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FIGURE 18 
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ANTI-INTERLEUKIN-4 RECEPTOR 
ANTIBODIES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of US. application Ser. 
No. 12/291,702, ?led Nov. 13, 2008, noW abandoned, Which 
is a continuation of US. application Ser. No. 11/588,696, 
?led Oct. 27, 2006, now US. Pat. No. 7,465,450, Which is a 
divisional ofU.S. application Ser. No. 10/324,493, ?led Dec. 
19, 2002, now US. Pat. No. 7,186,809, Which is a continua 
tion of US. application Ser. No. 09/847,816, ?led May 1, 
2001, abandoned. The above-identi?ed applications are 
incorporated herein by reference. 

REFERENCE TO THE SEQUENCE LISTING 

The present application is being ?led along With a 
Sequence Listing in electronic format via EFS-Web. The 
Sequence Listing is provided as a text ?le entitled 
3005USCNT3st25.txt, created Jun. 30, 2010, Whichis 55,527 
bytes in siZe. The information in the electronic format of the 
Sequence Listing is incorporated herein by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 

Interleukin-4 (IL-4), previously knoWn as B cell stimulat 
ing factor, or BSF-l, Was originally characterized by its abil 
ity to stimulate the proliferation of B cells in response to loW 
concentrations of antibodies directed to surface immunoglo 
bulin. IL-4 has been shoWn to possess a far broader spectrum 
of biological activities, including groWth co-stimulation of T 
cells, mast cells, granulocytes, megakaryocytes, and erythro 
cytes. In addition, IL-4 stimulates the proliferation of several 
IL-2- and IL-3-dependent cell lines, induces the expression of 
class II major histocompatibility complex molecules on rest 
ing B cells, and enhances the secretion of IgE and IgG1 
isotypes by stimulated B cells. IL-4 is associated With a 
TH2-type immune response, being one of the cytokines 
secreted by TH2 cells. 

Murine and human IL-4 have been identi?ed and charac 
teriZed, including cloning of IL-4 cDNAs and determination 
of the nucleotide and encoded amino acid sequences. (See 
Yokota et al., Proc. Natl. Acad. Sci. USA 8315894, 1986; 
Noma et al., Nature 3191640, 1986; Grabstein et al., J. Exp. 
Med. 163: 1405, 1986; and US. Pat. No. 5,017,691.) 

IL-4 binds to particular cell surface receptors, Which 
results in transduction of a biological signal to cells such as 
various immune effector cells. IL-4 receptors are described, 
and DNA and amino acid sequence information presented, in 
Mosley et al., Cell 591335-348, Oct. 20, 1989 (murine IL-4R); 
IdZerda et al., J. Exp. Med. 1711861-873, March 1990 (human 
IL-4R); and US. Pat. No. 5,599,905. The IL-4 receptor 
described in these publications is sometimes referred to as 
IL-4R0t. 

Other proteins have been reported to be associated With 
IL-4RO. on some cell types, and to be components of multi 
subunit IL-4 receptor complexes. One such subunit is IL-2Ry, 
also knoWn as IL-2Ryc. (See the discussion of IL-4R com 
plexes in Sato et al., Current Opinion in Cell Biology, 61174 
179, 1994.) IL-4RO. has been reported to be a component of 
certain multi-subunit IL-13 receptor complexes (ZuraWski et 
al., J Biol. Chem. 270 (23), 13869, 1995; de Vries, J. Allergy 
Clin. Immunol. 102(2)1165, August 1998; and Callard et al. 
Immunology Today, 17(3)1108, March 1996). 
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2 
IL-4 has been implicated in a number of disorders, 

examples of Which are allergy and asthma. Studies of biologi 
cal properties of IL-4 continue, in an effort to identify addi 
tional activities associated With this pleiotrophic cytokine, 
and to elucidate the role IL-4 may play in various biological 
processes and diseases. 

SUMMARY OF THE INVENTION 

The present invention provides methods for treating certain 
conditions induced by IL-4, comprising administering an 
IL-4 antagonist to a patient afflicted with such a condition. 
Also provided are compositions for use in such methods, 
comprising an effective amount of an IL-4 antagonist and a 
suitable diluent, excipient, or carrier. Endogenous IL-4 may 
be contacted With an IL-4 antagonist in alternative methods, 
such as those involving ex vivo procedures. 
Among the conditions to be treated in accordance With the 

present invention are septic arthritis, dermatitis herpetifor 
mis, chronic idiopathic urticaria, ulcerative colitis, sclero 
derma, hypertrophic scarring, Whipple’s Disease, benign 
prostate hyperplasia, lung disorders in Which IL-4 plays a 
role, conditions in Which IL-4-induced epithelial barrier dis 
ruption plays a role, disorders of the digestive system in 
Which IL-4 plays a role, allergic reactions to medication, 
Kawasaki disease, sickle cell crisis, Churg-Strauss syndrome, 
Grave’s disease, pre-eclampsia, Sjogren’s syndrome, 
autoimmune lymphoproliferative syndrome, autoimmune 
hemolytic anemia, Barrett’s esophagus, autoimmune uveitis, 
tuberculosis, and nephrosis. IL-4 antagonists also ?nd use as 
adjuvants to allergy immunotherapy and as vaccine adju 
vants. 

IL-4 antagonists include, but are not limited to, IL-4 recep 
tors (IL-4R), antibodies that bind IL-4, antibodies that bind 
IL-4R, IL-4 muteins that bind to IL-4R but do not induce a 
biological response, molecules that inhibit IL-4-induced sig 
nal transduction, and other compounds that inhibit a biologi 
cal effect that results from the binding of IL-4 to a cell surface 
IL-4R. 

Examples of IL-4 receptors are soluble forms of the human 
IL-4 receptor of SEQ ID NO12. Particular antibodies pro 
vided herein include human monoclonal antibodies gener 
ated by procedures involving immunization of transgenic 
mice. Such human antibodies may be directed against human 
IL-4 receptor, for example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A-C present the nucleotide sequence of the coding 
region of a human IL-4 receptor cDNA. The amino acid 
sequence encoded by the cDNA is presented as Well. The 
cDNA clone Was isolated from a cDNA library derived from 
a human T cell line T22. The encoded protein comprises 
(from N- to C-terminus) an N-terminal signal peptide, fol 
loWed by an extracellular domain, a transmembrane region 
(underlined), and a cytoplasmic domain, as discussed further 
beloW. The DNA and amino acid sequences of FIGS. 1A to 1C 
are also presented in SEQ ID NOS11 and 2, respectively. 

FIGS. 2A to 2C depict targeted insertion of a neo cassette 
into the Sma I site of the p11 exon. The construct Was employed 
in generating transgenic mice, as described in Example 2. 
FIG. 2A is a schematic diagram of the genomic structure of 
the p. locus. The ?lled boxes represent the p. exons. FIG. 2B is 
a schematic diagram of the CmD targeting vector. The dotted 
lines denote those genomic p sequences included in the con 
struct. Plasmid sequences are not shoWn. FIG. 2C is a sche 
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matic diagram of the targeted p. locus in which the neo cas 
sette has been inserted into pl. 

FIGS. 3A and 3B present the nucleotide sequence of a 
vector designated pGPlk, as described in Example 3 below. 
This nucleotide sequence also is presented in SEQ ID NO:4. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides methods for treating certain 
conditions induced by IL-4, and for inhibiting biological 
activities of interleukin-4 (IL-4) in vivo. One method com 
prises administering an IL-4 antagonist to a patient a?licted 
with such a condition. Compositions for use in such methods 
for treating IL-4-induced conditions also are provided. 
Among the conditions to be treated in accordance with the 

present invention are septic/reactive arthritis, dermatitis her 
petiformis, chronic idiopathic urticaria, scleroderma, hyper 
trophic scarring, Whipple’s Disease, benign prostate hyper 
plasia, lung disorders in which IL-4 plays a role, conditions in 
which IL-4-induced epithelial barrier disruption plays a role, 
disorders of the digestive system in which IL-4 plays a role, 
including in?ammatory bowel disease and other in?amma 
tory conditions in the gastrointestinal tract, allergic reactions 
to medication, Kawasaki disease, sickle cell disease (includ 
ing sickle cell crisis), Churg-Strauss syndrome, Grave’s dis 
ease, pre-eclampsia, Sjogren’s syndrome, autoimmune lym 
phoproliferative syndrome, autoimmune hemolytic anemia, 
Barrett’s esophagus, autoimmune uveitis, tuberculosis, and 
nephrosis, as described in more detail below. IL-4 antagonists 
also ?nd use as adjuvants to allergy immunotherapy and as 
vaccine adjuvants. 

IL-4 antagonists that may be employed include those com 
pounds that inhibit a biological activity of IL-4. Biological 
activity(ies) of IL-4 that are inhibited by an antagonist in 
accordance with methods provided herein are activities that 
play a role in the particular disease to be treated. 

Suitable antagonists include, but are not limited to, IL-4 
receptors (IL-4R), antibodies that bind IL-4, antibodies that 
bind IL-4R, IL-4 muteins that bind to IL-4R but do not induce 
biological responses, molecules that inhibit IL-4-induced sig 
nal transduction, and other compounds that inhibit a biologi 
cal effect that results from the binding of IL-4 to a cell surface 
IL-4R. Examples of such IL-4 antagonists are described in 
more detail below. Particular embodiments of the invention 
are directed to novel antibodies, polypeptides, and nucleic 
acid molecules, as described below. Antibodies provided 
herein include, but are not limited to, human monoclonal 
antibodies that bind to human IL-4 receptor, and that function 
as antagonists of both IL-4 and IL-l3. 
Indications 

The present invention provides methods comprising 
administering an IL-4 antagonist to a patient af?icted with 
any of a number of conditions induced by IL-4. IL-4-induced 
conditions include conditions caused or exacerbated, directly 
or indirectly, by IL-4. Other factors or cytokines also may 
play a role in such conditions, but IL-4 induces or mediates 
the condition to some degree, i.e., at least in part. 

The biological activities of IL-4 are mediated through 
binding to speci?c cell surface receptors, referred to as inter 
leukin-4 receptors (IL-4R). IL-4-induced conditions include 
those arising from biological responses that result from the 
binding of IL-4 to a native IL-4 receptor on a cell, or which 
may be inhibited or suppressed by preventing IL-4 from bind 
ing to an IL-4 receptor. Conditions that may be treated 
include, but are not limited to, medical disorders character 
iZed by abnormal or excess expression of IL-4, or by an 
abnormal host response to IL-4 production. Further examples 
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4 
are conditions in which IL-4-induced antibody production, or 
proliferation or in?ux of a particular cell type, plays a role. 
IL-4-induced disorders include those in which IL-4 induces 
upregulation of IL-4 receptors or enhanced production of 
another protein that plays a role in a disease (e.g., another 
cytokine). 
A method for treating a mammal, including a human 

patient, who has such a medical disorder comprises adminis 
tering an IL-4 antagonist to the mammal or otherwise con 
tacting endogenous IL-4 with an antagonist, e.g., in an ex vivo 
procedure. Conditions that may be treated in accordance with 
the present invention include, but are not limited to, septic/ 
reactive arthritis, dermatitis herpetiformis, urticaria (espe 
cially chronic idiopathic urticaria), ulcers, gastric in?amma 
tion, mucosal in?ammation, ulcerative colitis, Crohn’s 
Disease, in?ammatory bowel disease, other disorders of the 
digestive system in which IL-4 plays a role (e.g., IL-4-in 
duced in?ammation of part of the gastrointestinal tract), con 
ditions in which IL-4-induced barrier disruption plays a role 
(e.g., conditions characterized by decreased epithelial barrier 
function in the lung or gastrointestinal tract), scleroderma, 
hypertrophic scarring, Whipple’s Disease, benign prostate 
hyperplasia, IL-4-induced pulmonary conditions (including 
those listed below), allergic reactions to medication, 
Kawasaki disease, sickle cell disease or crisis, Churg-Strauss 
syndrome, Grave’s disease, pre-eclampsia, Sjogren’s syn 
drome, autoimmune lymphoproliferative syndrome, autoim 
mune hemolytic anemia, Barrett’s esophagus, autoimmune 
uveitis, tuberculosis, nephrosis, pemphigus vulgaris or 
bullous pemphigoid (autoimmune blistering diseases), and 
myasthenia gravis (an autoimmune muscular disease). IL-4 
antagonists also ?nd use as adjuvants to allergy immuno 
therapy and as vaccine adjuvants, especially when directing 
the immune response toward a THl response would be ben 
e?cial in treating or preventing the disease in question. 

