fourier transform mass spectrom
etry (FTMS), ion mobility separation with mass 
spectrometry (IMS-MS), electron transfer dissociation 
(ETD-MS), and combinations thereof. Exemplary electro
phoretic methods include, but are not limited to, capillary 
electrophoresis (CE), CE-MS, gel electrophoresis, agarose 
gel electrophoresis, acrylamide gel electrophoresis, SDS- 
polyacrylamide gel electrophoresis (SDS-PAGE) followed 
by Western blotting using antibodies that recognize specific 
glycan structures, and combinations thereof. Exemplary 
nuclear magnetic resonance (NMR) include, but are not 

30
limited to, one-dimensional NMR (1D-NMR), two-dimen
sional NMR (2D-NMR), correlation spectroscopy magnetic- 
angle spinning NMR (COSY-NMR), total correlated spec
troscopy NMR (TOCSY-NMR), heteronuclear single
quantum coherence NMR (HSQC-NMR), heteronuclear 
multiple quantum coherence (HMQC-NMR), rotational 
nuclear overhauser effect spectroscopy NMR (ROESY- 
NMR), nuclear overhauser effect spectroscopy (NOESY- 
NMR), and combinations thereof.

In some instances, techniques described herein may be 
combined with one or more other technologies for the 
detection, analysis, and or isolation of glycans or glycopro
teins. For example, in certain instances, glycans are analyzed 
in accordance with the present disclosure using one or more 
available methods (to give but a few examples, see Anu- 
mula, Anal. Biochem., 350(1):1, 2006; Klein et al., Anal. 
Biochem., 179:162, 1989; and/or Townsend, R. R. Carbo
hydrate Analysis” High Performance Liquid Chromatogra
phy and Capillary Electrophoresis., Ed. Z. El Rassi, pp
181-209, 1995; WO2008/128216; W02008/128220;
WO2008/128218; W02008/130926; W02008/128225;
W02008/130924; W02008/128221; WO2008/128228;
WO2008/128227; W02008/128230; WO2008/128219;
WO2008/128222; W02010/071817; WO2010/071824;
W02010/085251; WO2011/069056; and WO2011/127322, 
each of which is incorporated herein by reference in its 
entirety). For example, in some instances, glycans are char
acterized using one or more of chromatographic methods, 
electrophoretic methods, nuclear magnetic resonance meth
ods, and combinations thereof. In some embodiments, gly
cans are analyzed by labeling with a fluorescent dye and 
measuring levels of fluorescence.

In some instances, methods for evaluating one or more 
target protein specific parameters, e.g., in a glycoprotein 
preparation, e.g., one or more of the parameters disclosed 
herein, can be performed by one or more of the methods 
listed in Table 1.

Exemplary methods of evaluating parameters:

TABLE 1

Method(s) Relevant literature Parameter

Cl 8 UPLC Mass Spec* Chen and Flynn, Anal. Biochem., 
370: 147-161 (2007)
Chen and Flynn, J. Am. Soc. Mass 
Spectrom., 20: 1821-1833 (2009)

Glycan(s)
(e.g., N-linked glycan, exposed 
N-linked glycan, glycan 
detection, glycan identification, 
and characterization; site 
specific glycation; glycoform 
detection (e.g., parameters 1-7); 
percent glycosylation; and/or 
aglycosyl)

Bioanalyzer Forrer et al., Anal. Biochem., Glycan (e.g., N-linked glycan,
(reducing/non- 
reducing)*

334: 81-88 (2004) exposed N-linked glycan) 
(including, for example, glycan 
detection, identification, and 
characterization; site specific 
glycation; glycoform detection; 
percent glycosylation; and/or 
aglycosyl)

LC-MS (reducing/non- Dick et al., Biotechnol. Bioeng., Glycan (e.g., N-linked glycan,
reducing/ alkylated) * 100: 1132-1143 (2008) exposed N-linked glycan)
^Methods include Goetze et al., Glycobiol., 21: 949-959 (including, for example, glycan
removal (e.g., (2011) detection, identification, and
enzymatic, chemical, 
and physical) of 
glycans

Xie et al., mAbs, 2: 379-394 (2010) characterization; site specific 
glycation; glycoform detection; 
percent glycosylation; and/or
aglycosyl)
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trolled Drug Delivery (2nd Ed.), Robinson et al. (eds.), pp. 
623-53 (Marcel Dekker, Inc. 1987)). 
Glycan Evaluation 

In some embodiments, glycans of glycoproteins are ana
lyzed by any available suitable method. In some instances, 
glycan structure and composition as described herein are 
analyzed, for example, by one or more, enzymatic, chro
matographic, mass spectrometry (MS), chromatographic 
followed by MS, electrophoretic methods, electrophoretic 
methods followed by MS, nuclear magnetic resonance 
(NMR) methods, and combinations thereof. Exemplary 
enzymatic methods include contacting a glycoprotein prepa
ration with one or more enzymes under conditions and for a 
time sufficient to release one or more glycan(s) (e.g., one or 
more exposed glycan(s )). In some instances, the one or more 
enzymes include(s) PNGase F. Exemplary chromatographic 
methods include, but are not limited to, Strong Anion 
Exchange chromatography using Pulsed Amperometric 
Detection (SAX-PAD), liquid chromatography (LC), high 
performance liquid chromatography (HPLC), ultra perfor
mance liquid chromatography (UPLC), thin layer chroma
tography (TLC), amide colunm chromatography, and com
binations thereof. Exemplary mass spectrometry (MS) 
include, but are not limited to, tandem MS, LC-MS, LC-MS/ 
MS, matrix assisted laser desorption ionisation mass spec
trometry (MALDI-MS), Fourier transform mass spectrom
etry (FTMS), ion mobility separation with mass 
spectrometry (IMS-MS), electron transfer dissociation 
(ETD-MS), and combinations thereof. Exemplary electro
phoretic methods include, but are not limited to, capillary 
electrophoresis (CE), CE-MS, gel electrophoresis, agarose 
gel electrophoresis, acrylamide gel electrophoresis, SDS
polyacrylamide gel electrophoresis (SDS-PAGE) followed 
by Western blotting using antibodies that recognize specific 
glycan structures, and combinations thereof. Exemplary 
nuclear magnetic resonance (NMR) include, but are not 

30 
limited to, one-dimensional NMR (lD-NMR), two-dimen
sional NMR (2D-NMR), correlation spectroscopy magnetic
angle spinning NMR (COSY-NMR), total correlated spec
troscopy NMR (TOCSY-NMR), heteronuclear single-

s quantum coherence NMR (HSQC-NMR), heteronuclear 
multiple quantum coherence (HMQC-NMR), rotational 
nuclear overhauser effect spectroscopy NMR (ROESY
NMR), nuclear overhauser effect spectroscopy (NOESY
NMR), and combinations thereof. 

