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METHODS OF MODULATING CYTOKINE ACTIVITY; RELATED REAGENTS

FIELD OF THE INVENTION

[0001] The present invention relates generally to uses of mammalian cytokines.

More specifically, the invention discloses methods of using IL-33, and a receptor for IL-33.

BACKGROUND OF THE INVENTION

[0002] The immune system protects individuals from infective agents, e.g., bactena,
multi-cellular organisms, as well as cancers. This system includes several types of
lymphoid and myeloid cells such as fnohocytes, macrophages, dendritic cells (DCs),
eosinophils, T cells, B cells, and neutrophils. These lymphoid and myeloid cells often
produce signaling proteins known as cytokines. Immune response includes intflammation,
1.€., the accumulation of immune cells systemically or 1n a particular location of the body.
In response to an infective agent or foreign substance, immune cells secrete cytokines
which, in turn, modulate immune cell proliferation, development, differentiation, or
migration. Immune response sometimes results in pathological consequences, that 1s,
inflammatory disorders. These inflammatory disorders, which involve immune cells and
cytokines, include, e.g., psornasis, rheumatoid arthritis, Crohn’s disease, multiple sclerosis,
and atherosclerosis (see, e.g., Abbas, et al. (eds.) (2000) Cellular and Molecular
Immunology, W .B. Saunders Co., Philadelphia, PA; Oppenheim and Feldmann (eds.) (2001)
Cytokine Reference, Academic Press, San Diego, CA; Kaufmann, et al. (2001) Immunobiol.
204:603-613; Saurez and Schultz-Cheery (2000) Dev. Comp. Immunol. 24:269-283; van
Reeth and Nauwynck (2000) Vet. Res. 31:187-213; Garcia-Sastre (2001) Virology 279:375-
384; Katze, et al. (2002) Nat. Rev. Immunol. 2:675-687; van Reeth (2000) Vet. Microbiol.
74:109-116; Tripp (2003) Curr. Pharm. Des. 9:51-59).




CA 02555236 2006-08-03
WO 2005/079844 PCT/US2005/004743

[0003] The interleukin-1 (IL-1) family of cytokines contributes to the pathology of
inflammatory disorders and proliferative conditions, e.g., arthritis and cancer. Cytokines of
the IL-1 family include IL-1alpha, IL-1beta, IL-1delta, IL-1epsilon, basic fibroblast growth
factor, IL-18, CREG and CREG2. IL-lalpha and IL-1beta are biosynthesized as 31 kDa
polypeptides that are further processed to mature 17 kDa forms, while IL-1delta and IL-
lepsilon appear not to possess a distinct pro-form (see, e€.g., Debets, et al. (2001) J.
Immunol. 167:1440-1446; McMahon, et al. (1997) J. Biol. Chem. 272:28202-28205;
Inkura, et al. (2002) New Engl. J. Med. 169:393-398; Kim, et al. (2002) J. Biol. Chem.
277:10998-11003).

[0004] The IL-1 family also includes IL-1 receptors, 1.e., IL-1RI, IL-1RII, and IL-1R
accessory protein (a.k.a. IL-1R1, IL-1R2, and IL-1R3, respectively). IL-1alpha and IL-1beta
trigger cell signaling by binding to IL-1R1, while IL-1RII can function as a molecule that
absorbs circulating ligand. IL-1 receptor antagonist (IL-1Ra), another IL-1 family protein,
binds to IL-1 receptor without transmitting a signal and serves as an inhibitor of IL-1. IL-
1ra and IL-1delta play similar roles in antagonizing signaling through receptors, 1.e., [L-1ra
antagonizes IL-1alpha-mediated signaling via IL-1R1, while IL-1delta antagonizes IL-
lepsilon-mediated signaling via IL-1R6 (see, €.g., You, et al. (2001) New Engl. J. Med.
193:101-109). Debets, et al. (2001) J. Immunol. 167:1440-1446; Apte and Voronov (2002)
Sem. Cancer Biol. 12:277-290; Wong, et al. (1997) Proc. Natl. Acad. Sci. USA 94:227-232).
[0005] [L-1 family members play a role in inflammatory conditions, €.g., rheumatoid
arthritis, psoriasis, asthma, chronic obstructive pulmonary disorder (COPD), sepsis, and
inflammatory bowel disorder (IBD). Rheumatoid arthritis (RA) 1s a common chronic
inflammatory disorder characterized by degradation of joints, e.g., the synovial membrane,
cartilage, and bone. The disorder strikes about 1% of the population and cannot be cured.
IL-1 stimulates a number of cells involved 1n arthritic inflammation, e.g., fibroblasts,
osteoclasts, chondrocytes, and neutrophils, which may show abnormal proliferation and
release enzymes causing joint destruction (see, e.g., (Debets, et al. (1997) J. Immunol.
158:2955-2963; Lacey, et al. (2003) Arthritis Rheum. 48: 103-109; Chung (2001) Eur. Resp.
J. Suppl. 34: 50s-59s; Freeman and Buchman (2001) Expert Opin. Biol. Ther. 1:301-308;
Dinarello (2000) Chest 118:503-508). Krause, et al. (2002) J. Immunol. 169:6610-6616;
Choy and Panay1 (2001) New Engl. J. Med. 344:907-916; Woolley (2003) New Engl. J.
Med. 348:1709-1711; Williams, et al. (2000) New Engl. J. Med. 164: 7240-7245; Feldmann
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and Maini (2001) Annu. Rev. Immunol. 19:163-196; Lacey, et al., supra; Niki, et al. (2001)
J. Clin. Invest. 107:1127-1135; Attur, et al. (2000) J. Biol. Chem. 51:40307-40315).