Septic/Reactive Arthritis 
IL-4 antagonists may be employed in treating septic arthri 

tis, which also is known as reactive arthritis or bacterial 
arthritis. Septic arthritis can be triggered by (result from, or 
develop subsequent to) infection with such microbes as Sla 
phylococcus aureus, Chlamydia Zrachomalis, Yersinia e.g., I’. 
enlerocolilica, Salmonella, e.g., S. enlerilidis, Shigella and 
Campylobacler. S. aureus has been reported to be the major 
human pathogen in septic arthritis, responsible for the major 
ity of cases. 

IL-4 and IL-4-dependent Th2 responses play roles in pro 
moting septic arthritis. IL-4 antagonist(s) are employed in 
accordance with the invention, to inhibit IL-4 and also to 
suppress the Th2 response in patients having septic arthritis or 
at risk for developing septic arthritis. 

IL-4 increases bacterial burden and bacterial persistence in 
joints, by inhibiting clearance of the bacteria. IL-4 antago 
nists may be employed to assist in the clearance of bacteria 
associated with reactive arthritis, thereby reducing clinical 
manifestations such as swelling in joints. IL-4 antagonists 
may be administered to a human patient a?licted with septic 
arthritis, to reduce IL-4-mediated joint in?ammation. In one 
approach, an antagonist is injected into a joint, e.g., into 
synovial ?uid in the knee. 
The use of IL-4 antagonists may bene?t patients having (or 

at risk for) septic arthritis by suppressing a TH2 response and 
promoting a THl response against the infection. TH2 cytok 
ines may contribute to bacterial persistence in the joint, 
whereas a THl response plays a role in eliminating the bac 
teria. 
The antagonists may be administered to patients infected 

with bacteria or other microbes such as those listed above, to 
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prevent development of septic arthritis. Antagonist(s) may be 
administered after diagnosis With such an infection, but 
before development of clinical symptoms of septic arthritis. 

Whipple’s Disease 
Tropheryma whippelii is the causative bacterium for Whip 

ple’s Disease, also knoWn as intestinal lipodystrophy and 
lipophagia granulomatosis. The disease is characterized by 
steatorrhea, frequently generalized lymphadenopathy, arthri 
tis, fever, and cough. Also reported in Whipple’s Disease 
patients are an abundance of “foamy” macrophages in the 
jejunal lamina propria, and lymph nodes containing periodic 
acid-schiff positive particles appearing bacilliform by elec 
tron microscopy (Sleadman ’s Medical Dictionary, 26th Edi 
tion, Williams & Wilkins, Baltimore, Md., 1995). 

The use of IL-4 antagonist(s) may bene?t patients having 
(or at risk for developing) Whipple’s Disease, by restoring a 
normal balance betWeen the THl and TH2 components of the 
patient’s immune response. Increased production of IL-4 (a 
TH2-type cytokine) and decreased levels of certain THl-type 
cytokines have been associated With Whipple’ s Disease. TH2 
cytokines may contribute to bacterial persistence, Whereas a 
THl response plays a role in clearing the causative bacteria. 
IL-4 antagonists may be administered to patients infected 
With T whippeli i, Whether or not the patient exhibits clinical 
symptoms of Whipple’s Disease. 

Dermatitis Herpetiformis 
Dermatitis herpetiformis, also knoWn as Duhring’s dis 

ease, is a chronic skin condition characterized by blistering 
skin lesions, cutaneous IgA deposits, and itching. Patients 
have an immunobullous skin disorder With an associated glu 
ten sensitive enteropathy, Which is mediated by a Th2 
immune response. IL-4 antagonist(s) are administered in 
accordance With the present invention, to inhibit IL-4 and the 
Th2 response, thus promoting healing of current lesions and 
reducing or preventing the formation of blisters on the exten 
sor body surfaces. 

Hypertrophic Scarring 
In accordance With the present invention, IL-4 

antagonist(s) are administered to patients Who have, or are 
susceptible to developing, hypertrophic scarring. In one 
methodprovided herein, an IL-4 antagonist is administered to 
a burn patient. An immune response to burns and other injury 
is believed to play a role in the pathogenesis of hypertrophic 
scarring. Increased production of TH2-type cytokines, 
including IL-4, and reduced levels of certain THl -type cytok 
ines have been reported in burn patients Who have hypertropic 
scarring. The use of IL-4 antagonists may bene?t patients 
having (or at risk for developing) hypertrophic scarring, by 
suppressing a TH2-type immune response. 

Urticaria 
Urticaria, especially chronic forms thereof such as chronic 

idiopathic urticaria (CIU), may be treated With an IL-4 
antagonist in accordance With the present invention. CIU 
patients have higher serum levels of IL-4 than controls, and 
may have a predominantly TH2-type cytokine pro?le. Mast 
cells and Th2-type T cells are implicated as primary effector 
cells in chronic urticaria. IL-4 stimulates mast cell prolifera 
tion. Mast cell degranulation leads to histamine release, sub 
sequent erythema, eosinophilia, redness of skin, and itching. 
IL-4 antagonists are administered to inhibit IL-4 and reduce 
the TH2-type response, thereby helping to control a patient’ s 
urticaria. 

Ulcerative Colitis; Other Disorders of the Gastrointestinal 
Tract 

IL-4 is implicated in the pathogenesis of ulcerative colitis. 
Th2-type cytokines including IL-4 may predominate in the 
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6 
colonic mucosa of patients With this disorder. The use of IL-4 
antagonist(s) to suppress the TH2 response may alleviate this 
condition. 

In addition to ulcerative colitis, other disorders of the gas 
trointestinal tract or digestive system may be treated With 
IL-4 antagonist(s). Examples of such disorders include, but 
are not limited to, in?ammatory boWel disease (IBD), With 
ulcerative colitis and Crohn’s Disease being forms of IBD, 
gastritis, ulcers, and mucosal in?ammation. 
Any gastrointestinal condition in Which IL-4 plays a role 

may be treated With an IL-4 antagonist in accordance With the 
present invention. For example, conditions involving IL-4 
induced in?ammation of part of the gastrointestinal tract may 
be treated With an IL-4 antagonist. Particular embodiments 
are directed to treatment of chronic in?ammatory conditions 
in the gastrointestinal tract. 

Other embodiments are directed to conditions in Which 
IL-4-induced barrier disruption plays a role, e.g., conditions 
characterized by decreased epithelial barrier function in at 
least a portion of the gastrointestinal tract. Such conditions 
may, for example, involve damage to the epithelium that is 
induced by IL-4, directly or indirectly. 
The intestinal epithelium forms a relatively impermeable 

barrier betWeen the lumen and the submucosa. Disruption of 
the epithelial barrier has been associated With conditions such 
as in?ammatory boWel disease. See the discussion in 
Youakim, A. and M. Ahdieh (Am. J. Physiol. 276 (Gas 
lroinlesl. Liver Physiol. 39):Gl279-Gl288, 1999), hereby 
incorporated by reference in its entirety. A damaged or 
“leaky” barrier can alloW antigens to cross the barrier, Which 
in turn elicits an immune response that may cause further 
damage to gastrointestinal tissue. Such an immune response 
may include recruitment of neutrophils or T cells, for 
example. An IL-4 antagonist may be administered to inhibit 
undesirable stimulation of an immune response. 
Lung Disorders 
Methods for treating IL-4-induced pulmonary disorders 

are provided herein. Such disorders include, but are not lim 
ited to, lung ?brosis, including chronic ?brotic lung disease, 
other conditions characterized by IL-4-induced ?broblast 
proliferation or collagen accumulation in the lungs, pulmo 
nary conditions in Which a TH2-type immune response plays 
a role, conditions characterized by decreased barrier function 
in the lung (e.g., resulting from IL-4-induced damage to the 
epithelium), or conditions in Which IL-4 plays a role in an 
in?ammatory response. 

Cystic ?brosis is characterized by the overproduction of 
mucus and development of chronic infections. Inhibiting IL-4 
and the Th2 response Will reduce mucus production and help 
control infections such as allergic bronchopulmonary 
aspergillosis (ABPA). 

Allergic bronchopulmonary mycosis occurs primarily in 
patients With cystic ?brosis or asthma, Where a Th2 immune 
response is dominant. Inhibiting IL-4 and the Th2 response 
Will help clear and control these infections. 

Chronic obstructive pulmonary disease is associated With 
mucus hypersecrection and ?brosis. Inhibiting IL-4 and the 
Th2 response Will reduce the production of mucus and the 
development of ?brous thereby improving respiratory func 
tion and delaying disease progression. 

Bleomycin-induced pneumopathy and ?brosis, and radia 
tion-induced pulmonary ?brosis are disorders characterized 
by ?brosis of the lung Which is manifested by the in?ux of 
Th2, CD4+ cells and macrophages, Which produce IL-4 
Which in turn mediates the development of ?brosis. Inhibiting 
IL-4 and the Th2 response Will reduce or prevent the devel 
opment of these disorders. 
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Pulmonary alveolar proteinosis is characterized by the dis 
ruption of surfactant clearance. lL-4 increases surfactant 
product. Use of IL-4 antagonists Will decrease surfactant 
production and decrease the need for Whole lung lavage. 

Adult respiratory distress syndrome (ARDS) may be 
attributable to a number of factors, one of Which is exposure 
to toxic chemicals. One patient population susceptible to 
ARDS is critically ill patients Who go on ventilators. ARDS is 
a frequent complication in such patients. lL-4 antagonists 
may alleviate ARDS by reducing in?ammation and adhesion 
molecules, although methods for treating such patients in 
accordance With the present invention are not limited by a 
particular mechanism of action. lL-4 antagonists may be used 
to prevent or treat ARDS. 

Sarcoidosis is characterized by granulomatus lesions. Use 
of IL-4 antagonists to treat sarcoidosis, particularly pulmo 
nary sarcoidosis, is contemplated herein. 

Conditions in Which lL-4-induced barrier disruption plays 
a role (e.g., conditions characterized by decreased epithelial 
barrier function in the lung) may be treated with IL-4 antago 
nist(s). Damage to the epithelial barrier in the lungs may be 
induced by IL-4 directly or indirectly. The epithelium in the 
lung functions as a selective barrier that prevents contents of 
the lung lumen from entering the submucosa. A damaged or 
“leaky” barrier alloWs antigens to cross the barrier, Which in 
turn elicits an immune response that may cause further dam 
age to lung tissue. Such an immune response may include 
recruitment of eosinophils or mast cells, for example. An lL-4 
antagonist may be administered to inhibit such undesirable 
stimulation of an immune response. 

lL-4 antagonists may be employed to promote healing of 
lung epithelium, thus restoring barrier function. lL-4 antago 
nists may be employed to promote healing of lung epithelium 
in asthmatics, for example. Alternatively, the antagonist is 
administered for prophylactic purposes, to prevent lL-4-in 
duced damage to lung epithelium. 