10 
In some instances, techniques described herein may be 

combined with one or more other technologies for the 
detection, analysis, and or isolation of glycans or glycopro
teins. For example, in certain instances, glycans are analyzed 
in accordance with the present disclosure using one or more 

15 
available methods (to give but a few examples, see Anu
mula, Anal. Biochem., 350(1):1, 2006; Klein et al., Anal. 
Biochem., 179:162, 1989; and/or Townsend, R.R. Carbo
hydrate Analysis" High Performance Liquid Chromatogra
phy and Capillary Electrophoresis., Ed. Z. El Rassi, pp 

20 ~b-Jg6s1121i~t\ :g;gg~;i;~~~~\ :g;gg~;i;~;;~~ 
WO2008/130924; WO2008/128221; WO2008/128228; 
WO2008/128227; WO2008/128230; WO2008/128219; 
WO2008/128222; WO2010/071817; WO2010/071824; 

25 
WO2010/085251; WO2011/069056; and WO2011/127322, 
each of which is incorporated herein by reference in its 
entirety). For example, in some instances, glycans are char
acterized using one or more of chromatographic methods, 
electrophoretic methods, nuclear magnetic resonance meth-

30 ods, and combinations thereof. In some embodiments, gly
cans are analyzed by labeling with a fluorescent dye and 
measuring levels of fluorescence. 

In some instances, methods for evaluating one or more 
target protein specific parameters, e.g., in a glycoprotein 

35 
preparation, e.g., one or more of the parameters disclosed 
herein, can be performed by one or more of the methods 
listed in Table 1. 

TABLE 1 

Exemplary methods of evaluating parameters: 

Method(s) Relevant literature Parameter 

C18 UPLC Mass Spec* Chen and Flynn, Anal. Biochem., 
370: 147-161 (2007) 

Bioanalyzer 
(reducing/non-

reducing)* 

Chen and Flynn, J. Am. Soc. Mass 
Spectrom., 20: 1821-1833 (2009) 

Forrer et al., Anal. Biochem., 

334: 81-88 (2004) 

Glycan(s) 
(e.g., N-linked glycan, exposed 

N-linked glycan, glycan 
detection, glycan identification, 
and characterization; site 

specific glycation; glycoform 
detection (e.g., parameters 1-7); 

percent glycosylation; and/or 

aglycosyl) 

Glycan (e.g., N-linked glycan, 

exposed N-linked glycan) 

(including, for example, glycan 

detection, identification, and 

characterization; site specific 

glycation; glycoform detection; 

percent glycosylation; and/or 

aglycosyl) 

LC-MS (reducing/non- Dick et al., Biotechnol. Bioeng., Glycan (e.g., N-linked glycan, 

reducing/alkylated)* 100: 1132-1143 (2008) exposed N-linked glycan) 

*Methods include Goetze et al., Glycobiol., 21: 949-959 (including, for example, glycan 

removal (e.g., (2011) detection, identification, and 

enzymatic, chemical, Xie et al., mAbs, 2: 379-394 (2010) characterization; site specific 

and physical) of glycation; glycoform detection; 

glycans percent glycosylation; and/or 

aglycosyl) 
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TABLE 1-continued

Exemplary methods of evaluatine parameters:

Method(s) Relevant literature Parameter

Anion-exchange 
chromatography 
l,2-diamino-4,5- 
methylenedioxybenzene 
(DMB) labeling method

Ahn et al., J. Chrom. B, 878: 403-408 
(2010)
Hokke et al., FEBS Lett., 275: 9-14
(1990)

Sialylated glycan

Sialic acid

The literature recited above are hereby incorporated by 
reference in their entirety or, in the alternative, to the extent 
that they pertain to one or more of the methods for deter- 
mining a parameter described herein.
Pharmaceutical Compositions and Administration

A glycoprotein described herein can be incorporated (e.g., 
formulated) into a pharmaceutical composition. Such a 
pharmaceutical composition is useful as an alternative and/ 2o 
or improved composition for the prevention and/or treatment 
of one or more diseases relative to a corresponding reference 
glycoprotein. Pharmaceutical compositions comprising a 
glycoprotein can be formulated by methods known to those 
skilled in the art. The pharmaceutical composition can be 25 
administered parenterally in the form of an injectable for
mulation comprising a sterile solution or suspension in water 
or another pharmaceutically acceptable liquid. For example, 
the pharmaceutical composition can be formulated by suit
ably combining the glycoprotein with pharmaceutically 30 
acceptable vehicles or media, such as sterile water and 
physiological saline, vegetable oil, emulsifier, suspension 
agent, surfactant, stabilizer, flavoring excipient, diluent, 
vehicle, preservative, binder, followed by mixing in a unit 
dose form required for generally accepted pharmaceutical 35 
practices. The amount of active ingredient included in the 
pharmaceutical preparations is such that a suitable dose 
within the designated range is provided.

A sterile composition for injection can be formulated in 
accordance with conventional pharmaceutical practices 40 
using distilled water for injection as a vehicle. For example, 
physiological saline or an isotonic solution containing glu
cose and other supplements such as D-sorbitol, D-mannose, 
D-mannitol, and sodium chloride may be used as an aqueous 
solution for injection, optionally in combination with a 45 
suitable solubilizing agent, for example, alcohol such as 
ethanol and polyalcohol such as propylene glycol or poly
ethylene glycol, and a nonionic surfactant such as polysor
bate 80™, HCO-50 and the like.