[0006] Proliferative disorders are the second most common cause of death 1n the
Umted States (Anderson (2002) National Vital Statistics Reports 50:1-86; Toribara and
Sleisenger (2003) New Engl. J. Med. 332:861-867; Janne and Mayer (2000) New Engl. J.
Med. 342:1960-1968; Fuchs and Mayer (1995) New Engl. J. Med. 333:32-41). Cytokines of
the IL-1 family have been implicated in the control and pathology of proliferative disorders,
1.e., cancer. IL-1 modulates progression through the cell cycle, e.g., by changing expression
of cyclin-dependent kinases and cyclin-dependent kinase inhibitors. High doses of IL-1beta
promote tumor invasiveness, while low doses can promote immune eradication of tumors
(see, e.g., Zeisler, et al. (1998) Eur. J. Cancer 34:931-933; Yoshida, et al. (2002) Brit. J.
Cancer 86:1396-1400; Nesbit, et al. (1999) Oncogene 18:6469-64'76; Dinarello, et al.
(1998) J. Leuko. Biol. 63:658-664; Apte and Voronov, supra; Saijo, et al. (2002) New Engl
J. Med. 169: 469-475; Murai, et al. (2001) J. Biol. Chem. 276:6797-6806; Koudssi, et al.
(1998) J. Biol. Chem. 273: 25796-25803; Zeki, et al. (1999) J. Endocrinol. 160:67-73;
Osawa, et al. (2000) J. Biochem. 127:883-893). °

[0007] There 1s an unmet need to treat inflammatory and immune disorders. The

present invention fulfils this need by providing methods of using agonists and antagonists of

IL-33 or IL-33 receptor.
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SUMMARY OF THE INVENTION

[0008] The present invention 1s based, in part, upon the discovery that an agonist or
antagonist of IL.-33 or IL-33 receptor (previously known as IL-100 and IL-100 receptor)
modulates response to a number of immune and inflammatory conditions.

[0009] The present invention provides a method of modulating an immune disorder
or condition, comprising administering an effective amount of an agonist or antagonist of
IL-33 or IL-33R complex. Also provided 1s the above method wherein the disorder or
condition comprises: a) innate response; b) asthma or allergy; ¢) multiple sclerosis; d) an
inflammatory bowel disorder; ¢) arthritis; f) infection; g) a cancer or tumor. Further
provided is the above method wherein the infection comprises: a) an intracellular pathogen;
b) abacterium; c) a parasite; or d) a virus; and the above method wherein the intracellular
pathogen 1s: a) Leishmania sp.; b) Mycobacterium sp.; ¢) Listeria sp.; d) Toxoplasma sp.;
e) Schistosoma; or f) arespiratory virus. Moreover, the present invention provides the
above method wherein the immune disorder or conditions comprises TH1-type response or
TH2-type response; and the above method wherein the TH2-type response comprises an
early event 1n TH2-type response; as well as the above method wherein the arthritis
comprises rheumatoid arthritis; osteoarthritis; or psoriatic arthritis.

[0010] In another embodiment, the present invention provides the above method
wherein the agonist comprises IL-33 or a nucleic acid; as well as the above method wherein
the nucleic acid encodes IL-33; and the above method wherein the antagonist comprises a
binding composition from an antibody that specifically binds IL-33 or a complex of 1L-33,
T1/ST2 and SIGIRR (IL-33R). In yet another embodiment, the present invention provides
the above method wherein the binding composition from an antibody comprises a
polyclonal antibody; a monoclonal antibody; a humanized antibody, or a fragment thereof;
an Fab, Fv, or F(ab’), fragment; a peptide mimetic of an antibody; or a detectable label.
Also provided 1s the above method, wherein wherein the antagonist comprises: a) a soluble
IL-33R; b) asmall molecule; or ¢) a nucleic acid; and the above method wherein the
nucleic acid specifically hybridizes with a polynucleotide encoding IL-33; as well as the

above method wherein the nucleic acid comprises anti-sense nucleic acid or small

interference RNA (siRNA).
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[0011] In another aspect, the present invention provides a method of modulating
blood cell counts comprising administering an effective amount of an agontist or antagonist
of IL-33; and the above method wherein the 1L-33 agonist increases the counts of total white
blood cells; neutrophils; lymphocytes; or eosinophils; as well as the above method wherein
the IL-33 antagonist increases the count of platelets; and the above method wherein the IL-
33 antagonist decreases the counts of total white blood cells; neutrophils; lymphocytes; or
cosinophils.

[0012] Yet another aspect of the present invention provides a method of diagnosing
the immune condition or disorder noted above, comprising contacting a binding
composition to a biological sample, wherein the binding composition specifically binds to
I1.-33, and measuring or determining the spectfic binding of the binding composition to the
biological sample. Also provided is a kit for the diagnosis of the immune condition or
disorder of Claim 1, comprising a compartment and a binding composition that specifically
binds to: IL-33; an IL-33R complex; a complex of IL-33 and IL-33R; or a nucleic acid
encoding IL-33.
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It is provided an antagonist of IL-33, wherein the antagonist comprises an antibody or an antigen-
binding fragment thereof that specifically binds to IL-33.