Tuberculosis 

A TH2-type immune response is implicated in playing a 
role in causing tissue damage (e. g., necrosis of lung tissue) in 
tuberculosis (TB) patients. Elevated levels of IL-4 are asso 
ciated With TB. IL-4 production may be particularly elevated 
in cavitary tuberculosis (i.e., in TB patients Who have devel 
oped pulmonary cavities, Which can be detected/visualized 
by such techniques as radiographs of the chest). 

lL-4 antagonists may bene?t TB patients (especially those 
With cavitary TB) by suppressing a TH2-type immune 
response, or by binding (and inactivating) excess secreted 
lL-4. Methods for treating such patients in accordance With 
the present invention are not limited by a particular mecha 
nism of action, hoWever. lL-4 antagonists advantageously are 
administered in an amount that restores the desired balance 
betWeen the THl and TH2 components of the immune 
response, and reduces lL-4-induced tissue damage in a 
patient. 

Churg- Strauss Syndrome 
Churg-Strauss syndrome, a disease also knoWn as allergic 

granulomatous angiitis, is characterized by in?ammation of 
the blood vessels in persons With a history of asthma or 
allergy, and by eosinophilia. lL-4 antagonist(s) may be 
administered to alleviate in?ammation in patients With this 
syndrome. The use of IL-4 antagonists to suppress a TH2 
type immune response, and to combat eosinophilia, Would 
bene?t the patients. 
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Pre-Eclampsia 
Pre-eclampsia is a toxemia of late pregnancy. The condi 

tion is characterized by a sharp rise in blood pressure, gener 
ally accompanied by edema and albuminuria, during the third 
term of pregnancy. 

Elevated THl -type and TH2-type immune responses may 
play a role in the condition. One method provided herein 
comprises administering an lL-4 antagonist to a pregnant 
Woman Who has developed pre-eclampsia. The lL-4 antago 
nist is administered in an amount, and for a period of time, 
suf?cient to reduce the level of IL-4 (or of TH2-type cytok 
ines collectively) to a level that is considered normal during 
pregnancy. In general, the IL-4 antagonist is administered 
repeatedly throughout the duration of the pregnancy. 

Scleroderma 
lL-4 antagonist(s) are administered to scleroderma patients 

in accordance With the invention. The antagonists reduce 
lL-4-induced collagen synthesis by ?broblasts in the patients. 
The antagonists may be employed in preventing or reducing 
?brosis in skin and lung tissues, as Well as other tissues in 
Which ?brosis occurs in scleroderma patients, suppressing 
collagen synthesis in such tissues, and in treating sclero 
derma-related pulmonary disease. 

Benign Prostate Hyperplasia 
Benign prostate hyperplasia (BPH), also knoWn as benign 

prostate hypertrophy, may be treated with IL-4 antagonist(s). 
While not Wishing to be bound by a particular mechanism of 
action, administration of an lL-4 inhibitor may bene?t a 
patient With BPH by suppressing lL-4-induced in?ammation, 
or by suppressing a TH2-type immune response. 

Grave’s Disease 
Antibodies directed against thyrotropin receptor play an 

important role in Grave’ s Disease, a disorder characterized by 
hyperthyroidism. Studies of cytokine production in Grave’s 
Disease patients shoW a shift toWard a TH2-type cytokine 
response. Use of an lL-4 antagonist to suppress the TH2-type 
immune response, and suppress antibody production, Would 
bene?t Grave’s Disease patients. 

Sickle Cell Disease 
Sickle cell disease patients typically experience intermit 

tent periods of acute exacerbation called crises, With the cri 
ses being categorized as anemic or vaso-occlusive. lL-4 
antagonists ?nd use in treating or preventing sickle cell crisis, 
especially in patients With elevated IL-4 levels or in Whom the 
immune response has shifted toWard a TH2-type response. 
Sickle cell disease (especially sickle cell crisis) has been 
associated With increased susceptibility to infectious dis 
eases, including bacterial infections. Administering lL-4 
antagonists to sickle cell disease patients may help the patient 
mount an immune response against infectious diseases. 

Sj ogren’s Syndrome 
The autoimmune disease knoWn as Sjogren’ s syndrome or 

sicca syndrome typically combines dry eyes and dry mouth 
With a disorder of the connective tissues, such as rheumatoid 
arthritis, lupus, scleroderma, orpolymyositis. The vast major 
ity of patients are middle age (or older) females. Sjogren’s 
syndrome is an in?ammatory disease of glands (e. g., lacrimal 
and salivary glands) and other tissues of the body. The syn 
drome typically is associated With autoantibody production. 

lL-4 antagonists may be administered to reduce the in?am 
matory response (such as in?ammation of glands, including 
lacrimal glands) in such patients. lL-4 antagonists may ben 
e?t Sjogren’s syndrome patients by suppressing a TH2-type 
immune response, or by binding (and inactivating) excess 
lL-4 at in?ammatory lesions. Methods for treating patients in 
accordance With the present invention are not limited by a 
particular mechanism of action, hoWever. 
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Autoimmune Lymphoproliferative Syndrome 
Manifestations of autoimmune lymphoproliferative syn 

drome include lymphoproliferation and autoantibody pro 
duction. Patients with the syndrome reportedly have an inher 
ited de?ciency in apoptosis. IL-4 antagonists may bene?t 
patients with this syndrome by suppressing a TH2-type 
immune response, or by binding (and inactivating) excess 
IL-4 at sites of in?ammation. Methods for treating such 
patients in accordance with the present invention are not 
limited by a particular mechanism of action, however. 
Autoimmune Hemolytic Anemia 
Excessive IL-4 secretion, and a de?ciency in THl-type 

cytokines, are implicated in contributing to the pathogenesis 
of autoimmune hemolytic anemia. IL-4 antagonists are 
administered in accordance with the present invention, to 
bene?t the patients by reducing autoantibody production, and 
by restoring a more normal balance between the THl and 
TH2 components of the immune response. 
Autoimmune Uveitis 
Uveitis involves in?ammation of the uvea (generally con 

sidered to include the iris, ciliary body, and choroid, consid 
ered together). Excess IL-4 secretion is implicated as playing 
a role in pathogenesis of this sight-threatening in?ammatory 
eye disease. In accordance with the present invention, IL-4 
antagonist(s) are administered to a uveitis patient to reduce 
disease severity. In one embodiment, IL-4 antagonist(s) are 
administered to an individual who has autoimmune uveore 
tinitis. 

Kawasaki Disease 
Also known as the mucocutaneous lymph node syndrome, 

Kawasaki disease (KD) mainly af?icts young children. The 
disease is characterized by particular changes in the mucus 
membranes lining the lips and mouth, and by enlarged, tender 
lymph glands. Symptoms typically include fever, conjunc 
tivitis, in?ammation of the lips and mucous membranes of the 
mouth, swollen glands in the neck, and a rash covering the 
hands and feet, leading to hardened, swollen and peeling skin 
on hands and feet. In children with Kawasaki Disease (KD), 
in?ammation of arteries (vasculitis) may develop. Due to the 
effect of the disease on the vascular system, KD reportedly is 
the main cause of acquired heart disease in children. 

IL-4 antagonists may be administered to patients with 
Kawasaki Disease, to reduce the elevated levels of IL-4 in the 
patient. Excessive IL-4 secretion and a de?ciency in THl 
type cytokines contribute to the pathogenesis of the disease. 

Barrett’s Esophagus 
Barrett’s esophagus is a condition characterized by alter 

ation (subsequent to irritation) of the cells in the epithelial 
tissue that lines the lower portion of the esophagus. Frequent 
re?ux of the stomach contents into the esophagus, over time, 
can lead to Barrett esophagus. Patients with Barrett esopha 
gus are at risk for developing esophageal cancer (e. g., adeno 
carcinoma). While not wishing to be bound by a particular 
mechanism of action, administration of an IL-4 antagonist 
may bene?t a patient with Barrett’s esophagus by suppressing 
a TH2-type immune response. In one embodiment, an IL-4 
antagonist is administered to a patient with esophagitis, to 
inhibit progression to Barrett’s esophagus. 

Nephrosis 
Nephrosis, also known as nephrotic syndrome, is kidney 

disease that is non-in?ammatory and non-malignant. In the 
condition known as minimal change nephrosis, glomerular 
damage (believed to arise from structural changes in glom 
erular visceral epithelial cells) results in abnormalities that 
include proteinuria. A TH2-type immune response (espe 
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10 
cially secretion of the TH2-type cytokines IL-4 and IL- 1 3) are 
implicated as playing a role in pathogenesis of minimal 
change nephrosis. 

Other Indications 
Additional examples of conditions that may be treated in 

accordance with the present invention include but are not 
limited to the following. IL-4 antagonists may be employed in 
treating or preventing hyper IgE syndrome, idiopathic hyper 
eosinophil syndrome, allergic reactions to medication, 
autoimmune blistering diseases (e.g., pemphigus vulgaris or 
bullous pemphigoid), myasthenia gravis (an autoimmune 
muscular disease), and chronic fatigue syndrome. IL-4 
inhibitors may be employed in treating GVHD; particular 
methods for treating GVHD combination therapy with other 
therapeutic agents as described below. IL-4 inhibitors also 
?nd use in treating or preventing hepatotoxicity induced by 
drugs such as diclofenac (a non-steroidal anti-in?ammatory 
drug). 
An IL-4 antagonist may be employed as an adjuvant to 

allergy immunotherapy treatment. IL-4 antagonists ?nd fur 
ther use as vaccine adjuvants, such as adjuvants for cancer 
vaccines and infectious disease vaccines. The use of IL-4 
antagonists is especially advantageous when favoring a THl - 
type immune response would be bene?cial in preventing or 
treating the condition for which the vaccine is being admin 
istered. IL-4 antagonists may be employed when reducing an 
antibody-mediated immune response and/or promoting a 
T-cell-mediated immune response is desired. 
IL-4 Antagonists 

IL-4 antagonists that may be employed in accordance with 
the present invention include compounds that inhibit a bio 
logical activity of IL-4. The IL-4-induced biological activities 
to be inhibited by the methods provided herein are activities 
that directly or indirectly play a role in the condition to be 
treated. 

Examples of IL-4 antagonists include, but are not limited 
to, IL-4 receptors (IL-4R), antibodies, other IL-4-binding 
molecules, and IL-4 muteins as discussed further below. The 
antibodies may bind IL-4 or may bind an IL-4 receptor, for 
example. 

Antagonists that bind IL-4 include but are not limited to 
IL-4 receptors and anti-IL-4 antibodies. Endogenous IL-4 
that becomes bound to such an antagonist is thereby pre 
vented from binding its natural receptor on cell surfaces in 
vivo, and thus cannot manifest IL-4-mediated biological 
activities. 

Different types of antagonists may act at different sites or 
by different mechanisms of action. Examples include but are 
not limited to antagonists that interfere with binding of IL-4 to 
cell surface receptors or that inhibit signal transduction. The 
site of action may be intracellular (e. g., by interfering with an 
intracellular signaling cascade), on a cell surface, or extracel 
lular. Antagonists that act by interfering with the interaction 
of IL-4 with IL-4R may bind to either IL-4 or to the receptor. 
An antagonist need not completely inhibit an IL-4 induced 
activity to ?nd use in the present invention; rather, antagonists 
that reduce a particular activity of IL-4 are contemplated for 
use as well. 

The above-presented discussions of particular mechanisms 
of action for IL-4 antagonists in treating particular diseases 
are illustrative only, and the methods presented herein are not 
bound thereby. The mechanisms of action by which IL-4 
antagonists ameliorate diseases are not limited to those dis 
cussed above. 