Nonlimiting examples of oily liquid include sesame oil 
and soybean oil, and it may be combined with benzyl 
benzoate or benzyl alcohol as a solubilizing agent. Other 
items that may be included are a buffer such as a phosphate 
buffer, or sodium acetate buffer, a soothing agent such as 
procaine hydrochloride, a stabilizer such as benzyl alcohol 
or phenol, and an antioxidant. A formulated injection can be 
packaged in a suitable ampule.

In some instances, a level of one or more glycans 
described herein can be compared to a predetermined level 
(e.g., a corresponding level in a reference standard), e.g., to 
make a decision regarding the composition of the polypep
tide preparation, e.g., a decision to classify, select, accept or 
discard, release or withhold, process into a drug product, 
ship, move to a different location, formulate, label, package, 
release into commerce, or sell or offer for sale the polypep
tide, e.g., a recombinant antibody. In other instances, the 
decision can be to accept, modify or reject a production 

parameter or parameters used to make the polypeptide, e.g., 
an antibody. Particular, nonlimiting examples of reference 
standards include a control level (e.g., a polypeptide pro
duced by a different method) or a range or value in a product 
specification (e.g., an FDA label or Physician’s Insert) or 
quality criterion for a pharmaceutical preparation containing 
the polypeptide preparation.

In some instances, methods (i.e., evaluation, identifica
tion, and production methods) include taking action (e.g., 
physical action) in response to the methods disclosed herein. 
For example, a polypeptide preparation is classified, 
selected, accepted or discarded, released or withheld, pro
cessed into a drug product, shipped, moved to a different 
location, formulated, labeled, packaged, released into com
merce, or sold or offered for sale, depending on whether the 
preselected or target value is met. In some instances, pro
cessing may include formulating (e.g., combining with 
pharmaceutical excipients), packaging (e.g., in a syringe or 
vial), labeling, or shipping at least a portion of the polypep
tide preparation. In some instances, processing includes 
formulating (e.g., combining with pharmaceutical excipi
ents), packaging (e.g., in a syringe or vial), and labeling at 
least a portion of the preparation as a drug product described 
herein. Processing can include directing and/or contracting 
another party to process as described herein.

In some instances, a biological activity of a polypeptide 
preparation (e.g., an antibody preparation) is assessed. Bio
logical activity of the preparation can be analyzed by any 
known method. In some embodiments, a binding activity of 
a polypeptide is assessed (e.g., binding to a receptor). In 
some embodiments, a therapeutic activity of a polypeptide is 
assessed (e.g., an activity of a polypeptide in decreasing 
severity or symptom of a disease or condition, or in delaying 
appearance of a symptom of a disease or condition). In some 
embodiments, a pharmacologic activity of a polypeptide is 
assessed (e.g., bioavailability, pharmacokinetics, pharmaco
dynamics). For methods of analyzing bioavailability, phar
macokinetics, and pharmacodynamics of glycoprotein thera
peutics, see, e.g., Weiner et al., J. Pharm. Biomed. Anal. 
15(5):571-9, 1997; Srinivas et al., J. Pharm. Sci. 85(1):1-4, 
1996; and Srinivas et al., Pharm. Res. 14(7):911-6, 1997.

The particular biological activity or therapeutic activity 
that can be tested will vary depending on the particular 
polypeptide (e.g., antibody). The potential adverse activity 
or toxicity (e.g., propensity to cause hypertension, allergic 
reactions, thrombotic events, seizures, or other adverse 
events) of polypeptide preparations can be analyzed by any 
available method. In some embodiments, immunogenicity 
of a polypeptide preparation is assessed, e.g., by determining 
whether the preparation elicits an antibody response in a 
subject.

Route of administration can be parenteral, for example, 
administration by injection, transnasal administration, 
transpulmonary administration, or transcutaneous adminis
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TABLE I-continued 

Exemplary methods of evaluating parameters: 

Method(s) Relevant literature Parameter 

Anion-exchange 
chromatography 
1,2-diamino-4,5-
methylenedioxybenzene 
(DMB) labeling method 

Ahn et al., J. Chrom. B, 878: 403-408 
(2010) 
Hokke et al., FEBS Lett., 275: 9-14 
(1990) 

Sialylated glycan 

Sialic acid 

The literature recited above are hereby incorporated by 
reference in their entirety or, in the alternative, to the extent 
that they pertain to one or more of the methods for deter
mining a parameter described herein. 
Pharmaceutical Compositions and Administration 

parameter or parameters used to make the polypeptide, e.g., 
an antibody. Particular, nonlimiting examples of reference 

15 
standards include a control level (e.g., a polypeptide pro
duced by a different method) or a range or value in a product 
specification (e.g., an FDA label or Physician's Insert) or 
quality criterion for a pharmaceutical preparation containing A glycoprotein described herein can be incorporated ( e.g., 

formulated) into a pharmaceutical composition. Such a 
pharmaceutical composition is useful as an alternative and/ 20 
or improved composition for the prevention and/or treatment 

the polypeptide preparation. 
In some instances, methods (i.e., evaluation, identifica-

tion, and production methods) include taking action (e.g., 
physical action) in response to the methods disclosed herein. 
For example, a polypeptide preparation is classified, 
selected, accepted or discarded, released or withheld, pro-

of one or more diseases relative to a corresponding reference 
glycoprotein. Pharmaceutical compositions comprising a 
glycoprotein can be formulated by methods known to those 
skilled in the art. The pharmaceutical composition can be 
administered parenterally in the form of an injectable for
mulation comprising a sterile solution or suspension in water 
or another pharmaceutically acceptable liquid. For example, 
the pharmaceutical composition can be formulated by suit
ably combining the glycoprotein with pharmaceutically 
acceptable vehicles or media, such as sterile water and 
physiological saline, vegetable oil, emulsifier, suspension 
agent, surfactant, stabilizer, flavoring excipient, diluent, 
vehicle, preservative, binder, followed by mixing in a unit 
dose form required for generally accepted pharmaceutical 
practices. The amount of active ingredient included in the 
pharmaceutical preparations is such that a suitable dose 
within the designated range is provided. 