It is also provided an antagonist of IL-33, wherein the antagonist comprises an antisense nucleic acid
to IL-33; or a small interference RNA (siRNA) to IL-33.

it is further provided an agonist of IL-33, wherein the agonist comprises IL-33; or a nucleic acid
encoding 1L-33.

It is equally provided a kit comprising a compartment and an antibody that specifically binds to |IL-33;
or a nucleic acid probe for IL-33.

It is also provided the use of an antagonist of IL-33 in the preparation of a medicament for the
treatment of a disorder or condition selected from the group consisting of asthma,; allergy; multiple
sclerosis; or arthritis, wherein the antagonist comprises an antibody or an antigen-binding fragment
thereof that specifically binds to I1L-33.

It is further provided the use of an antagonist of |L-33 in the preparation of a medicament for the
treatment of a disorder or condition selected from the group consisting of: asthma; allergy; multiple
sclerosis; or arthritis, wherein the antagonist comprises: an antisense nucleic acid to 1L-33; or small
interference RNA (siRNA) to IL-33.

It is equally provided the use of an agonist of 1L-33 in the preparation of a medicament for the
treatment of a cancer or tumor, wherein the agonist comprises: IL-33; or a nucleic acid encoding IL-
33.

It is provided the use of an antagonist of IL-33 for treating a disorder or condition selected from the
group consisting of. asthma,; allergy, multiple sclerosis; or arthritis, wherein the antagonist comprises
an antibody or an antigen-binding fragment thereof that specifically binds to IL-33.

It is further provided the use of an antagonist of IL-33 for treating a disorder or condition selected from
the group consisting of. asthma; allergy; multiple sclerosis; or arthritis, wherein the antagonist
comprises: an antisense nucleic acid to IL-33; or small interference RNA (siRNA) to [L-33.

It is also provided the use of an agonist of IL-33 for treating a cancer or tumor, wherein the agonist
comprises: IL-33; or a nucleic acid encoding [L-33.



CA 02555236 2012-02-01

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Figure 1 shows IL-5 production in [L-33 + anti-IL-33 antibody treated mice

versus IL-33 alone and 1sotype control antibody treated mice.

(0014] Figure 2 shows CIA disease scores for anti-IL-33 and 1sotype control treated
mice.

[0015] Figure 3 shows the incidence of CIA 1n anti-IL-33 and 1sotype control treated
mice.

[0016] Figure 4 shows the mean number of arthritic paws in mice treated with anti-

I1.-33 antibody or 1sotype control antibody.

[0017] Figure 5 shows the EAE disease scores of anti-1L.-33 and i1sotype control

treated mice.

[0018] Figure 6 shows the incidence of EAE in anti-IL-33 and isotype control

treated mice.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019] As used herein, including the appended claims, the singular forms of words

(9 3 2% 46
a

such as an,” and “the,” include their corresponding plural references unless the context

clearly dictates otherwise.
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I. Definitions.
[0021] “Activation,” “stimulation,” and “treatment,” as it applies to cells or to

receptors, may have the same meaning, e.g., activation, stimulation, or treatment of a cell or
receptor with a ligand, unless indicated otherwise by the context or explicitly. “Ligand”
encompasses natural and synthetic ligands, e.g., cytokines, cytokine variants, analogues,
muteins, and binding compositions derived from antibodies. “Ligand” also encompasses
small molecules, e.g., peptide mimetics of cytokines and peptide mimetics of antibodies.
“Activation” can refer to cell activation as regulated by internal mechanisms as well as by
external or environmental factors. “Response,” e.g., of a cell, tissue, organ, or organism,
encompasses a change in biochemical or physiological behavior, e.g., concentration, density,
adhesion, or migration within a biological compartment, rate of gene expression, or state of
differentiation, where the change is correlated with activation, stimulation, or treatment, or
with internal mechanisms such as genetic programming.

[0022] “Activity” of a molecule may describe or refer to the binding of the molecule
to a ligand or to a receptor, to catalytic activity; to the ability to stimulate gene expression or
cell signaling, differentiation, or maturation; to antigenic activity, to the modulation of .
activities of other molecules, and the like. “Activity” of a molecule may also refer to
activity in modulating or maintaining cell-to-cell interactions, e.g., adhesion, or activity in
maintaining a structure of a cell, e.g., cell membranes or cytoskeleton. “Activity” can also
mean specific activity, e.g., [catalytic activity}/[mg protein], or [immunological
activity]/[mg protein], concentration 1in a biological compartment, or the like. “Proliferative
activity’”’ encompasses an activity that promotes, that 1s necessary for, or that is specifically
associated with, e.g., normal cell division, as well as cancer, tumors, dysplasia, cell
transformation, metastasis, and angiogenesis.