In treating particular disorders, an IL-4 antagonist may 
reduce the amount of active IL-4 at a particular site within the 
body that is involved in the disorder. Antagonists that bind 
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IL-4 such that it no longer can bind to endogenous cellular 
receptors functionally reduce the amount of active IL-4 avail 
able for inducing biological responses. 
An IL-4 antagonist may alleviate a disorder by reducing the 

amount of free endogenous IL-4 that is circulating in the 
body, e.g., in the bloodstream or in a particular tissue. When 
the action of IL-4 on such tissue plays a role in pathogenesis 
of the disease, the antagonist serves to block action of IL-4 in 
the tissue, thereby alleviating the disorder. In a further 
example, antagonists may inhibit IL-4-induced recruitment 
of cells to a site or tissue Within the body, Wherein such 
recruitment plays a role in causing or exacerbating a disease. 
The antagonists may inhibit an IL-4-mediated in?ux of cells 
involved in an immune or in?ammatory response. An antago 
nist may act by reducing proliferation, activation, migration, 
in?ux, or accumulation of a particular cell type, or by inhib 
iting a biological response directly or indirectly attributable 
to a particular cell type. Examples of particular cell types are 
?broblasts, mast cells, and eosinophils. 
As discussed above, some conditions may be treated by 

suppressing a TH2-type immune response. IL-4 is associated 
With a TH2 response, and is one of the cytokines secreted by 
T-helper cells of type 2 (TH2 cells). An IL-4 antagonist may 
be administered to reduce a TH2-type immune response. The 
IL-4 antagonist may be said to reduce proliferation of TH2 
cells, to suppress a TH2 response, to shift the immune 
response toWard a THl response, or to favor a THl-type 
response. The use of antagonists of other cytokines associated 
With a TH2-type immune response is discussed beloW. 
Antagonists of other TH2-type cytokine(s), such as IL-5, 
IL-10, or IL-13, may be administered to patients Who have a 
disorder involving elevated levels of such cytokines. Tech 
niques for measuring the amount of such cytokines in a 
patient, e. g., in the patient’s serum, are Well knoWn. 
One embodiment of the invention is directed to a method 

for inhibiting IL-4-induced damage to epithelium, compris 
ing administering an IL-4 antagonist to an individual Who 
has, or is at risk of developing, a condition in Which IL-4 
mediated epithelial barrier disruption plays a role. In accor 
dance With the present invention, barrier function studies 
revealed that IL-4 plays a role in reduction of barrier function 
in models of lung epithelium and intestinal epithelium, and 
that a soluble human IL-4 receptor polypeptide (an IL-4 
antagonist) inhibits the IL-4-mediated reduction of barrier 
function (see example 7). 

Particular embodiments of methods provided herein com 
prise administering an IL-4 antagonist to inhibit IL-4-induced 
damage to epithelium in the gastrointestinal tract or lung. 
Such methods may be employed to prevent epithelial dam 
age, or to restore epithelial barrier function (i.e., promote 
repair or healing of the epithelium). The ability of an IL-4 
antagonist to inhibit IL-4-induced damage to epithelium may 
be con?rmed in any of a number of suitable assays, such as 
those described in example 7 beloW. 
Any in?ammation associated With (or subsequent to) an 

infection also may be treated With an IL-4 antagonist. The 
antagonist may be administered to inhibit any IL-4-induced 
component of an in?ammatory response resulting from 
microbial infection in the gastrointestinal tract, for example. 

Combinations of tWo or more antagonists may be 
employed in methods and compositions of the present inven 
tion. Examples of suitable IL-4 antagonists are as folloWs. 

IL-4 Receptor 
A preferred IL-4 antagonist is an IL-4 receptor (IL-4R). 

When administered in vivo, IL-4R polypeptides circulate in 
the body and bind to circulating endogenous IL-4 molecules, 
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12 
preventing interaction of IL-4 With endogenous cell surface 
IL-4 receptors, thus inhibiting transduction of IL-4-induced 
biological signals. 

IL-4 receptors are described in US. Pat. No. 5,599,905; 
IdZerda et al., J. Exp. Med. 1711861-873, March 1990 (human 
IL-4R); and Mosley et al., Cell 591335-348, Oct. 20, 1989 
(murine IL-4R); each of Which is hereby incorporated by 
reference. The protein described in those three references is 
sometimes referred to in the scienti?c literature as IL-4R0t. 
Unless otherWise speci?ed, the terms “IL-4R” and “IL-4 
receptor” as used herein encompass this protein in various 
forms that are capable of functioning as IL-4 antagonists, 
including but not limited to soluble fragments, fusion pro 
teins, oligomers, and variants that are capable of binding 
IL-4, as described in more detail beloW. 
The nucleotide sequence of a human IL-4R cDNA, and the 

amino acid sequence encoded thereby, are set forth in FIGS. 
1A-1C. The cDNA clone Was isolated from a cDNA library 
derived from a CD4+/CD8_ human T cell clone designated 
T22, as described in IdZerda et al., J. Exp. Med., 1711861, 
March 1990, and in US. Pat. No. 5,599,905, Which are hereby 
incorporated by reference in their entirety. The DNA and 
amino acid sequences of FIGS. 1A-1C are presented in SEQ 
ID N011 and SEQ ID N012, respectively. 
The encoded human IL-4R protein comprises (from N- to 

C-terminus) an N-terminal signal peptide, folloWed by an 
extracellular domain, a transmembrane region, and a cyto 
plasmic domain. The transmembrane region, Which is under 
lined in FIG. 1A, corresponds to amino acids 208 through 
231. The cytoplasmic domain comprises amino acids 232 
through 800. 
A signal peptide includes amino acids —25 to —1 of SEQ ID 

N012. An alternative signal peptide cleavage site occurs 
betWeen residues —3 and —2 of SEQ ID N012, such that the 
signal peptide corresponds to residues —25 through —3. 
As is recogniZed in the pertinent ?eld, the signal peptide 

cleavage site for a given protein may vary according to such 
factors as the particular expression system (especially the 
host cells) in Which the protein is expressed. The exact bound 
aries of the signal peptide, and thus the extracellular domain, 
of a given recombinant protein thus may depend on the 
expression system employed. Further, the signal peptide may 
be cleaved at more than one position, generating more than 
one species of polypeptide in a preparation of recombinant 
protein. 

In one embodiment, in Which an expression vector com 
prises DNA encoding amino acids —25 through 207 of SEQ 
ID N012, the expressed recombinant IL-4R includes tWo 
species of mature soluble human IL-4R. The expressed 
polypeptides include a major species corresponding to amino 
acids —2 to 207 and a minor species corresponding to amino 
acids 1 to 207 of SEQ ID N012. TWo alternate forms of the 
extracellular domain of human IL-4R thus correspond to 
residues —2 to 207 and 1 to 207 of SEQ ID N012. The term 
“mature” refers to a protein in a form lacking a signal peptide 
or leader sequence, as is understood in the pertinent art. 
Among the IL-4 receptors suitable for use herein are IL-4R 

fragments. Truncated IL-4R polypeptides may occur natu 
rally, e.g., as a result of proteolytic cleavage, post-transla 
tional processing, or alternative splicing of mRNA. Altema 
tively, fragments may be constructed by deleting terminal or 
internal portions of an IL-4R sequence, e. g., via recombinant 
DNA technology. Fragments that retain the ability to bind 
IL-4 may be identi?ed in conventional binding assays. Such 
fragments may be soluble fragments, as discussed beloW. 

In a preferred embodiment of the invention, the antagonist 
comprises a soluble form of the IL-4R. A soluble IL-4 recep 
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tor is a polypeptide that is secreted from the cell in Which it is 
expressed, rather than being retained on the cell surface. The 
full length human IL-4R protein of SEQ ID N012 is a trans 
membrane protein, Which, as described above, comprises an 
N-terminal signal peptide, folloWed by an extracellular 
domain, a transmembrane region, and a C-terminal cytoplas 
mic domain. Soluble IL-4R polypeptides lack the transmem 
brane region that Would cause retention on the cell, and the 
soluble polypeptides consequently are secreted into the cul 
ture medium. The transmembrane region and intracellular 
domain of IL-4R may be deleted or substituted With hydro 
philic residues to facilitate secretion of the receptor into the 
cell culture medium. 

Particular embodiments of soluble IL-4R polypeptides 
lack the transmembrane region but comprise the extracellular 
domain (the complete extracellular domain or a fragment 
thereof that is capable of binding IL-4). As one option, the 
polypeptide comprises all or part of the cytoplasmic domain, 
as Well as the extracellular domain (or fragment of the extra 
cellular domain), but lacks the transmembrane region. 

Examples of soluble human IL-4R polypeptides include, 
but are not limited to, polypeptides comprising amino acid 
residues x to y of SEQ ID N012, Wherein x represents 1 or —2 
and y represents an integer from 197 to 207. Preferred 
embodiments include polypeptides comprising residues 1 to 
207 or —2 to 207 of SEQ ID N012. 
A protein preparation administered as an IL-4 antagonist 

may comprise more than one form of IL-4R. For example, the 
preparation may comprise polypeptide molecules consisting 
ofamino acids 1 to 207 of SEQ ID N012, as Well as polypep 
tides consisting of amino acids —2 to 207 of SEQ ID N012. 

IL-4R polypeptides arising from alternative mRNA con 
structs, e. g., Which can be attributed to different mRNA splic 
ing events folloWing transcription, and Which yield polypep 
tide translates capable of binding IL-4, are among the IL-4R 
polypeptides disclosed herein. Such alternatively spliced 
mRNAs may give rise to soluble polypeptides. 

Further examples of IL-4 receptors that may be employed 
in the methods provided herein are variants having amino 
acid sequences Which are substantially similar to the native 
interleukin-4 receptor amino acid sequence of SEQ ID N012, 
or fragments thereof. Variant IL-4 receptor polypeptides that 
are capable of functioning as IL-4 antagonists may be 
employed in the methods of the present invention. 
Any of a number of conventional assay techniques may be 

employed to con?rm that a given form of IL-4R (e.g., an 
IL-4R fragment or variant) functions as an IL-4 antagonist. 
Examples include binding assays or assays that test the ability 
of a given IL-4R polypeptide to inhibit transduction of an 
IL-4-induced biological signal. Examples of suitable in vitro 
assays are described beloW. 

“Substantially similar” IL-4 receptors include those having 
amino acid or nucleic acid sequences that vary from a native 
sequence by one or more substitutions, deletions, or addi 
tions, but retain a desired biological activity of the IL-4R 
protein. Examples of nucleic acid molecules encoding IL-4 
receptors include, but are not limited to: (a) DNA derived 
from the coding region of a native mammalian IL-4R gene; 
(b) DNA that is capable of hybridiZation to a DNA of (a) 
under moderately stringent conditions and Which encodes an 
IL-4R having a biological activity of a native IL-4R; or (c) 
DNA that is degenerate as a result of the genetic code to a 
DNA de?ned in (a) or (b) and Which encodes an IL-4R having 
a biological activity of a native IL-4R. Due to code degen 
eracy, there can be considerable variation in nucleotide 
sequences encoding the same amino acid sequence. 
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Variants may be naturally occurring, such as allelic vari 

ants or those arising from alternative splicing of mRNA. 
Alternatively, variants may be prepared by such Well knoWn 
techniques as in vitro mutagenesis. 
A variant sequence identi?ed by IdZerda et al., supra, com 

prises a GTC codon encoding the amino acid valine (Val) at 
position 50, instead of isoleucine (Ile). The variant sequence 
is otherWise identical to the sequence of SEQ ID NOS11 and 
2. IL-4R fragments, such as soluble fragments, comprising 
Val at position 50 are provided herein. 

In particular embodiments, an IL-4 receptor DNA or amino 
acid sequence is at least 80 percent identical to the sequence 
of a native IL-4R. Preferably, an IL-4R DNA or polypeptide 
comprises a sequence that is at least 90 percent identical to a 
native IL-4R DNA or amino acid sequence. One example is a 
human IL-4R comprising an amino acid sequence that is at 
least 80 percent identical to the sequence presented in SEQ ID 
N012. Another example is a soluble IL-4R comprising an 
amino acid sequence at least 80 percent identical to the 
sequence of the extracellular domain of human IL-4R. Fur 
ther examples are polypeptides comprising amino acid 
sequences that are at least 90 percent identical to the sequence 
presented in SEQ ID N012, or a fragment thereof. In a par 
ticular embodiment, the polypeptide comprises no more than 
10 amino acid substitutions. IL-4R polypeptides that retain 
the ability to bind IL-4 may be identi?ed in conventional 
binding assays. 