A sterile composition for injection can be formulated in 
accordance with conventional pharmaceutical practices 
using distilled water for injection as a vehicle. For example, 
physiological saline or an isotonic solution containing glu
cose and other supplements such as D-sorbitol, D-mannose, 
D-mannitol, and sodium chloride may be used as an aqueous 
solution for injection, optionally in combination with a 
suitable solubilizing agent, for example, alcohol such as 
ethanol and polyalcohol such as propylene glycol or poly
ethylene glycol, and a nonionic surfactant such as polysor
bate 80™, HCO-50 and the like. 

25 cessed into a drug product, shipped, moved to a different 
location, formulated, labeled, packaged, released into com
merce, or sold or offered for sale, depending on whether the 
preselected or target value is met. In some instances, pro
cessing may include formulating ( e.g., combining with 

30 pharmaceutical excipients ), packaging ( e.g., in a syringe or 
vial), labeling, or shipping at least a portion of the polypep
tide preparation. In some instances, processing includes 
formulating (e.g., combining with pharmaceutical excipi
ents), packaging (e.g., in a syringe or vial), and labeling at 

35 
least a portion of the preparation as a drug product described 
herein. Processing can include directing and/or contracting 
another party to process as described herein. 

In some instances, a biological activity of a polypeptide 

40 preparation (e.g., an antibody preparation) is assessed. Bio
logical activity of the preparation can be analyzed by any 
known method. In some embodiments, a binding activity of 
a polypeptide is assessed (e.g., binding to a receptor). In 
some embodiments, a therapeutic activity of a polypeptide is 

45 assessed ( e.g., an activity of a polypeptide in decreasing 
severity or symptom of a disease or condition, or in delaying 
appearance of a symptom of a disease or condition). In some 
embodiments, a pharmacologic activity of a polypeptide is 
assessed ( e.g., bioavailability, pharmacokinetics, pharmaco-

50 dynamics). For methods of analyzing bioavailability, phar
macokinetics, and pharmacodynamics of glycoprotein thera
peutics, see, e.g., Weiner et al., J. Pharm. Biomed. Anal. 
15(5):571-9, 1997; Srinivas et al., J. Phann. Sci. 85(1):1-4, 

Nonlimiting examples of oily liquid include sesame oil 
and soybean oil, and it may be combined with benzyl 
benzoate or benzyl alcohol as a solubilizing agent. Other 
items that may be included are a buffer such as a phosphate 
buffer, or sodium acetate buffer, a soothing agent such as 
procaine hydrochloride, a stabilizer such as benzyl alcohol 55 

or phenol, and an antioxidant. A formulated injection can be 
packaged in a suitable ampule. 

1996; and Srinivas et al., Phann. Res. 14(7):911-6, 1997. 
The particular biological activity or therapeutic activity 

that can be tested will vary depending on the particular 
polypeptide (e.g., antibody). The potential adverse activity 
or toxicity ( e.g., propensity to cause hypertension, allergic 
reactions, thrombotic events, seizures, or other adverse 

60 events) of polypeptide preparations can be analyzed by any 
available method. In some embodiments, immunogenicity 
of a polypeptide preparation is assessed, e.g., by determining 
whether the preparation elicits an antibody response in a 

In some instances, a level of one or more glycans 
described herein can be compared to a predetermined level 
(e.g., a corresponding level in a reference standard), e.g., to 
make a decision regarding the composition of the polypep
tide preparation, e.g., a decision to classify, select, accept or 
discard, release or withhold, process into a drug product, 
ship, move to a different location, formulate, label, package, 
release into commerce, or sell or offer for sale the polypep- 65 

tide, e.g., a recombinant antibody. In other instances, the 
decision can be to accept, modify or reject a production 

subject. 
Route of administration can be parenteral, for example, 

administration by injection, transnasal administration, 
transpulmonary administration, or transcutaneous adminis-
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tration. Administration can be systemic or local by intrave
nous injection, intramuscular injection, intraperitoneal injec
tion, subcutaneous injection.

A suitable means of administration can be selected based 
on the age and condition of the patient. A single dose of the 
pharmaceutical composition containing a modified glyco
protein can be selected from a range of 0.001 to 1000 mg/kg 
of body weight. On the other hand, a dose can be selected in 
the range of 0.001 to 100000 mg/body weight, but the 
present disclosure is not limited to such ranges. The dose and 
method of administration varies depending on the weight, 
age, condition, and the like of the patient, and can be suitably 
selected as needed by those skilled in the art.

All publications, patent applications, patents, and other 
references mentioned herein are incorporated by reference in 
their entirety. In addition, the materials, methods, and 
examples are illustrative only and not intended to be limit
ing. Unless otherwise defined, all technical and scientific 
terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Although methods and materials similar 
or equivalent to those described herein can be used in the 
practice or testing of the present invention, suitable methods 
and materials are described herein.

The disclosure is further illustrated by the following 
example. The example is provided for illustrative purposes 
only. It is not to be construed as limiting the scope or content 
of the disclosure in any way.

EXAMPLE

Effect of Putrescine on Glycosylation
Methods

The effect of putrescine on antibody glycoforms of a 
model antibody produced by CHO cells was analyzed. CHO 
cells genetically engineered to express the antibody were 
grown initially in base media (Power CHO2, Catalog # 
BE15-771, Lonza Inc., Allendale, N.J.). Cells were then 
inoculated (at 0.55x10s cells/mL) into a chemically defined 
medium containing 0.17 mg/L, 0.35 mg/L, or 0.52 g/L 
putrescine 2HC1 and cultured as a batch culture in TPP 
tubespins for 7 days.