[0023] “Administration” and “‘treatment,” as 1t apphes to the administration of an
agonist or antagonist of IL-33, e.g., to an animal, human, expertmental subject, cell, tissue,
organ, or biological fluid, refers to contact of an exogenous pharmaceutical, therapeutic,
diagnostic agent, compound, or composition to the animal, human, subject, cell, tissue,
organ, or biological fluid. “Administration” and “treatment” can refer, e.g., to therapeutic,
placebo, pharmacokinetic, diagnostic, research, and experimental methods. “Treatment of a
cell” encompasses contact of a reagent to the cell, as well as contact of a reagent to a fluid,

where the fluid 1s 1n contact with the cell. ‘“‘Administration’ and “treatment” also means in
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vitro and ex vivo treatments, e.g., of a cell, by a reagent, diagnostic, binding composition, or
by another cell. “Treatment,” as it applies to a human, veterinary, or research subject, refers
to therapeutic treatment, prophylactic or preventative measures, to research and diagnostic
applications. “Treatment” as it applies to a human, veterinary, or research subject, or cell,
tissue, or organ, encompasses contact of an IL.-33 agonist or IL-33 antagonist to a human or
animal subject, a cell, tissue, physiological compartment, or physiological fluid. “Treatment
of a cell”” also encompasses situations where the I1L-33 agonist or IL-33 antagonist contacts
IL-33 receptor (T1/ST2), e.g., in the fluid phase or colloidal phase, as well as situations
where the agonist or antagonist contacts a fluid, e.g., where the fluid 1s 1n contact with a cell
or receptor, but where 1t has not been demonstrated that the agonist or antagonist contacts
the cell or receptor.

[0024] “Binding composition’ refers to a molecule, small molecule, macromolecule,
antibody, a fragment or analogue thereof, or soluble receptor, capable of binding to a target,
where the target 1s, e.g., IL-33 or IL-33R. “Binding composition” also may refer to a
complex .of molecules, e.g., a non-covalent complex, to an 1onized molecule, and to a
covalently or non-covalently modified molecule, e.g., modified by phosphorylation,
acylation, cross-linking, cyclization, or limited cleavage, which 1s capable of binding to a
target. “Binding composition” may also refer to a molecule in combination with a stabilizer,
excipient, salt, buffer, solvent, or additive, capable of binding to a target. “Binding” may be
defined as an association of the binding composttion with a target where the association
results in reduction in the normal Brownian motion of the binding composition, 1n cases
where the binding composition can be dissolved or suspended 1n solution.

[0025] “Conservatively modified variants” applies to both amino acid and nucleic
acid sequences. With respect to particular nucleic acid sequences, conservatively modified
variants refers to those nucleic acids which encode 1dentical or essentially identical amino
acid sequences or, where the nucleic acid does not encode an amino acid sequence, to
essentially identical nucleic acid sequences. Because of the degeneracy of the genetic code,
a large number of functionally identical nucleic acids may encode any given protein.

As to amino acid sequences, one of skill will recognize that an individual substitution to a
nucleic acid, peptide, polypeptide, or protein sequence which substitutes an amino acid or a
small percentage of amino acids in the encoded sequence for a conserved amino acid is a

“conservatively modified variant.” Conservative substitution tables providing functionally
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similar amino acids are well known in the art. An example of a conservative substitution is
the exchange of an amino acid in one of the following groups for another amino acid of the
same group (U.S. Pat. No. 5,767,063 1ssued to Lee, et al.; Kyte and Doolittle (1982) J. Mol.
Biol. 157: 105-132):

(1) Hydrophobic: Norleucine, Ile, Val, Leu, Phe, Cys, or Met;

(2) Neutral hydrophilic: Cys, Ser, Thr;

(3) Acidic: Asp, Glu;

(4) Basic: Asn, Gln, His, Lys, Arg;

(5) Residues that influence chain orientation: Gly, Pro;

(6) Aromatic: Trp, Tyr, Phe;

(7) Small amino acids: Gly, Ala, Ser.

[0026] “Derived” can be used to describe, e.g., deriving the structure of a peptide,
oligopeptide, or polypeptide from a parent peptide, oligopeptide, or polypeptide, such as an
antibody. In this context, derived encompasses, €.g., peptide structures where the peptide
has the same sequence as a sequence found within the parent, e.g:, where the peptide 1s
identical to the parent but with a truncation at the N-terminus, C-terminus, or both N- and
C-termini of the parent, or with a truncation and a fusion, or with a fusion only. Denved
also means that the peptide has the same sequence as found in the parent, but with
conservative amino acid changes, or with deletions or insertions, where the deletions or
insertions preserve a biological property in the peptide that is inherent 1n the parent.
“Derived” encompasses situations where the peptide or polypeptide 1s synthesized using the
parent as a starting compound, and where the peptide or polypeptide 1s synthesized de novo,
using the structure of the parent as a guide.

[0027] "Effective amount" or “therapeutically effective amount,” of the agonist or
antagonist of the IL-33 of the present invention, means an amount sufficient to ameliorate a
symptom or sign of a disorder or physiological condition or an amount sufficient to permit
or facilitate a diagnosis of the disorder or physiological condition. An effective amount for
a particular patient or veterinary subject may vary depending on factors such as the
condition being treated, the overall health of the patient, the method route and dose of
administration and the severity of side affects (see, e.g., U.S. Pat. No. 5,888,530 1ssued to
Nett1, et al.). An effective amount can be the maximal dose or dosing protocol that avoids

significant side effects or toxic effects. The effect will result in an improvement of a
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diagnostic measure, parameter, or detectable signal by at least 5%, usually by at least 10%,
more usually at least 20%, most usually at least 30%, preferably at least 40%, more
preferably at least 50%, most preferably at least 60%, 1deally at least 70%, more 1deally at
least 80%, and most 1deally at least 90%, where 100% 1s defined as the diagnostic parameter
shown by a normal subject (see, e.g., Maynard, et al. (1996) A Handbook of SOPs for Good
Clinical Practice, Interpharm Press, Boca Raton, FL; Dent (2001) Good Laboratory and
Good Clinical Practice, Urch Publ., London, UK).