Percent similarity or percent identity may be determined, 
for example, by comparing DNA or amino acid sequence 
information using the GAP computer program, version 6.0, 
available from the University of Wisconsin Genetics Com 
puter Group (U WGCG). The GAP program utilizes the align 
ment method of Needleman and Wunsch (J. Mol. Biol. 
481443, 1970), as revised by Smith and Waterman (Adv. Appl. 
Math. 21482, 1981). Brie?y, the GAP program de?nes simi 
larity as the number of aligned symbols (i.e., nucleotides or 
amino acids) Which are similar, divided by the total number of 
symbols in the shorter of the tWo sequences. The preferred 
default parameters for the GAP program include: (1) a unary 
comparison matrix (containing a value of 1 for identities and 
0 for non-identities) for nucleotides, and the Weighted com 
parison matrix of Gribskov and Burgess, Nucl. Acids Res. 
1416745, 1986, as described by SchWartZ and Dayhoff, ed., 
Atlas of Protein Sequence and Structure, National Biomedi 
cal Research Foundation, pp. 353-358, 1979; (2) a penalty of 
3.0 for each gap and an additional 0.10 penalty for each 
symbol in each gap; and (3) no penalty for end gaps. 
IL-4R polypeptides that vary from native proteins but pos 

sess a desired property may be constructed by, for example, 
substituting or deleting residues not needed for the particular 
biological activity. Substitutions may be conservative substi 
tutions, such that a desired biological property of the protein 
is retained. Amino acids may be replaced With residues hav 
ing similar physicochemical characteristics. 

Cysteine residues can be deleted or replaced With other 
amino acids to prevent formation of incorrect intramolecular 
disul?de bridges upon renaturation. 0ther alterations of a 
native sequence involve modi?cation of adjacent dibasic 
amino acid residues, to enhance expression in yeast host cells 
in Which KEX2 protease activity is present. 
The present invention also includes IL-4R With or Without 

associated native-pattem glycosylation. The glycosylation 
pattern may vary according to the type of host cells in Which 
the protein is produced. Another option is inactivation of 
N-glycosylation sites by site-speci?c mutagenesis. N-glyco 
sylation sites in eukaryotic proteins are characterized by the 
amino acid triplet Asn-Al-Z, Where Al is any amino acid 
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except Pro, and Z is Ser or Thr. In this sequence, asparagine 
provides a side chain amino group for covalent attachment of 
carbohydrate. Such a site can be eliminated by substituting 
another amino acid forAsn or for residue Z, deleting Asn or Z, 
or inserting a non-Z amino acid between A1 and Z, or an 
amino acid other than Asn betWeen Asn and A1. 

Oligonucleotide-directed site-speci?c mutagenesis proce 
dures can be employed to provide an altered gene having 
particular codons altered according to the substitution, dele 
tion, or insertion required. Examples of techniques for mak 
ing such alterations are described in Walder et al. (Gene 
421133, 1986); Bauer et al. (Gene 37173, 1985); Craik (Bio 
Techniques, January 1985, 12-19); Smith et al. (Genetic 
Engineering: Principles and Methods, Plenum Press, 1981); 
and US. Pat. Nos. 4,518,584 and 4,737,462. 

IL-4 receptors that may be employed also include deriva 
tives, e.g., various structural forms of the primary protein 
Which retain a desired biological activity. Due to the presence 
of ioniZable amino and carboxyl groups, for example, an 
IL-4R protein may be in the form of acidic or basic salts, or in 
neutral form. Individual amino acid residues may also be 
modi?ed by oxidation or reduction. The primary amino acid 
structure may be modi?ed by forming covalent or aggregative 
conjugates With other chemical moieties, such as glycosyl 
groups, lipids, phosphate, acetyl groups and the like, or by 
creating amino acid sequence mutants. PEGylated derivatives 
(modi?ed With polyethylene glycol) are contemplated. Cova 
lent derivatives may be prepared by linking particular func 
tional groups to IL-4R amino acid side chains or at the N- or 
C-termini. IL-4R derivatives may also be obtained by cross 
linking agents, such as M-maleimidobenZoyl succinimide 
ester and N-hydroxysuccinimide, at cysteine and lysine resi 
dues. IL-4R proteins may also be covalently bound through 
reactive side groups to various insoluble substrates, such as 
cyanogen bromide-activated, bisoxirane-activated, carbonyl 
diimidaZole-activated or tosyl-activated agarose structures, 
or by adsorbing to polyole?n surfaces (With or Without glut 
araldehyde cross-linking). 

Other derivatives of IL-4R Within the scope of this inven 
tion include covalent or aggregative conjugates of IL-4R or its 
fragments With other proteins or polypeptides, such as by 
expression of recombinant fusion proteins comprising heter 
ologous polypeptides fused to the N-terminus or C-terminus 
of an IL-4R polypeptide. For example, the conjugated peptide 
may be a heterologous signal (or leader) polypeptide, e.g., the 
yeast ot-factor leader, or a peptide such as an epitope tag. 
IL-4R-containing fusion proteins can comprise peptides 
added to facilitate puri?cation or identi?cation of IL-4R (e.g., 
poly-His). Speci?c examples of poly-His fusion constructs 
that is biologically active are soluble human IL-4R (e.g., 
comprising residues —2 to 207 or 1-207 of SEQ ID NO12) His 
His and soluble human IL-4R His His His His His His. An 
amino acid sequence of IL-4 receptor can also be linked to the 
Flag® peptide Asp-Tyr-Lys-Asp-Asp-Asp-Asp-Lys (DYKD 
DDDK) (SEQ ID NO13) as described in Hopp et al., Bio/ 
Technology 611204, 1988, and US. Pat. No. 5,011,912. The 
Flag® peptide is highly antigenic and provides an epitope 
reversibly bound by a speci?c monoclonal antibody, enabling 
rapid assay and facile puri?cation of expressed recombinant 
protein. Reagents useful for preparing fusion proteins in 
Which the Flag® peptide is fused to a given polypeptide are 
commercially available (Sigma, St. Louis, Mo.). 

Oligomers that contain IL-4R polypeptides may be 
employed as IL-4 antagonists. Oligomers may be in the form 
of covalently-linked or non-covalently-linked dimers, trim 
ers, or higher oligomers. Oligomers comprising tWo or more 
IL-4R polypeptides are contemplated for use, With one 
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example being a homodimer. Other oligomers include het 
erodimers, heterotrimers, and the like, Which comprise an 
IL-4R polypeptide as Well as at least one polypeptide that is 
not derived from the IL-4R of SEQ ID NO12. 
One embodiment is directed to oligomers comprising mul 

tiple IL-4R polypeptides joined via covalent or non-covalent 
interactions betWeen peptide moieties fused to the IL-4R 
polypeptides. Suchpeptides may be peptide linkers (spacers), 
or peptides that have the property of promoting oligomeriZa 
tion. Leucine Zippers and certain polypeptides derived from 
antibodies are among the peptides that can promote oligomer 
iZation of IL-4R polypeptides attached thereto, as described 
in more detail beloW. 

In particular embodiments, the oligomers comprise from 
tWo to four IL-4R polypeptides. The IL-4R moieties of the 
oligomer may be in any of the forms described above, e.g., 
variants or fragments. Preferably, the oligomers comprise 
soluble IL-4R polypeptides. 
As one alternative, an oligomer is prepared using polypep 

tides derived from immunoglobulins. Preparation of fusion 
proteins comprising certain heterologous polypeptides fused 
to various portions of antibody-derived polypeptides (includ 
ing the Fc domain) has been described, e.g., by AshkenaZi et 
al. (PNAS USA 88110535, 1991); Byrn et al. (Nature 3441677, 
1990); and Hollenbaugh and Aruffo (“Construction of Immu 
noglobulin Fusion Proteins”, in Current Protocols in Immu 
nology, Suppl. 4, pages 10.19.1-10.19.11, 1992). 
One embodiment of the present invention is directed to a 

dimer comprising tWo fusion proteins created by fusing 
IL-4R to the Fc region of an antibody. A gene fusion encoding 
the IL-4R/Fc fusion protein is inserted into an appropriate 
expression vector. IL-4R/Fc fusion proteins are expressed in 
host cells transformed With the recombinant expression vec 
tor, and alloWed to assemble much like antibody molecules, 
Whereupon interchain disul?de bonds form betWeen the Fc 
moieties to yield divalent IL-4R. 
The term “Fc polypeptide” as used herein includes native 

and mutein forms of polypeptides derived from the Fc region 
of an antibody. Truncated forms of such polypeptides con 
taining the hinge region that promotes dimeriZation are also 
included. Fusion proteins comprising Fc moieties (and oligo 
mers formed therefrom) offer the advantage of facile puri? 
cation by a?inity chromatography over ProteinA or Protein G 
columns. 
One suitable Fc polypeptide, described in PCT application 

WO 93/ 101 51 (hereby incorporated by reference), is a single 
chain polypeptide extending from the N-terminal hinge 
region to the native C-terminus of the Fc region of a human 
IgG1 antibody. Another useful Fc polypeptide is the Fc 
mutein described in US. Pat. No. 5,457,035 and in Baum et 
al., (EMBO J. 1313992-4001, 1994). The amino acid 
sequence of this mutein is identical to that of the native Fc 
sequence presented in WO 93/10151, except that amino acid 
19 has been changed from Leu to Ala, amino acid 20 has been 
changed from Leu to Glu, and amino acid 22 has been 
changed from Gly to Ala. The mutein exhibits reduced a?in 
ity for Fc receptors. 

In other embodiments, IL-4R may be substituted for the 
variable portion of an antibody heavy or light chain. If fusion 
proteins are made With both heavy and light chains of an 
antibody, it is possible to form an oligomer With as many as 
four IL-4R extracellular regions. 

Soluble recombinant fusion proteins comprising an IL-4R 
and various portions of the constant region of an immunoglo 
bulin are described in EP 464,533, along With procedures for 
preparing such fusion proteins and dimers thereof. Among the 
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fusion proteins described in EP 464,533 are those comprising 
the extracellular portion of human IL-4R and an Fc polypep 
tide. 

Alternatively, the oligomer is a fusion protein comprising 
multiple IL-4R polypeptides, With or Without peptide linkers 
(spacer peptides). Among the suitable peptide linkers are 
those described in US. Pat. Nos. 4,751,180 and 4,935,233. 

Another method for preparing oligomeric IL-4R involves 
use of a leucine Zipper. Leucine Zipper domains are peptides 
that promote oligomeriZation of the proteins in Which they are 
found. Leucine Zippers Were originally identi?ed in several 
DNA-binding proteins (LandschulZ et al., Science 24011759, 
1988), and have since been found in a variety of different 
proteins. Among the knoWn leucine Zippers are naturally 
occurring peptides and derivatives thereof that dimeriZe or 
trimeriZe. Examples of leucine Zipper domains suitable for 
producing soluble oligomeric proteins are described in PCT 
application WO 94/ 10308, and the leucine Zipper derived 
from lung surfactant protein D (SPD) described in Hoppe et 
al. (FEBS Letters 3441191, 1994), hereby incorporated by 
reference. The use of a modi?ed leucine Zipper that alloWs for 
stable trimeriZation of a heterologous protein fused thereto is 
described in FansloW et al. (Semin. Immunol. 61267-278, 
1994). In one approach, recombinant fusion proteins com 
prising a soluble IL-4R polypeptide fused to a leucine Zipper 
peptide are expressed in suitable host cells, and the soluble 
oligomeric IL-4R that forms is recovered from the culture 
supernatant. 
One example of a heterodimer comprises an IL-4R 

polypeptide derived from the human IL-4R of SEQ ID NO12, 
and an IL-2Ry polypeptide. IL-2Ry (also knoWn as IL-2Ryc) 
is described in US. Pat. No. 5,510,259 and in Takeshita et al. 
(Science 2571379, 17 Jul. 1992), Which are incorporated by 
reference herein. The polypeptides may be in one of the 
various forms described herein, e.g., soluble fragments, vari 
ants, and the like, derived from the indicated proteins. One 
embodiment of such a heterodimer comprises a soluble 
IL-4R/Fc fusion protein and a soluble IL-2Ry/Fc fusion pro 
tein. Such heterodimers are described in WO 96/ 1 1213, along 
With IL-4R homodimers. 