Cell viability was assessed on day 4 using a hemocytom
eter using cells stained with trypan blue. Titer was deter
mined from the day-7 cultures by protein A affinity HPLC. 
Relative quantitation of each glycoform was performed on 
purified protein using Chip ToF. Chip ToF uses mass spec
trometry to measure the extracted ion chromatogram (XIC) 
area for each species after chip-based enzymatic removal 
and purification of N-glycans, relative to the total XIC for 
detected species (see, e.g., mAb-Glyco Chip Kit, Agilent 
Technologies).
Results

Cell growth and titer exhibited a dose response over 0.17 
mg/L, 0.35 mg/L, and 0.52 mg/L putrescine. Product titers 
of 40 mg/L, 58 mg/L, and 73 mg/L were measured from cells 
cultured in medium having 0.17 mg/L, 0.35 mg/L, and 0.52 
mg/L putrescine, respectively. At day 4, cells cultured in 
0.17 mg/L putrescine had a viable cell density (VCD) of 
1.5xl06 cells/mL; cells cultured in 0.35 mg/L putrescine had 
a VCD of 1.8xl06 cells/mL; and cells cultured in 0.52 mg/L 
putrescine had a VCD of 2.2x10s cells/mL.

As shown in FIG. 2, the fraction of fucosylated glycans 
increased with increasing levels of putrescine. The relation
ship was non-linear, suggesting saturation for this effect 
above 0.35 mg/L. Putrescine also altered the distribution of 

5

10

15

20

25

30

35

40

45

50

55

60

65

34
the major fucosylated species, leading to reduced levels of 
G0F, and increased levels of GIF and G2F (see FIG. 3).

Increasing putrescine also resulted in an increase in the 
level of galactosylation. As shown in FIG. 3, the relative 
change in G0F, GIF, and G2F was about 10% when com
paring 0.52 mg/L putrescine to 0.17 mg/L putrescine. The 
summed increase in GIF and G2F was greater than the 
decrease in G0F, resulting in an overall increase in the 
fucosylated pool (sum of the three major species).

The effects that putrescine had on high mannose glycans 
and sialylated glycans are depicted in FIG. 4. The high 
mannose glycans were reduced with increasing levels of 
putrescine, while level of sialylated glycans was increased.

The finding that high mannose glycans were decreased, 
while levels of sialylated glycans, fucosylated glycans, and 
galactosylated glycans were increased, suggest that 
putrescine may help promote the maturation of glycans.

This Example demonstrates that culturing cells in 
putrescine can be used to produce polypeptides expressed by 
the cells having particular levels of glycans, such as fuco
sylated glycans, galactosylated glycans, high mannose gly
cans, and sialylated glycans.

EQUIVALENTS

It is to be understood that while the disclosure has been 
described in conjunction with the detailed description 
thereof, the foregoing description is intended to illustrate 
and not limit the scope of the invention, which is defined by 
the scope of the appended claims. Other aspects, advantages, 
and modifications are within the scope of the following 
claims.

The invention claimed is:
1. A method of producing a recombinant protein prepa

ration having a target value of fucosylated glycans, the 
method comprising:

(a) providing a cell genetically engineered to express a 
recombinant protein;

(b) culturing the cell in a culture medium comprising 0.1 
mg/L to 10 mg/L putrescine under conditions in which 
the cell expresses the recombinant protein; and

(c) harvesting a preparation of the recombinant protein 
produced by the cell that meets the target value of the 
fucosylated glycans

wherein the target value of fucosylated glycans is a level 
at least 10% higher than a level of fucosylated glycans 
in a preparation produced by culturing the cell in the 
medium not comprising 0.1 mg/L to 10 mg/L 
putrescine.

2. The method of claim 1, wherein the recombinant 
protein is a recombinant therapeutic protein.

3. The method of claim 1, wherein the recombinant 
protein is a recombinant therapeutic antibody.

4. The method of claim 1, wherein the target value is a 
level of fucosylated glycans in a reference therapeutic 
protein.

5. The method of claim 1, wherein the target value is a 
level of fucosylated glycans in a reference therapeutic 
antibody.

6. The method of claim 1, further comprising evaluating 
a level of fucosylated glycans in the recombinant protein 
preparation.
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tration. Administration can be systemic or local by intrave
nous injection, intramuscular injection, intraperitoneal injec
tion, subcutaneous injection. 

A suitable means of administration can be selected based 
on the age and condition of the patient. A single dose of the 5 

pharmaceutical composition containing a modified glyco
protein can be selected from a range of0.001 to 1000 mg/kg 
of body weight. On the other hand, a dose can be selected in 
the range of 0.001 to 100000 mg/body weight, but the 
present disclosure is not limited to such ranges. The dose and 10 

method of administration varies depending on the weight, 
age, condition, and the like of the patient, and can be suitably 
selected as needed by those skilled in the art. 

All publications, patent applications, patents, and other 
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references mentioned herein are incorporated by reference in 
their entirety. In addition, the materials, methods, and 
examples are illustrative only and not intended to be limit
ing. Unless otherwise defined, all technical and scientific 
terms used herein have the same meaning as commonly 20 

understood by one of ordinary skill in the art to which this 
invention belongs. Although methods and materials similar 
or equivalent to those described herein can be used in the 
practice or testing of the present invention, suitable methods 
and materials are described herein. 25 
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the major fucosylated species, leading to reduced levels of 
G0F, and increased levels of GlF and G2F (see FIG. 3). 

Increasing putrescine also resulted in an increase in the 
level of galactosylation. As shown in FIG. 3, the relative 
change in G0F, GlF, and G2F was about 10% when com
paring 0.52 mg/L putrescine to 0.17 mg/L putrescine. The 
surmned increase in GlF and G2F was greater than the 
decrease in G0F, resulting in an overall increase in the 
fucosylated pool (sum of the three major species). 

The effects that putrescine had on high mannose glycans 
and sialylated glycans are depicted in FIG. 4. The high 
mannose glycans were reduced with increasing levels of 
putrescine, while level of sialylated glycans was increased. 