[0028] “Exogenous’ refers to substances that are produced outside an organism,
cell, or human body, depending on the context. “Endogenous’ refers to substances that are
produced within a cell, organism, or human body, depending on the context.

[0029] “Disorder” refers to a pathological state, or a condition that 1s correlated with
or predisposes to a pathological state. “Infectious disorder” refers, €.g., to a disorder
resulting from a microbe, bacterium, parasite, virus, and the like, as well as to an
inappropriate, ineffective, or pathological immune response to the disorder. “Oncogenic
disorder” encompasses a cancer, transformed cell, tumor, displasia, angiogenesis,
metastasis, and the like, as well as to an inappropriate, ineffective, or pathological immune
response to the disorder.

[0030] "Effective amount” means, €.g., an amount of an IL-33 agonist, IL-33
antagonist, binding compound or binding composition, sufficient to ameliorate a symptom
or sign of a disorder, condition, or pathological state. “Effective amount” also relates to an
amount of an IL-33 agonist, antagonist, or binding compound or composition, sufficient to
allow or facilitate the diagnosts of a symptom or sign of a disorder, condition, or
pathological state.

[0031] “Inhibitors” and “antagonists” or “activators’ and “agonists’ refer to
inhibitory or activating molecules, respectively, e.g., for the activation of, e.g., a ligand,
receptor, cotactor, a gene, cell, tissue, or organ. A modulator of, e.g., a gene, a receptor, a
ligand, or a cell, 1s a molecule that alters an activity of the gene, receptor, ligand, or cell,
where activity can be activated, inhibited, or altered 1n its regulatory properties. The
modulator may act alone, or 1t may use a cofactor, e.g., a protein, metal 1on, or small
molecule. Inhibitors are compounds that decrease, block, prevent, delay activation,
inactivate, desensitize, or down regulate, e.g., a gene, protein, ligand, receptor, or cell.

Activators are compounds that increase, activate, facilitate, enhance activation, sensitize, or
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up regulate, e.g., a gene, protein, ligand, receptor, or cell. An inhibitor may also be defined
as a composition that reduces, blocks, or inactivates a constitutive activity. An “agonist” is
a compound that interacts with a target to cause or promote an increase in the activation of
the target. An “antagonist” 1s a compound that opposes the actions of an agonist. An
antagonist prevents, reduces, inhibits, or neutralizes the activity of an agonist. An
antagonist can also prevent, inhibit, or reduce constitutive activity of a target, e.g., a target
receptor, even where there 1s no 1dentified agonist.

[0032] To examine the extent of inhibition, for example, samples or assays
comprising a given, €.£., protein, gene, cell, or organism, are treated with a potential
activator or inhibitor and are compared to control samples without the inhibitor. Control
samples, 1.€., not treated with antagonist, are assigned a relative activity value of 100%.
Inhibition 1s achieved when the activity value relative to the control is about 90% or less,
typically 85% or less, more typically 80% or less, most typically 75% or less, generally 70%
or less, more generally 65% or less, most generally 60% or less, typically 55% or less,
usually 50% or less, more usually 45% or less, most usually 40% or less, preferably 35% or
less, more preferably 30% or less, still more preferably 25% or less, and most preferably less
than 25%. Activation 1s achieved when the activity value relative to the control 1s about
110%, generally at least 120%, more generally at least 140%, more generally at least 160%,
often at least 180%, more often at least 2-fold, most often at least 2.5-fold, usually at least 5-
fold, more usually at least 10-fold, preferably at least 20-fold, more preferably at least 40-
fold, and most preferably over 40-fold higher.

[0033] Endpoints in activation or inhibition can be monitored as follows.

Activation, inhibition, and response to treatment, e.g., of a cell, physiological fluid, tissue,
organ, and animal or human subject, can be monitored by an endpoint. The endpoint may
comprise a predetermined quantity or percentage of, e.g., an indicia of inflammation,
oncogenicity, or cell degranulation or secretion, such as the release of a cytokine, toxic
oxygen, or a protease. The endpoint may comprise, €.g., a predetermined quantity of 1on
flux or transport; cell migration; cell adhesion; cell proliferation; potential for metastasis;
cell differentiation; and change in phenotype, €.g., change in expression of gene relating to
inflammation, apoptosis, transformation, cell cycle, or metastasis (see, €.g., Knight (2000)
Ann. Clin. Lab. Sci. 30:145-158; Hood and Cheresh (2002) Nature Rev. Cancer 2:91-100;
Timme, et al. (2003) Curr. Drug Targets 4:251-261; Robbins and Itzkowitz (2002) Med.
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Clin. North Am. 86:1467-1495; Grady and Markowitz (2002) Annu. Rev. Genomics Hum.
Genet. 3:101-128; Bauer, et al. (2001) Glia 36:235-243; Stanimirovic and Satoh (2000)
Brain Pathol. 10:113-126).