Other examples of heterodimers comprise an IL-4R sub 
unit (preferably a soluble fragment of the protein of SEQ ID 
NO12) and at least one IL-13 receptor subunit. IL-13 receptor 
(IL-13R) complexes and IL-13R polypeptides (such as 
polypeptides designated IL-13R0t1 and IL-13R0t2) are 
described in ZuraWski et al., J. Biol. Chem. 270 (23), 13869, 
1995; de Vries, J. Allergy Clin. Immunol. 102(2): 1 65, August 
1998; Callard et al. Immunology Today, 17(3)1108, March 
1996, and US. Pat. No. 5,710,023, each ofWhich is incorpo 
rated by reference herein. In one embodiment, a heterodimer 
comprises a soluble human IL-4R and a soluble IL-13R (pref 
erably a soluble form of the polypeptide described inU.S. Pat. 
No. 5,710,023 or IL-13R0t1). The components of het 
erodimers may be any suitable form of the polypeptides that 
retains the desired activity, such as fragments, variants, or 
fusion proteins (e.g., fusions of soluble receptor polypeptides 
With Fc polypeptides, leucine Zipper peptides, peptide link 
ers, or epitope tags). 

IL-4 receptor polypeptides and fusion proteins described 
herein may be prepared by any of a number of conventional 
techniques. IL-4R polypeptides may be puri?ed from cells 
that naturally express the receptor (such as the cells discussed 
in Park et al., Proc. Natl. Acad. Sci. USA 8411669-673, 1987), 
or may be produced in recombinant expression systems, 
using Well knoWn techniques. Expression systems for use in 
producing IL-4R include those described in US. Pat. No. 
5,599,905, Which is hereby incorporated by reference. 
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A variety of expression systems are knoWn for use in pro 

ducing recombinant proteins. In general, ho st cells are trans 
formed With a recombinant expression vector that comprises 
DNA encoding a desired IL-4R polypeptide. Among the host 
cells that may be employed are prokaryotes, yeast or higher 
eukaryotic cells. Prokaryotes include gram negative or gram 
positive organisms, for example E. coli or bacilli. Higher 
eukaryotic cells include insect cells and established cell lines 
of mammalian origin. Examples of suitable mammalian host 
cell lines include the COS-7 line of monkey kidney cells 
(ATCC CRL 1651) (GluZman et al., Cell 231175, 1981), L 
cells, 293 cells, C127 cells, 3T3 cells (ATCC CCL 163), 
Chinese hamster ovary (CHO) cells, HeLa cells, BHK (ATCC 
CRL 10) cell lines, and the CVI/EBNA cell line derived from 
the African green monkey kidney cell line CVI (ATCC CCL 
70) as described by McMahan et al. (EMBO J. 101 2821, 
1991). Appropriate cloning and expression vectors for use 
With bacterial, fungal, yeast, and mammalian cellular hosts 
are described by PouWels et al. (Cloning Vectors: A Labora 
tory Manual, Elsevier, N.Y., 1985). 
The transformed cells are cultured under conditions that 

promote expression of the IL-4R, and the polypeptide is 
recovered by conventional protein puri?cation procedures. 
One such puri?cation procedure includes the use of a?inity 
chromatography, e.g., over a matrix having IL-4 bound 
thereto. Expressed IL-4R Will be deposited in the cell mem 
brane or secreted into the culture supernatant, depending on 
the IL-4R DNA selected. Polypeptides contemplated for use 
herein include substantially homogeneous recombinant 
mammalian IL-4R polypeptides substantially free of con 
taminating endogenous materials. 

Antibodies 
Antibodies that function as IL-4 antagonists may be 

employed in the methods of the present invention. The anti 
bodies preferably are monoclonal antibodies or antigen-bind 
ing fragments thereof. Advantageously, humaniZed or chi 
meric monoclonal antibodies are employed. Most preferred 
are human monoclonal antibodies prepared using transgenic 
mice, as described beloW. 

Examples of suitable antibodies are those that interfere 
With the binding of IL-4 to an IL-4 receptor. Such antibodies, 
referred to herein as blocking antibodies, may be raised 
against either IL-4 or IL-4R, and screened in conventional 
assays for the ability to interfere With binding of IL-4 to IL-4 
receptors. Examples of suitable assays are assays that test the 
antibodies for the ability to inhibit binding of IL-4 to cells 
expressing IL-4R, or that test antibodies for the ability to 
reduce a biological or cellular response that results from the 
binding of IL-4 to cell surface IL-4 receptors. 

It has been reported that IL-4RO. is a component of certain 
multi-subunit IL-13 receptor complexes (ZuraWski et al., J. 
Biol. Chem. 270 (23), 13869, 1995; de Vries, J Allergy Clin. 
Immunol. 102(2): 1 65, August 1998; and Callard et al. Immu 
nology Today, 17(3): 108, March 1996, each incorporated by 
reference herein). Thus, some antibodies raised against 
IL-4RO. may interfere With the binding of IL-13 to such 
receptor complexes. 

In one embodiment, antibodies directed against IL-4R 
block binding of IL-4 and also IL-13 to cells. The antibodies 
inhibit IL-4-induced biological activity and also inhibit 
IL-13-induced activity, and thus may be employed in treating 
conditions induced by either or both cytokines. Examples of 
such conditions include but are not limited to IgE-mediated 
conditions, asthma, allergic conditions, allergic rhinitis, and 
dermatitis including atopic dermatitis. 

Antibodies that bind to IL-4R and inhibit IL-4 binding may 
be screened in various conventional assays to identify those 
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antibodies that also interfere With the binding of IL-13 to such 
receptor complexes. Antibodies may be screened in binding 
assays or tested for the ability to inhibit an IL-4-induced and 
an IL-13-induced biological activity. An example of a suit 
able assay is illustrated in Example 5 beloW. 

Antibodies speci?c for IL-4 or IL-4R may be prepared by 
Well knoWn procedures. See, for example, Monoclonal Anti 
bodies, Hybridomas: A New Dimension in BiologicalAnaly 
ses, Kennet et al. (eds.), Plenum Press, NeW York (1980); and 
Antibodies: A Laboratory Manual, HarloW and Land (eds.), 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 
N.Y., (1988). 

Antigen-binding fragments of such antibodies may be pro 
duced by conventional techniques. Examples of such frag 
ments include, but are not limited to, Fab and F(ab')2 frag 
ments. Antibody fragments and derivatives produced by 
genetic engineering techniques are also contemplated for use. 
Unless otherWise speci?ed, the terms “antibody” and “mono 
clonal antibody” as used herein encompass both Whole anti 
bodies and antigen-binding fragments thereof. 

Additional embodiments include chimeric antibodies, e.g., 
humanized versions of murine monoclonal antibodies. Such 
humanized antibodies may be prepared by knoWn techniques, 
and offer the advantage of reduced immunogenicity When the 
antibodies are administered to humans. In one embodiment, a 
humanized monoclonal antibody comprises the variable 
region of a murine antibody (or just the antigen binding site 
thereof) and a constant region derived from a human anti 
body. Alternatively, a humanized antibody fragment may 
comprise the antigen binding site of a murine monoclonal 
antibody and a variable region fragment (lacking the anti gen 
binding site) derived from a human antibody. Procedures for 
the production of chimeric and further engineered mono 
clonal antibodies include those described in Riechmann et al. 
(Nature 332:323, 1988), Liu et al. (PNAS 8413439, 1987), 
Larrick et al. (Bio/Technology 7:934, 1989), and Winter and 
Harris (TIPS 14:139, May, 1993). 
A method for producing an antibody comprises immuniz 

ing a non-human animal, such as a transgenic mouse, With an 
IL-4R polypeptide, Whereby antibodies directed against the 
IL-4R polypeptide are generated in said animal. Procedures 
have been developed for generating human antibodies in non 
human animals. The antibodies may be partially human, or 
preferably completely human. For example, transgenic mice 
into Which genetic material encoding one or more human 
immunoglobulin chains has been introduced may be 
employed. Such mice may be genetically altered in a variety 
of Ways. The genetic manipulation may result in human 
immunoglobulin polypeptide chains replacing endogenous 
immunoglobulin chains in at least some (preferably virtually 
all) antibodies produced by the animal upon immunization. 

Mice in Which one or more endogenous immunoglobulin 
genes have been inactivated by various means have been 
prepared. Human immunoglobulin genes have been intro 
duced into the mice to replace the inactivated mouse genes. 
Antibodies produced in the animals incorporate human 
immunoglobulin polypeptide chains encoded by the human 
genetic material introduced into the animal. 

Examples of techniques for production and use of such 
transgenic animals are described in US. Pat. Nos. 5,814,318, 
5,569,825, and 5,545,806, Which are incorporated by refer 
ence herein. Examples 2-4 beloW provide further description 
of the preparation of transgenic mice useful for generating 
human antibodies directed against an antigen of interest. 

Antibodies produced by immunizing transgenic non-hu 
man animals With an IL-4R polypeptide are provided herein. 
Transgenic mice into Which genetic material encoding human 
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immunoglobulin polypeptide chain(s) has been introduced 
are among the suitable transgenic animals. Examples of such 
mice include, but are not limited to, those containing the 
genetic alterations described in the examples beloW. One 
example of a suitable immunogen is a soluble human IL-4R, 
such as a polypeptide comprising the extracellular domain of 
the protein of SEQ ID NO:2, or other immunogenic fragment 
ofthe protein of SEQ ID N012. 

Monoclonal antibodies may be produced by conventional 
procedures, e.g., by immortalizing spleen cells harvested 
from the transgenic animal after completion of the immuni 
zation schedule. The spleen cells may be fused With myeloma 
cells to produce hybridomas, by conventional procedures. 
A method for producing a hybridoma cell line comprises 

immunizing such a transgenic animal With an IL-4R immu 
nogen; harvesting spleen cells from the immunized animal; 
fusing the harvested spleen cells to a myeloma cell line, 
thereby generating hybridoma cells; and identifying a hybri 
doma cell line that produces a monoclonal antibody that binds 
an IL-4R polypeptide. Such hybridoma cell lines, and anti 
IL-4R monoclonal antibodies produced therefrom, are 
encompassed by the present invention. Monoclonal antibod 
ies secreted by the hybridoma cell line are puri?ed by con 
ventional techniques. Hybridomas or MAbs may be further 
screened to identify MAbs With particular properties, such as 
the ability to block an IL-4-induced activity, and to block an 
IL-13-induced activity (see the assay in example 5). 
Human antibodies that bind IL-4R are provided by the 

present invention. In one embodiment of the invention, 
human antibodies raised against IL-4R and produced by tech 
niques involving use of transgenic mice, block binding of 
IL-4 and also IL-13 to cells. Such antibodies are IL-4 antago 
nists and additionally function as IL-13 antagonists. 
Among the uses of antibodies directed against an IL-4R is 

use in assays to detect the presence of IL-4R polypeptides, 
either in vitro or in vivo. The antibodies also may be 
employed in purifying IL-4R proteins by immunoa?inity 
chromatography. Those antibodies that additionally can 
block binding of IL-4 to IL-4R may be used to inhibit a 
biological activity that results from such binding. Blocking 
antibodies ?nd use in the methods of the present invention. 
Such antibodies Which function as IL-4 antagonists may be 
employed in treating any IL-4-induced condition, including 
but not limited to asthma and allergies, e. g., allergic rhinitis, 
contact dermatitis, and atopic dermatitis. In one embodiment, 
a human anti-IL-4R monoclonal antibody generated by pro 
cedures involving immunization of transgenic mice is 
employed in treating such conditions. 