The finding that high mannose glycans were decreased, 
while levels of sialylated glycans, fucosylated glycans, and 
galactosylated glycans were increased, suggest that 
putrescine may help promote the maturation of glycans. 

This Example demonstrates that culturing cells in 
putrescine can be used to produce polypeptides expressed by 
the cells having particular levels of glycans, such as fuco
sylated glycans, galactosylated glycans, high mannose gly
cans, and sialylated glycans. 

EQUIVALENTS 
The disclosure is further illustrated by the following 

example. The example is provided for illustrative purposes 
only. It is not to be construed as limiting the scope or content 
of the disclosure in any way. 

EXAMPLE 

Effect of Putrescine on Glycosylation 
Methods 

It is to be understood that while the disclosure has been 
described in conjunction with the detailed description 
thereof, the foregoing description is intended to illustrate 

30 and not limit the scope of the invention, which is defined by 
the scope of the appended claims. Other aspects, advantages, 
and modifications are within the scope of the following 

The effect of putrescine on antibody glycoforms of a 35 

model antibody produced by CHO cells was analyzed. CHO 
cells genetically engineered to express the antibody were 
grown initially in base media (Power CHO2, Catalog # 
BE15-771, Lonza Inc., Allendale, N.J.). Cells were then 
inoculated (at 0.55xl06 cells/mL) into a chemically defined 40 

medium containing 0.17 mg/L, 0.35 mg/L, or 0.52 g/L 
putrescine 2HC1 and cultured as a batch culture in TPP 
tubespins for 7 days. 

Cell viability was assessed on day 4 using a hemocytom
eter using cells stained with trypan blue. Titer was deter- 45 

mined from the day-7 cultures by protein A affinity HPLC. 
Relative quantitation of each glycoform was performed on 
purified protein using Chip ToF. Chip ToF uses mass spec
trometry to measure the extracted ion chromatogram (XIC) 
area for each species after chip-based enzymatic removal 50 

and purification of N-glycans, relative to the total XIC for 
detected species (see, e.g., mAb-Glyco Chip Kit, Agilent 
Technologies). 

claims. 

The invention claimed is: 

1. A method of producing a recombinant protein prepa
ration having a target value of fucosylated glycans, the 
method comprising: 

(a) providing a cell genetically engineered to express a 
recombinant protein; 

(b) culturing the cell in a culture medium comprising 0.1 
mg/L to 10 mg/L putrescine under conditions in which 
the cell expresses the recombinant protein; and 

( c) harvesting a preparation of the recombinant protein 
produced by the cell that meets the target value of the 
fucosylated glycans 

wherein the target value of fucosylated glycans is a level 
at least 10% higher than a level of fucosylated glycans 
in a preparation produced by culturing the cell in the 
medium not comprising 0.1 mg/L to 10 mg/L 
putrescine. 

Results 
Cell growth and titer exhibited a dose response over 0.17 

mg/L, 0.35 mg/L, and 0.52 mg/L putrescine. Product titers 
of 40 mg/L, 58 mg/L, and 73 mg/L were measured from cells 
cultured in medium having 0.17 mg/L, 0.35 mg/L, and 0.52 
mg/L putrescine, respectively. At day 4, cells cultured in 
0.17 mg/L putrescine had a viable cell density (VCD) of 
1.5xl 06 cells/mL; cells cultured in 0.35 mg/L putrescine had 
a VCD of 1.8xl06 cells/mL; and cells cultured in 0.52 mg/L 
putrescine had a VCD of 2.2xl06 cells/mL. 

2. The method of claim 1, wherein the recombinant 
55 protein is a recombinant therapeutic protein. 

3. The method of claim 1, wherein the recombinant 
protein is a recombinant therapeutic antibody. 

4. The method of claim 1, wherein the target value is a 

60 
level of fucosylated glycans in a reference therapeutic 
protein. 

As shown in FIG. 2, the fraction of fucosylated glycans 
increased with increasing levels of putrescine. The relation- 65 

ship was non-linear, suggesting saturation for this effect 
above 0.35 mg/L. Putrescine also altered the distribution of 

5. The method of claim 1, wherein the target value is a 
level of fucosylated glycans in a reference therapeutic 
antibody. 

6. The method of claim 1, further comprising evaluating 
a level of fucosylated glycans in the recombinant protein 
preparation. 
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7. The method of claim 1, wherein the taiget value is:
(a) 70% to 100% fucosylated glycans.
8. The method of claim 1, wherein the culture medium 

further comprises one or more of lysine, ammonium, 
DMSO, copper, glucose, a growth factor, a vitamin, a lipid, 
and a peptone.

9. The method of claim 4, wherein the reference thera
peutic protein is selected from the group consisting of: 
abatacept, abciximab, adalimumab, aflibercept, alefacept, 
alemtuzumab, basiliximab, bevacizumab, belatacept, cer- 
tolizumab, cetuximab, daclizumab, eculizumab, efalizumab, 
entanercept, gemtuzumab, ibritumomab, infliximab, mur- 
omonab-CD3, natalizumab, omalizumab, palivizumab, 
panitumumab, ranibizumab, rilonacept, rituximab, tositu- 
momab, and trastuzumab.

10. A method of producing a recombinant protein prepa
ration, the method comprising:

(a) providing a taiget value of fucosylated glycans;
(b) providing a cell genetically engineered to express a 

recombinant protein;
(c) culturing the cell in a culture medium comprising 0.1 

mg/L to 10 mg/L putrescine under conditions in which 
the cell expresses the recombinant protein;

(d) harvesting a preparation of the recombinant protein 
produced by the cell; and

(e) formulating the preparation into a drug product if the 
preparation meets the target value of fucosylated gly
cans

wherein the target value of fucosylated glycans is a level 
at least 10% higher than a level of fucosylated glycans 
in a preparation produced by culturing the cell in the 
medium not comprising 0.1 mg/L to 10 mg/L 
putrescine.