[0034] An endpoint of inhibition 1s generally 75% of the control or less, preferably
50% of the control or less, more preferably 25% of the control or less, and most preferably
10% of the control or less. Generally, an endpoint of activation 1s at least 150% the control,
preferably at least two times the control, more preferably at least four times the control, and
most preferably at least 10 times the control.

[0035] “Expression” refers to a measure of mRNA or polypeptide encoded by a
specific gene. Units of expression may be a measure of, €.g., the number of molecules of
mRNA or polypeptide/mg protein, the number of molecules of mRNA or polypeptide/cell,
In measurements of expression by cell, tissue, cell extract, or tissue extract. The units of
expression may be relative, e.g., a comparison of signal from control and experimental
mammals or a comparison of signals with a reagent that is specific for the mRNA or
-polypeptide versus with a reagent that 1s non-specific.

[0036] “Hybridization” that 1s specific or selective typically occurs when there 1s at
least about 55% homology over a stretch of at least about 30 nucleotides, preferably at least
about 75% over a stretch of about 25 nucleotides, and most preferably at least about 90%
over about 20 nucleotides (see, e.g., Kanehisa (1984) Nucleic Acids Res. 12:203-213).
Hybridization under stringent conditions, €.g., of a first nucleic acid to a second nucleic
acid, are those that: (1) Employ low 10onic strength and high temperature for washing, for
example, 0.015 M sodium chloride/0.0015 M sodium citrate/0.1% sodium dodecyl sulfate at
50°C; (2) Employ during hybridization a denaturing agent, such as formamide, for example,
50% (vol/vol) formamide with 0.1% bovine serum albumin/0.1% Ficoll® (Sigma-Aldrich,
St. Louis, MO)/0.1% polyvinylpyrrolidone/50 mM sodium phosphate buffer at pH 6.5 with
750 mM sodium chloride, 75 mM sodium citrate at 42°C.; (3) Employ 50% formamide, 5 X
SSC (0.75 M Nac(Cl, 0.075 M sodium citrate), 50 mM sodium phosphate (pH 6.8), 0.1%
sodium pyrophosphate, 5 X Denhardt's solution, sonicated salmon sperm DNA (50 ng/ml),
0.1% SDS, and 10% dextran sulfate at 42°C, with washes at 42°C in 0.2 X SSC and 0.1%
SDS; or (4) Employ a buffer of 10% dextran sulfate, 2 X SSC (sodium chloride/sodium
citrate), and 50% formamide at 55°C, followed by a high-stringency wash consisting of 0.1
X SSC containing EDTA at 55°C (U.S. Pat. No. 6,387,657 issued to Botstein, et al.).
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[0037] Stringent conditions for hybridization of nucleic acids are a function of salt,
temperature, organic solvents, and chaotropic agents. Stringent temperature conditions will
usually include temperatures in excess of about 30°C, more usually in excess of about 37°C,
typically in excess of about 45°C, more typically in excess of about 50°C, preferably in
excess of about 65°C, and more preferably in excess of about 70°C. Stringent salt
conditions will ordinarily be less than about 1 M, more ordinanly less than about 500 mM,
usually less than about 400 mM, more usually less than about 300 mM, typically less than
about 200 mM, preferably less than about 100 mM, and more preferably less than about 80
mM, even down to less than about 20 mM. However, the combination of parameters 1s
more important than the measure of any single parameter (Wetmur and Davidson (1968) J.
Mol. Biol. 31:349-370).

[0038] “Immune condition” or “immune disorder’” encompasses, €.g., pathological
inflammation, an inflammatory disorder, and an autoimmune disorder or disease. “Immune
condition’ also refers to infections, persistent infections, and proliferative conditions, such
as cancer, tumors, and angiogenesis, including infections, tumors, and cancers that resist
irradication by the immune system. ‘“Cancerous condition’:includes, e.g., cancer, cancer
cells, tumors, angiogenesis, and precancerous conditions such as dysplasia.

[0039] “Inflammatory disorder’” means a disorder or pathological condition where
the pathology results, in whole or in part, from, e.g., a change in number, change in rate of
migration, or change in activation, of cells of the immune system. Cells of the immune
system include, e.g., T cells, B cells, monocytes or macrophages, antigen presenting cells
(APCs), dendntic cells, microglia, NK cells, NKT cells, neutrophils, eosinophils, mast cells,
or any other cell specifically associated with the immunology, for example, cytokine-
producing endothelial or epithehal cells.

[0040] “Inflammatory disorder” means a disorder or pathological condition where
the pathology results, in whole or in part, from an increase in the number and/or increase in
activation of cells of the immune system, e.g., of T cells, B cells, monocytes or
macrophages, alveolar macrophages, dendntic cells, NK cells, NKT cells, neutrophils,
eosinophils, or mast cells.