Antibodies may be employed in an in vitro procedure, or 
administered in vivo to inhibit an IL-4-induced biological 
activity. Disorders caused or exacerbated (directly or indi 
rectly) by the interaction of IL-4 With cell surface IL-4 recep 
tors thus may be treated. A therapeutic method involves in 
vivo administration of a blocking antibody to a mammal in an 
amount effective for reducing an IL-4-induced biological 
activity. 

Antibodies of the invention include, but are not limited to, 
partially human (preferably fully human) monoclonal anti 
bodies that inhibit a biological activity of IL-4 and also inhibit 
a biological activity of IL-13. One embodiment is directed to 
a human monoclonal antibody that at least partially blocks 
binding of IL-4 to a cell, and at least partially blocks binding 
ofIL-13 to a cell. 

Antibodies of the present invention include but are not 
limited to antibodies generated by immunizing a transgenic 
mouse With an IL-4 receptor immunogen, Wherein the trans 
genic mouse is selected from the mouse strains described in 
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example 3 below. The desired antibodies are at least partially 
human, and preferably fully human. In one embodiment, the 
immunogen is a human IL-4 receptor polypeptide. Hybri 
doma cell lines derived from the thus-immunized mice, 
Wherein the hybridoma secretes a monoclonal antibody that 
binds IL-4R, also are provided herein. Examples of antibod 
ies produced by immunizing such transgenic mice are the 
human monoclonal antibodies designated 6-2 (described in 
example 6); 12B5 (described in example 8); and MAbs 63, 
1B7, 5A1, and 27A1 (all described in example 9). Mono 
clonal antibodies 6-2, 12B5, 63, 1B7, 5A1, and 27A1 are fully 
human antibodies, and are capable of inhibiting activity of 
both IL-4 and IL-13. MAbs 12B5, 63, and 1B7 are preferred 
antagonists of human IL-4 and human IL-13. 

Particular monoclonal antibodies of the invention are 
selected from the group consisting of MAb 6-2; a Mab that is 
cross-reactive With 6-2; a MAb that binds to the same epitope 
as 6-2; a MAb that competes With 6-2 for binding to a cell that 
expresses human IL-4R; a MAb that possesses a biological 
activity of 6-2; and an anti gen-binding fragment of any of the 
foregoing antibodies. In one embodiment, the antibody has a 
binding af?nity for human IL-4R that is substantially equiva 
lent to the binding a?inity of 6-2 for human IL-4R. MAb 6-2 
is an IgM antibody. MAbs of other isotypes (including but not 
limited to IgG1 and IgG4), derived from 6-2, also are encom 
passed by the present invention. Hybridoma cell lines that 
produce any such monoclonal antibodies also are provided by 
the present invention. 
One example of a biological activity of 6-2 is the ability to 

function as both an IL-4 antagonist and an IL-13 antagonist. 
In one embodiment, a MAb of the invention possesses IL-4 
blocking activity substantially equivalent to that of 6-2; and 
possesses IL-13-blocking activity substantially equivalent to 
that of 6-2. Such activity may be measured in any suitable 
conventional assay (e. g., as measured in the CD23 expression 
assay described in example 5). 

The DNA sequence of the variable region of the light chain 
of MAb 6-2 is presented in SEQ ID N015, and the encoded 
amino acid sequence is presented in SEQ ID N016. The DNA 
sequence for the variable region of the heavy chain of MAb 
6-2 is presented as SEQ ID N017, and the encoded amino acid 
sequence is presented in SEQ ID N018. Antibodies of the 
present invention include, but are not limited to, monoclonal 
antibodies that comprise, in their light chain, residues 1 to 107 
of SEQ ID N016; and antibodies that additionally or alterna 
tively comprise, in their heavy chain, residues 1 to 1 18 of SEQ 
ID N018. 

Complementarity determining regions (CDRs) of a given 
antibody may be identi?ed using the system described by 
Kabat et al. in Sequences ofProZeins 0f Immunological Inter 
est, 5”’ Ed., US Dept. of Health and Human Services, PHS, 
NIH, NIH Publication no. 91-3242, 1991). Particular 
embodiments of antibodies of the present invention comprise, 
Within the variable region of their light chain, at least one of 
the complementarity determining regions (CDRs), or hyper 
variable regions, found in the light chain of 6-2. CDRs of 6-2 
are discussed in example 6. Thus, among the antibodies pro 
vided herein are those comprising from one to all three of the 
folloWing sequences in the light chain variable region: amino 
acid residues 24-35 of SEQ ID N016; residues 51-57 of SEQ 
ID N016; and residues 90-97 of SEQ ID N016. Particular 
antibodies provided herein comprise, Within the variable 
region of their heavy chain, at least one of the CDRs found in 
the heavy chain of 6-2. Thus, among the antibodies provided 
herein are those comprising from one to all three of the 
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folloWing sequences in the heavy chain variable region: resi 
dues 31-35; residues 50-66; and residues 99-107 of SEQ ID 
N018. 

Particular monoclonal antibodies of the invention are 
selected from the group consisting of MAb 12B5; a Mab that 
is cross-reactive With 12B5; a MAb that binds to the same 
epitope as 12B5; a MAb that competes With 12B5 for binding 
to a cell that expresses human IL-4R; a MAb that possesses a 
biological activity of 12B5; and an antigen-binding fragment 
of any of the foregoing antibodies. In one embodiment, the 
antibody has a binding a?inity for human IL-4R that is sub 
stantially equivalent to the binding af?nity of 12B5 for human 
IL-4R. MAb 12B5 is an IgG1 antibody. MAbs of other iso 
types, derived from 12B5, also are encompassed by the 
present invention. In particular embodiments, the isotype of 
the MAb is IgGl, IgG4, or IgM. Hybridoma cell lines that 
produce any such monoclonal antibodies also are provided by 
the present invention. 
One example of a biological activity of 12B5 is the ability 

to function as both an IL-4 antagonist and an IL-13 antago 
nist. In one embodiment, a MAb of the invention possesses 
IL-4-blocking activity substantially equivalent to that of 
12B5, and possesses IL-13-blocking activity substantially 
equivalent to that of 12B5. Such activity may be measured in 
any suitable conventional assay (e.g., as measured in the 
CD23 expression assay described in example 5). 
IgG4 monoclonal antibodies derived from 12B5 are pro 

vided herein. Another embodiment is directed to IgM mono 
clonal antibodies derived from 12B5. Procedures for sWitch 
ing (altering) the subclass or isotype of an antibody are knoWn 
in the pertinent ?eld. Such procedures may involve, for 
example, recombinant DNA technology, Whereby DNA 
encoding antibody polypeptide chains that confer the desired 
subclass is substituted for DNA encoding the corresponding 
polypeptide chain of the parent antibody. 

The DNA sequence of the variable region of the light chain 
of MAb 12B5 is presented in SEQ ID N019, and the encoded 
amino acid sequence is presented in SEQ ID N0110. The 
DNA sequence for the variable region of the heavy chain of 
MAb 12B5 is presented as SEQ ID N0111, and the encoded 
amino acid sequence is presented in SEQ ID N0112. Anti 
bodies of the present invention include, but are not limited to, 
monoclonal antibodies that comprise, in their light chain, 
residues 1 to 109 of SEQ ID N0110; and antibodies that 
additionally or alternatively comprise, in their heavy chain, 
residues 1 to 115 of SEQ ID N0112. 

Particular embodiments of antibodies of the present inven 
tion comprise, Within the variable region of their light chain, 
at least one of the complementarity determining regions 
(CDRs), or hypervariable regions, found in the light chain of 
12B5. CDRs of 12B5 are discussed in example 8. Thus, 
among the antibodies provided herein are those comprising 
from one to all three of the folloWing sequences in the light 
chain variable region: amino acid residues 24-35 of SEQ ID 
N0110; residues 51-57 ofSEQ ID N0110; and residues 90-99 
of SEQ ID N0110. Particular antibodies provided herein 
comprise, Within the variable region of their heavy chain, at 
least one of the CDRs found in the heavy chain of 12B5. Thus, 
among the antibodies provided herein are those comprising 
from one to all three of the folloWing sequences in the heavy 
chain variable region: residues 31-35; residues 50-65; and 
residues 98-104 of SEQ ID N0112. 

Particular monoclonal antibodies of the invention are 
selected from the group consisting of MAb 27A1; a Mab that 
is cross-reactive With 27A1; a MAb that binds to the same 
epitope as 27A1 ; a MAb that competes With 27A1 for binding 
to a cell that expresses human IL-4R; a MAb that possesses a 
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biological activity of 27A1; and an antigen-binding fragment 
of any of the foregoing antibodies. In one embodiment, the 
antibody has a binding af?nity for human IL-4R that is sub 
stantially equivalent to the binding af?nity of 27A1 for human 
IL-4R. 27A1 is an IgG1 antibody. MAbs of other isotypes, 
derived from 27A1, also are encompassed by the present 
invention. Hybridoma cell lines that produce any such mono 
clonal antibodies also are provided by the present invention. 
One example of a biological activity of 27A1 is the ability 

to function as both an IL-4 antagonist and an IL-13 antago 
nist. In one embodiment, a MAb of the invention possesses 
IL-4-blocking activity substantially equivalent to that of 
27A1; and possesses IL-13-blocking activity substantially 
equivalent to that of 27A1. Such activity may be measured in 
any suitable conventional assay (e.g., as measured in the 
CD23 expression assay described in example 5). 

The DNA sequence of the variable region of the light chain 
of MAb 27A1 is presented in SEQ ID NO:13, and the 
encoded amino acid sequence is presented in SEQ ID NO: 14. 
The DNA sequence for the variable region of the heavy chain 
of MAb 27A1 is presented as SEQ ID NO:15, and the 
encoded amino acid sequence is presented in SEQ ID NO: 1 6. 
Antibodies of the present invention include, but are not lim 
ited to, monoclonal antibodies that comprise, in their light 
chain, residues 1 to 109 of SEQ ID NO: 14; and antibodies that 
additionally or alternatively comprise, in their heavy chain, 
residues 1 to 116 of SEQ ID NO:16. 

Particular embodiments of antibodies of the present inven 
tion comprise, Within the variable region of their light chain, 
at least one of the complementarity determining regions 
(CDRs), or hypervariable regions, found in the light chain of 
27A1. CDRs of 27A1 are discussed in example 9. Thus, 
among the antibodies provided herein are those comprising 
from one to all three of the folloWing sequences in the light 
chain variable region: amino acid residues 24-35 of SEQ ID 
NO: 14; residues 51-57 ofSEQ ID NO:14; and residues 90-99 
of SEQ ID NO: 14. Particular antibodies provided herein 
comprise, Within the variable region of their heavy chain, at 
least one of the CDRs found in the heavy chain of 27A1 . Thus, 
among the antibodies provided herein are those comprising 
from one to all three of the folloWing sequences in the heavy 
chain variable region: residues 31-35; residues 50-66; and 
residues 99-105 of SEQ ID NO:16. 

Particular monoclonal antibodies of the invention are 
selected from the group consisting of MAb 5A1 ; a Mab that is 
cross-reactive With 5A1; a MAb that binds to the same 
epitope as 5A1; a MAb that competes With 5A1 for binding to 
a cell that expresses human IL-4R; a MAb that possesses a 
biological activity of 5A1; and an antigen-binding fragment 
of any of the foregoing antibodies. In one embodiment, the 
antibody has a binding af?nity for human IL-4R that is sub 
stantially equivalent to the binding a?inity of 5A1 for human 
IL-4R. 5A1 is an IgG1 antibody. MAbs of other isotypes, 
derived from 5A1, also are encompassed by the present inven 
tion. Hybridoma cell lines that produce any such monoclonal 
antibodies also are provided by the present invention. 
One example of a biological activity of 5A1 is the ability to 

function as both an IL-4 antagonist and an IL-13 antagonist. 
In one embodiment, a MAb of the invention possesses IL-4 
blocking activity substantially equivalent to that of 5A1; and 
possesses IL-13-blocking activity substantially equivalent to 
that of 5A1. Such activity may be measured in any suitable 
conventional assay (e. g., as measured in the CD23 expression 
assay described in example 5). 