11. The method of claim 10, further comprising evaluat
ing a level of fucosylated glycans in the recombinant protein 
preparation.

12. The method of claim 10, wherein the culture medium 
further comprises one or more of lysine, ammonium, 
DMSO, copper, glucose, a growth factor, a vitamin, a lipid, 
and a peptone.

13. The method of claim 6 or 11, further comprising 
recording the evaluated level of fucosylated glycans in a 
batch record for the preparation.

14. A method of increasing a level of fucosylated glycans 
in a recombinant protein preparation, the method compris
ing:

(a) providing a cell genetically engineered to express a 
recombinant protein;
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(b) culturing the cell in a culture medium comprising 0.1 

mg/L to 10 mg/L putrescine under conditions in which 
the cell expresses the recombinant protein; and

(c) harvesting a preparation of the recombinant protein 
produced by the cell, wherein the preparation has a 
level of fucosylated glycans, that is at least 10% higher 
than a level of fucosylated glycans in a preparation of 
the recombinant protein produced by culturing the cell 
in the medium not comprising 0.1 mg/L to 10 mg/L 
putrescine.

15. The method of claim 14, further comprising measur
ing a level of fucosylated glycans.

16. The method of claim 14, wherein the culture medium 
further comprises one or more of lysine, ammonium, 
DMSO, copper, glucose, a growth factor, a vitamin, a lipid, 
and a peptone.

17. The method of claim 15, further comprising recording 
the evaluated level of fucosylated glycans in a batch record 
for the preparation.

18. The method of any one of claims 1,10, or 14, wherein 
the culturing step comprises a first stage and a second stage, 
wherein the first stage comprises culturing the cell in the 
culture medium comprising a first level of putrescine, and 
the second stage comprises culturing the cell in the culture 
medium comprising a second level of putrescine which is 
increased relative to the first level.

19. The method of claim 18, wherein the second level is 
0.1 mg/L to 10 mg/L putrescine.

20. The method of claim 18, wherein the first stage 
comprises culturing the cell in the first level of putrescine for 
1 to 8 days.

21. The method of claim 20, wherein the second stage 
comprises culturing the cell in the second level of putrescine 
for 1 to 12 days.

22. The method of any one of claims 1,10, or 14, wherein 
the cell is a Chinese Hamster Ovary (CHO) cell.

23. The method of any one of claims 1, 10 or 14, wherein 
the recombinant protein is selected from the group consist
ing of: abatacept, abciximab, adalimumab, aflibercept, ale
facept, alemtuzumab, basiliximab, bevacizumab, belatacept, 
certolizumab, cetuximab, daclizumab, eculizumab, efali
zumab, entanercept, gemtuzumab, ibritumomab, infliximab, 
muromonab-CD3, natalizumab, omalizumab, palivizumab, 
panitumumab, ranibizumab, rilonacept, rituximab, tositu- 
momab, and trastuzumab.

24. The method of any one of claims 1,10, or 14, wherein 
the culturing step comprises adding putrescine to the culture 
medium.
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7. The method of claim 1, wherein the target value is: 
(a) 70% to 100% fucosylated glycans. 
8. The method of claim 1, wherein the culture medium 

further comprises one or more of lysine ammonium 
DMSO, copper, glucose, a growth factor, a vitamin, a lipid: 5 

and a peptone. 
9. The method of claim 4, wherein the reference thera

peutic protein is selected from the group consisting of: 
abatacept, abciximab, adalimumab, aflibercept, alefacept, 
alemtuzumab, basiliximab, bevacizumab, belatacept, cer- 10 

tolizumab, cetuximab, daclizumab, eculizumab, efalizumab, 
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panitumumab, ranibizumab, rilonacept, rituximab, tositu-
momab, and trastuzumab. 
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recombinant protein; 
( c) culturing the cell in a culture medium comprising 0.1 

mg/L to 10 mg/L putrescine under conditions in which 
the cell expresses the recombinant protein; 

( d) harvesting a preparation of the recombinant protein 
produced by the cell; and 

( e) formulating the preparation into a drug product if the 
preparation meets the target value of fucosylated gly
cans 
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wherein the target value of fucosylated glycans is a level 30 
at least 10% higher than a level offucosylated glycans 
in a preparation produced by culturing the cell in the 
medium not comprising 0.1 mg/L to 10 mg/L 
putrescine. 

11. The method of claim 10, further comprising evaluat- 35 
ing a level offucosylated glycans in the recombinant protein 
preparation. 

12. The method of claim 10, wherein the culture medium 
further comprises one or more of lysine ammonium 
DMSO, copper, glucose, a growth factor, a vitamin, a lipid: 
and a peptone. 

40 

13. The method of claim 6 or 11, further comprising 
recording the evaluated level of fucosylated glycans in a 
batch record for the preparation. 
. 14. A method of increasing a level of fucosylated glycans 45 
m a recombinant protein preparation, the method compris
ing: 

(a) providing a cell genetically engineered to express a 
recombinant protein; 
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(b) culturing the cell in a culture medium comprising 0.1 

mg/L to 10 mg/L putrescine under conditions in which 
the cell expresses the recombinant protein; and 

( c) harvesting a preparation of the recombinant protein 
produced by the cell, wherein the preparation has a 
level offucosylated glycans, that is at least 10% higher 
than a level of fucosylated glycans in a preparation of 
the recombinant protein produced by culturing the cell 
in the i_nedium not comprising 0.1 mg/L to 10 mg/L 
putrescme. 

15. The method of claim 14, further comprising measur
ing a level of fucosylated glycans. 

16. The method of claim 14, wherein the culture medium 
further comprises one or more of lysine ammonium 
DMSO, copper, glucose, a growth factor, a vitamin, a lipid: 
and a peptone. 

17. The method of claim 15, further comprising recording 
the evaluated level of fucosylated glycans in a batch record 
for the preparation. 

18. The method of any one of claims 1, 10, or 14, wherein 
the culturing step comprises a first stage and a second stage, 
wherein the first stage comprises culturing the cell in the 
culture medium comprising a first level of putrescine, and 
the second stage comprises culturing the cell in the culture 
medium comprising a second level of putrescine which is 
increased relative to the first level. 