[0041] “IL.-33 Receptor”, “IL-33R”, or “IL-33R complex” as used herein shall mean
the association of two IL-1R family members, T1/ST2 and SIGIRR to form receptor

complex responsive to stimulation with IL-33.
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[0042] “Ligand” refers, e.g., to a small molecule, peptide, polypeptide, and
membrane associated or membrane-bound molecule, or complex thereof, that can act as an
agonist or antagonist of a receptor. “Ligand” also encompasses an agent that 1s not an
agonist or antagonist, but that can bind to the receptor without significantly influencing its
biological properties, e.g., signaling or adhesion. Moreover, “ligand” includes a membrane-
bound ligand that has been changed, e.g., by chemical or recombinant methods, to a soluble
version of the membrane-bound ligand. By convention, where a ligand 1s membrane-bound
on a first cell, the receptor usually occurs on a second cell. The second cell may have the
same or a different identity as the first cell. A ligand or receptor may be entirely
intracellular, that 1s, 1t may reside in the cytosol, nucleus, or some other intracellular
compartment. The ligand or receptor may change its location, e.g., from an intracellular
compartment to the outer face of the plasma membrane. The complex of a ligand and
receptor 1s termed a “hgand receptor complex.” Where a ligand and receptor are involved 1n.
a signaling pathway, the ligand occurs at an upstream position and the receptor occurs at a

downstream position of the signaling pathway.

[0043] -~ A “first polypeptide chain” and a “second polypeptide chain” refers to two
polypeptide chains not linked together by way of a classical peptide bond. Typically, the
first polypeptide chain comprises an N-terminus and C-terminus, and the second
polypeptide chain comprises another N-terminus and another C-terminus, that 1s, altogether
there are two N-termini and two C-termini. The first polypeptide chain can be encoded by a
first vector, while the second polypeptide chain can be encoded by a second vector. The
first polypeptide chain and second polypeptide chain can be encoded by one vector, where a
first promoter can be operably linked with the first polypeptide chain and a second promoter
can be operably linked with the second polypeptide chain or, 1n another embodiment,
expression of both the first and second polypeptide chains can be operably linked to the
same promoter.

[0044] “Sensitivity,” e.g., sensitivity of receptor to a ligand, means that binding of a
ligand to the receptor results in a detectable change 1n the receptor, or in events or molecules
specifically associated with the receptor, e.g., conformational change, phosphorylation,

nature or quantity of proteins associated with the receptor, or change in genetic expression

mediated by or associated with the receptor.
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[0045] “Small molecules” are provided for the treatment of physiology and disorders
of tumors and cancers. “Small molecule” 1s defined as a molecule with a molecular weight
that 1s less than 10 kD, typically less than 2 kD, and preferably less than 1 kD. Small
molecules include, but are not limited to, inorganic molecules, organic molecules, organic
molecules containing an inorganic component, molecules comprising a radioactive atom,
synthetic molecules, peptide mimetics, and antibody mimetics. As a therapeutic, a small
molecule may be more permeable to cells, less susceptible to degradation, and less apt to
elicit an immune response than large molecules. Small molecules, such as peptide mimetics
of antibodies and cytokines, as well as small molecule toxins are described (see, e.g., Casset,
et al. (2003) Biochem. Biophys. Res. Commun. 307:198-205; Muyldermans (2001) J.
Biotechnol. 74:277-302; L1 (2000) Nat. Biotechnol. 18:1251-1256; Apostolopoulos, et al.
(2002) Curr. Med. Chem. 9:411-420; Monfardini, et al. (2002) Curr. Pharm. Des. 8:2185-
2199; Domingues, et al. (1999) Nat. Struct. Biol. 6:652-656; Sato and Sone (2003)
“Biochem. J. 371:603-608; U.S. Patent No. 6,326,482 1ssued to Stewart, et al).
[0046] “Soluble receptor’ refers to receptors that are water-soluble and occur, e.g.,
in extracellular fluids, intracellular fluids, or weakly associated with a membrane. Soluble
receptor further refers to receptors that are engineered to be water soluble. For T1/ST2, the
soluble or extracellular domain 1s defined as residues 1-337 of SEQ ID NO: 6 (human) and
residues 1-342 of SEQ ID NO: 8 (mouse). For SIGIRR, the soluble or extracellular domain
1s defined as residues 1-118 of SEQ ID NO: 10 (human) and residues 1-117 of SEQ ID NO:
12 (mouse).
[0047] “Specificity of binding,” “selectivity of binding,” and the like, refer to a
binding interaction between a predetermined ligand and a predetermined receptor that
enables one to distinguish between the predetermined ligand and other ligands, or between
the predetermined receptor and other receptors. “Specifically” or “selectively” binds, when
referring to a ligand/receptor, antibody/antigen, or other binding pair, indicates a binding
reaction that 1s determinative of the presence of the protein in a heterogeneous population of
proteins and other biologics. Thus, under designated conditions, a specified ligand binds to
a particular receptor and does not bind in a significant amount to other proteins present in
the sample. The antibody, or binding composition derived from the antigen-binding site of
an antibody, binds to its antigen with an affinity that 1s at least two fold greater, preferably at

least ten times greater, more preferably at least 20-times greater, and most preferably at least
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100-times greater than the affinity to any other antigen. In a preferred embodiment the

antibody will have an affinity that 1s greater than about 10° liters/mol (see, €.£., Munsen, et

al. (1980) Analyt. Biochem. 107:220-239).