The DNA sequence of the variable region of the light chain 
of MAb 5A1 is presented in SEQ ID NO:17, and the encoded 
amino acid sequence is presented in SEQ ID NO:18. The 
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DNA sequence for the variable region of the heavy chain of 
MAb 5A1 is presented as SEQ ID NO:19, and the encoded 
amino acid sequence is presented in SEQ ID NO:20. Anti 
bodies of the present invention include, but are not limited to, 
monoclonal antibodies that comprise, in their light chain, 
residues 1 to 107 of SEQ ID NO:18; and antibodies that 
additionally or alternatively comprise, in their heavy chain, 
residues 1 to 123 of SEQ ID NO:20. 

Particular embodiments of antibodies of the present inven 
tion comprise, Within the variable region of their light chain, 
at least one of the complementarity determining regions 
(CDRs), or hypervariable regions, found in the light chain of 
5A1. CDRs of 5A1 are discussed in example 9. Thus, among 
the antibodies provided herein are those comprising from one 
to all three of the folloWing sequences in the light chain 
variable region: amino acid residues 24-34 of SEQ ID NO: 1 8; 
residues 50-56 of SEQ ID NO: 1 8; and residues 89-97 ofSEQ 
ID NO:18. Particular antibodies provided herein comprise, 
Within the variable region of their heavy chain, at least one of 
the CDRs found in the heavy chain of 5A1. Thus, among the 
antibodies provided herein are those comprising from one to 
all three of the folloWing sequences in the heavy chain vari 
able region: residues 31-35; residues 50-65; and residues 
98-112 of SEQ ID NO:20. 

Particular monoclonal antibodies of the invention are 
selected from the group consisting of MAb 63; a Mab that is 
cross-reactive With MAb 63; a MAb that binds to the same 
epitope as 63; a MAb that competes With 63 for binding to a 
cell that expresses human IL-4R; a MAb that possesses a 
biological activity of 63; and an antigen-binding fragment of 
any of the foregoing antibodies. In one embodiment, the 
antibody has a binding af?nity for human IL-4R that is sub 
stantially equivalent to the binding a?inity of 63 for human 
IL-4R. MAb 63 is an IgM antibody. MAbs of other isotypes, 
derived from 63, also are encompassed by the present inven 
tion. Hybridoma cell lines that produce any such monoclonal 
antibodies also are provided by the present invention. 
One example of a biological activity of 63 is the ability to 

function as both an IL-4 antagonist and an IL-13 antagonist. 
In one embodiment, a MAb of the invention possesses IL-4 
blocking activity substantially equivalent to that of 63; and 
possesses IL-13-blocking activity substantially equivalent to 
that of 63. Such activity may be measured in any suitable 
conventional assay (e. g., as measured in the CD23 expression 
assay described in example 5). 
The DNA sequence of the variable region of the light chain 

of MAb 63 is presented in SEQ ID NO:21, and the encoded 
amino acid sequence is presented in SEQ ID NO:22. The 
DNA sequence for the variable region of the heavy chain of 
MAb 63 is presented as SEQ ID NO:23, and the encoded 
amino acid sequence is presented in SEQ ID NO:24. Anti 
bodies of the present invention include, but are not limited to, 
monoclonal antibodies that comprise, in their light chain, 
residues 1 to 107 of SEQ ID NO:22; and antibodies that 
additionally or alternatively comprise, in their heavy chain, 
residues 1 to 117 of SEQ ID NO:24. 

Particular embodiments of antibodies of the present inven 
tion comprise, Within the variable region of their light chain, 
at least one of the complementarity determining regions 
(CDRs), or hypervariable regions, found in the light chain of 
63. CDRs of 63 are discussed in example 9. Thus, among the 
antibodies provided herein are those comprising from one to 
all three of the folloWing sequences in the light chain variable 
region: amino acidresidues 24-34 of SEQ ID NO:22; residues 
50-56 of SEQ ID NO:22; and residues 89-97 of SEQ ID 
NO:22. Particular antibodies provided herein comprise, 
Within the variable region of their heavy chain, at least one of 
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the CDRs found in the heavy chain of 63. Thus, among the 
antibodies provided herein are those comprising from one to 
all three of the following sequences in the heavy chain vari 
able region: residues 31-35; residues 50-66; and residues 
99-106 of SEQ ID NO:24. 

Particular monoclonal antibodies of the invention are 
selected from the group consisting of MAb 1B7; a Mab that is 
cross-reactive with IE7; a MAb that binds to the same epitope 
as 1B7; a MAb that competes With 1B7 for binding to a cell 
that expresses human IL-4R; a MAb that possesses a biologi 
cal activity of 1 B7; and an anti gen-binding fragment of any of 
the foregoing antibodies. In one embodiment, the antibody 
has a binding a?inity for human IL-4R that is substantially 
equivalent to the binding a?inity of 1B7 for human IL-4R. 
MAbs of other isotypes, derived from 1B7, also are encom 
passed by the present invention. Hybridoma cell lines that 
produce any such monoclonal antibodies also are provided by 
the present invention. 
One example of a biological activity of 1 B7 is the ability to 

function as both an IL-4 antagonist and an IL-13 antagonist. 
In one embodiment, a MAb of the invention possesses IL-4 
blocking activity substantially equivalent to that of 1B7; and 
possesses IL-13-blocking activity substantially equivalent to 
that of 1B7. Such activity may be measured in any suitable 
conventional assay (e. g., as measured in the CD23 expression 
assay described in example 5). 
MAb 1B7 Was derived from MAb 63. The amino acid 

sequence of the heavy chain of MAb 1B7 is identical to that of 
MAb 63. The only differences betWeen the tWo antibodies are 
in the light chain. The DNA sequence of the variable region of 
the light chain of MAb 1B7 is presented in SEQ ID NO:25, 
and the encoded amino acid sequence is presented in SEQ ID 
NO:26. The DNA sequence for the variable region of the 
heavy chain of MAb 1B7 is presented as SEQ ID NO:23, and 
the encoded amino acid sequence is presented in SEQ ID 
NO:24 (same as for MAb 63). Antibodies of the present 
invention include, but are not limited to, monoclonal antibod 
ies that comprise, in their light chain, residues 1 to 107 of SEQ 
ID NO:26; and antibodies that additionally or alternatively 
comprise, in their heavy chain, residues 1 to 117 of SEQ ID 
NO:24. 

Particular embodiments of antibodies of the present inven 
tion comprise, Within the variable region of their light chain, 
at least one of the complementarity determining regions 
(CDRs), or hypervariable regions, found in the light chain of 
1B7. CDRs of 1B7 are discussed in example 9. Thus, among 
the antibodies provided herein are those comprising from one 
to all three of the folloWing sequences in the light chain 
variable region: amino acid residues 24-34 of SEQ ID NO:26; 
residues 50-56 of SEQ ID NO:26; and residues 89-97 of SEQ 
ID NO:26. Particular antibodies provided herein comprise, 
Within the variable region of their heavy chain, at least one of 
the CDRs found in the heavy chain of 1B7. Thus, among the 
antibodies provided herein are those comprising from one to 
all three of the folloWing sequences in the heavy chain vari 
able region: residues 31-35; residues 50-66; and residues 
99-106 of SEQ ID NO:24. 

Derivatives of monoclonal antibodies directed against 
IL-4R may be prepared, and screened for desired properties, 
by any of a number of knoWn techniques. Certain of the 
techniques involve isolating DNA encoding a polypeptide 
chain (or portion thereof) of a MAb of interest, and manipu 
lating the DNA through recombinant DNA technology. The 
DNA may be fused to another DNA of interest, or altered 
(e.g., by mutagenesis or other conventional techniques) to 
add, delete, or substitute one or more amino acid residues, for 
example. 
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DNA encoding antibody polypeptides (e. g., heavy or light 

chain, variable region only or full length) may be isolated 
from B-cells of mice that have been immuniZed With IL-4R. 
The DNA may be isolated by conventional procedures such as 
polymerase chain reaction (PCR). Phage display is another 
example of a knoWn technique Whereby derivatives of anti 
bodies may be prepared. In one approach, polypeptides that 
are components of an antibody of interest are expressed in any 
suitable recombinant expression system, and the expressed 
polypeptides are alloWed to assemble to form antibody mol 
ecules. 

Single chain antibodies may be formed by linking heavy 
and light chain variable region (Fv region) fragments via an 
amino acid bridge (short peptide linker), resulting in a single 
polypeptide chain. Such single-chain Fvs (scFvs) have been 
prepared by fusing DNA encoding a peptide linker betWeen 
DNAs encoding the tWo variable region polypeptides (VL and 
VH). The resulting antibody fragments can form dimers or 
trimers, depending on the length of a ?exible linker betWeen 
the tWo variable domains (Kortt et al., Protein Engineering 
10:423, 1997). Techniques developed for the production of 
single chain antibodies include those described in US. Pat. 
No. 4,946,778; Bird (Science 242:423, 1988); Huston et al. 
(Proc. Natl. Acad. Sci. USA 85:5879, 1988); and Ward et al. 
(Nature 334:544, 1989). Single chain antibodies derived from 
antibodies provided herein (including but not limited to scFvs 
derived from MAbs 6-2, 12B5, 63, 1B7, 5A1, and 27A1) are 
encompassed by the present invention. 

Techniques are knoWn for deriving an antibody of a differ 
ent subclass or isotype from an antibody of interest, i.e., 
subclass sWitching. Thus, IgG1 or IgG4 monoclonal antibod 
ies may be derived from an IgM monoclonal antibody, for 
example, and vice versa. Such techniques alloW the prepara 
tion of neW antibodies that possess the antigen-binding prop 
erties of a given antibody (the parent antibody), but also 
exhibit biological properties associated With an antibody iso 
type or subclass different from that of the parent antibody. 
Recombinant DNA techniques may be employed. Cloned 
DNA encoding particular antibody polypeptides may be 
employed in such procedures, e.g., DNA encoding the con 
stant region of an antibody of the desired isotype. 

In particular embodiments, antibodies raised against IL-4R 
have a binding a?inity (Ka) for IL-4R of at least 1x108. In 
other embodiments, the antibodies exhibit a Ka of at least 
1><109 or at least 1x101‘). 
PEGylated derivatives of antibodies (modi?ed With poly 

ethylene glycol) also are contemplated, and may be prepared 
by conventional techniques. Also provided herein are conju 
gates comprising a detectable (e. g., diagnostic) or therapeutic 
agent, attached to an antibody directed against IL-4R. 
Examples of such agents are Well knoWn, and include but are 
not limited to diagnostic radionuclides, therapeutic radionu 
clides, and cytotoxic drugs. The conjugates ?nd use in in vitro 
or in vivo procedures. 

Particular embodiments of the invention are directed to 
novel nucleic acid molecules and polypeptides. DNA and 
amino acid sequence information has been determined for 
polypeptides that are components of certain antibodies of the 
present invention, as discussed in examples 6, 8, and 9 beloW. 
Among the nucleic acids of the present invention is isolated 
DNA comprising a nucleotide sequence selected from the 
group consisting of the nucleotide sequence presented in SEQ 
ID NO:5, SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:11, SEQ 
ID NO:13, SEQ ID NO: 15, SEQ ID NO:17, SEQ ID NO:19, 
SEQ ID NO:21, SEQ ID NO:23, and SEQ ID NO:25.Among 
the polypeptides of the present invention is a puri?ed 
polypeptide comprising an amino acid sequence selected 






















