19. The method of claim 18, wherein the second level is 
0.1 mg/L to 10 mg/L putrescine. 

20. The method of claim 18, wherein the first stage 
comprises culturing the cell in the first level of putrescine for 
1 to 8 days. 

21. The method of claim 20, wherein the second stage 
comprises culturing the cell in the second level of putrescine 
for 1 to 12 days. 

22. The method of any one of claims 1, 10, or 14, wherein 
the cell is a Chinese Hamster Ovary (CHO) cell. 

23. The method of any one of claims 1, 10 or 14, wherein 
the recombinant protein is selected from the group consist
ing of: abatacept, abciximab, adalimumab, aflibercept, ale
facept, alemtuzumab, basiliximab, bevacizumab, belatacept, 
certolizumab, cetuximab, daclizumab, eculizumab, efali
zumab, entanercept, gemtuzumab, ibritumomab, infliximab, 
muromonab-CD3, natalizumab, omalizumab, palivizumab, 
panitumumab, ranibizumab, rilonacept, rituximab, tositu
momab, and trastuzumab. 

24. The method of any one of claims 1, 10, or 14, wherein 
the culturing step comprises adding putrescine to the culture 
medium. 
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555 Eleventh Street, N.W., Suite 1000 
Washington, D.C.  20004-1304 
Tel: +1.202.637.2200  Fax: +1.202.637.2201 
www.lw.com 

FIRM / AFFILIATE OFFICES 
Austin Milan 
Beijing Munich 
Boston New York 
Brussels Orange County 
Century City Paris 
Chicago Riyadh 
Dubai San Diego 
Düsseldorf San Francisco 
Frankfurt Seoul 
Hamburg Shanghai 
Hong Kong Silicon Valley 
Houston Singapore 
London Tel Aviv 
Los Angeles Tokyo 
Madrid Washington, D.C. 
 

February 2, 2023 
 

Electronic Mail 
Siegmund Gutman, Esq. 
Proskauer Rose LLP 
2029 Century Park East 
Suite 2400 
Los Angeles, CA 90067-3010 

Re: Amgen aBLAs for ABP 654 (ustekinumab) 

Dear Sige: 

In view of Amgen’s early notice of commercial marketing, Janssen voluntarily provides 
this list pursuant to 42 U.S.C. § 262(l).   

 
Janssen reserves all rights to supplement or revise this list, including in light of any 

additional information that Amgen may provide.  

Patent No.  Application No.  Expiration Date 
6,902,734 09/920,262 September 25, 2023 

8,852,889 14/149,931 July 6, 2032 

9,217,168 13/829,333 March 14, 2033 

9,475,858 14/131,005 July 6, 2032 

9,663,810 14/941,984 March 14, 2033 

10,961,307 16/580,509 September 24, 2039 

In the event that Amgen asserts that any of these patents are either not infringed or invalid 
pursuant to 42 U.S.C. § 262(l)(3)(B)(ii)(I), we ask that Amgen identify and provide copies of any 
documentary evidence supporting those assertions so that Janssen may fully consider it.  

Regards,  

/s/ Michael Morin 

Michael Morin 
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555 Eleventh Street, N.W., Suite 1000 
Washington, D.C.  20004-1304 
Tel: +1.202.637.2200  Fax: +1.202.637.2201 
www.lw.com 

FIRM / AFFILIATE OFFICES 
Austin Milan 
Beijing Munich 
Boston New York 
Brussels Orange County 
Century City Paris 
Chicago Riyadh 
Dubai San Diego 
Düsseldorf San Francisco 
Frankfurt Seoul 
Hamburg Shanghai 
Hong Kong Silicon Valley 
Houston Singapore 
London Tel Aviv 
Los Angeles Tokyo 
Madrid Washington, D.C. 
 

November 28, 2022 
 
 
 
 
Siegmund Gutman, Esq. 
Proskauer 
2029 Century Park East 
Suite 2400 
Los Angeles, CA 90067-3010 
d 310.284.4533 
f  310.557.2193  
sgutman@proskauer.com 
 
 

Re: November 7, 2022 Notice of Commercial Marketing re: ABP 654 

 Dear Sige: 

We write further to my email of November 11 and our discussions of November 10 and 
14.  We again ask that Amgen provide the information we requested, including Amgen’s aBLA 
and details regarding its manufacturing process and injection device.  As we have explained, this 
information would help streamline any judicial proceedings, benefiting the Court and the parties. 

We also write to provide a list of U.S. patents (attached as Exhibit A) we believe are 
relevant to Amgen’s proposed biosimilar product.  For each patent, if Amgen does not think that 
its proposed product or its manufacture will infringe, please provide an explanation of why and 
any evidence to support your contention.  As with the previously-requested information, your 
response could help streamline any judicial proceedings.  Given that Amgen has already filed its 
180-day notice, and has given no indication it will be participating in the patent dance, we ask for 
this information no later than Monday, December 5. 

      

Best regards, 
 

 
 
Michael A. Morin 
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Exhibit A: List of U.S. Patents 
 
 

6,773,600 6,902,734 7,598,083 7,736,650 7,785,292 

7,820,799 7,901,377 8,277,414 8,313,463 8,313,464 

8,313,465 8,317,751 8,361,474 8,361,705 8,366,669 

8,609,372 8,834,419 8,845,594 8,852,889 8,853,371 

8,939,958 8,956,830 8,968,236 9,028,451 9,028,453 

9,029,081 9,072,833 9,217,168 9,358,346 9,475,858 

9,487,810 9,649,441 9,663,810 9,675,757 9,675,758 

9,682,194 9,731,080 9,757,520 9,770,558 9,895,493 

10,421,986 10,709,849 10,774,353 10,799,646 10,961,307 

11,123,492 11,173,255  
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EXHIBIT KK 
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EXHIBITS LL-XX 

REDACTED IN 
THEIR ENTIRETY
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