II. General.

{0048] The present invention provides methods for the modulation or treatment of a
number of immune conditions and disorders. In particular, the present invention provides
agonists and antagonists of IL-33 for the treatment and diagnosis of, ¢.g., asthma, allergies,
arthritis, and response to intracellular pathogens, such as parasites, and response to disorders
involving granulomas, e.g., tuberculosis, sarcoidosis, and Crohn’s disease.
[0049] Naive T cells appear not to express T1/ST2 on their surface, whereas
expression 1s induced after contact with antigens on differentiated TH2 effector cells.
T1/ST2 has been used as a marker for TH2-type T cells. T1/ST2 1s also expressed on mast
cells and fibroblasts
[0050} Studies with T1/ST2 knockout mice seems to suggest that T1/ST2 does not
“play a part in the differentiation of naive CD4" T cells to TH2-type T cells, though these
results appear to be a function of the nature of the assays used, e.g., which pathogenic
organism 1s used in challenge studies, or which phase of TH2-response is studied. Evidence
also suggests a role for T1/ST2 1n early events in TH2-response (see, €.g., Kropt, et al.
(2002) Infect. Immunity 70:5512-5520; Hoshino, et al. (1999) J. Exp. Med. 190:1541-1547;
Senn, et al. (2000) Eur. J. Immunol. 30:1929-1938; Townsend, et al. (2000) J. Exp. Med.
191:1069-1075).
[0051] Anti-T1/ST2 antibodies have been used 1n a number of studies addressing the
role of T1/ST2 1in immune function, while other studies have examined T1/ST2 expression
animal models for immune response. Treatment with ant1-T1/ST2 antibodies resulted 1n
decreased TH2-type immune responses. The antibody inhibited eosinophil infiltration, I1.-5
production, and IgE-production. Infections by Schistosoma provoked an up-regulation of
T1/ST2, e.g., as determined by assessing expression in lung and liver granulomas. Animal
models for asthma, e.g., treatment with house dust mite extract or with ovalbumin, resulted
in increased expression of T1/ST2 on CD4™ T cells, indicating a role for T1/ST2 in allergic
or asthmatic responses. Studies with BALB/c mice revealed that treating with anti-T1/ST2
antibody induced higher TH1-type response, enhancing the ability of CD4" T cells to
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respond to IL-12. Anti-T1/ST2 antibodies also reduce lesions due to Leishmania major
infections, and reduced expression of TH2-type cytokines. An animal model of arthritis
(collagen induced arthritis; CIA) was exacerbated by anti-T1/ST2 antibodies. In particular,
T1/ST2 functions in early events 1n the generation of TH2-type responses. Chronic
exposure to various allergens resulted in increased expression of T1/ST2 on CD4™ T cells.
T1/ST2 plays a role 1n mediating innate response, as ant1-T1/ST2 antibodies exacerbate the
toxic effects of lipopolysaccharide (LPS). Antibodies to T1/ST2 also modulated immune
response to viruses, €.g., respiratory syncytial virus (see, e.g., Xu, et al. (1998) J. Exp. Med.
187:787-794, Lohning, et al. (1998) Proc. Natl. Acad. Sci1. USA 95:6930-6935; Coyle, et al.
(1999) J. Exp. Med. 190:895-902; Lohning, et al. (1999) J. Immunol. 162:3882-3889;
Johnson, et al. (2003) Am. J. Respir. Crit. Care Med. 169:378-385; Kropf, et al. (2003)
Infect. Immunity 71:1961-1971; Xu, et al. (1998) J. Exp. Med. 187:787-794; Kropf, et al.
(2002) Eur. J. Immunol. 32:2450-2459; Swirska, et al. (2002) J. Immunol. 169:3499-3506;
Sweet, et al. (2001) J. Immunol. 166:6633-6639; Walzl, et al. (2001) J. Exp. Med. 193:785-
792.

[0052] - IL-1 family members typically bind to a heterodimeric members of the IL-1
receptor family. It was shown that another known IL-1R family member, SIGIRR (single Ig
IL-1 receptor related protein), complexes with T1/ST2 to form the functional receptor
complex for IL-33. SIGIRR was originally found as an orphan IL-1R member (see, e.g.,
Garlanda, et al. (2004) Proc. Natl. Acad. Sci. 101:3522-3526; Clark, et al. (2003) Genome
Res. 13:2265-2270; Thomassen et al. (1999) Cytokine 11:389-399; GenBank Accession No.
NP 068577; GenBank Accession No. NM_0218035; GenBank Accession No. NP _(075546;
and GenBank Accession No. NM 0230459). SIGIRR 1s a widely expressed IL-1R member.

[0053] In precipitation experiments using biotinylated mature human IL-33 (residues
112-270 of SEQ ID NO: 2), T1/ST2-Fc fusion, and SIGIRR-Fc fusion, 1t was shown that IL-
33 could bind both receptor fusion proteins, however, the binding of IL-33 to SIGIRR was
weaker as compared to IL-33 and T1/ST2 binding. To test the signaling capabilities of

either or both receptors, an NF-kB-dependent assay was run. Co-expression of both T1/5ST2

and SIGIRR was both necessary and sufficient to activate NF-xB signaling and MAP kinase

upon stimulation with IL-33. Activation of JNK kinases was also observed.
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I11. Agonists, Antagonists, and Binding Compositions.

[0054] The present invention provides agonists and antagonists of IL-33, including
binding compositions that specifically bind to IL-33 or to IL.-33 receptor complex (T1/ST2
and SIGIRR). Binding compositions include antibodies, antibody fragments, and soluble
receptors. The present invention contemplates blocking antibodies that bind to IL-33 or to
IL-33R, or agonistic antibodies that stimulate signaling via the IL-33R complex. The
binding compositions of the present invention also include nucleic<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>