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HUMAN ANTIBODIES TO HUMAN INTERLEUKIN 13 RECEPTOR ALPHA AND

BETA

The present invention claims the priority of the PCT/CN2018/091780, filed on June 19, 2018,

the contents of which are incorporated herein by its entirety.

BACKGROUND

The interleukins (ILs} are a class of soluble cytokines used for leukocyte communication in
shaping immune responses. Since their discovery in the late 1970's, more than 40 distinct
proteins have been classified as ILs according to thetr sequence identity with other ILs or

their functional activity.

IL-18 was originally discovered as a pro-inflaramatory, IFN-y-inducing cytokine that shares
biological functions and acts synergistically with IL-12. As a member of the IL-1 family of
cytokines, I1.-18 is thought to play a role 1n early inflammatory responses and is synthesized
by a range of both hematopoietic and non-hematopotetic cells (e.g., macrophages, dendritic
cells, Kuptfer cells, keratinocytes, osteoblasts, astrocytes, adrenal cortex cells, intestinal
epithelial cells, microghial cells, and synovial fibroblasts) both constitutively and 1n response
to lipopolysaccharide and other cytokines such as TNF-o, and s post-translationally cleaved
by the caspase-1 for functional activity of the mature 18 kDa species. Active 1L.-18 then
targets cells that express the IL-18 receptor which is widely expressed on both hematopoietic

and non-hematopoietic tissues.

The TL-18 receptor is a heterodimeric transmembrane protein comprised of a ligand binding
{1.-18R alpha (IL.-18Rw) subunit and a non-ligand binding [L-18R beta (IL-18R]}) subunit
that is essential for functional sigoaling. Ligand-induced activation of the receptor results in
recruitment and activation of intracellular myeloid differentiation 88 (MyD88) and IL-1R-
associated kinase (JRAK) that simultaneously triggers at least two divergent phosphorylation
cascades that activate the PI3K pathway and the MAPK pathway including activation of Akt
p38 and SAPK/INK. Activation of these pathhways culminate in NF-xB activation and
transcription of its downstream genes that includes IFN-y, chemokines, transcription factors,
G protein and cell surface receptors. 1L-18 shares elements of its signaling pathway with TL-1

but also bears distinct elements.
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On hematopoietic cells such as T cells, B cell, natural killer (NK) cells, macrophages, and
neutrophils, IL.-18 ligand stimulation can enhance T and NK cell maturation, cytokine
secretion, cytotoxicity and adhesion. Differentiation of naive T cells induced by IL-13 can
induce either Th1 or Th2 lineages independently of either {L.-4 or IL-12. In differentiated Thi
clones, TL-18 can induce the production and secretion of IFN-~y, granulocyte-macrophage
colony-stimulating factor (GM-CSF), or tumor necrosis factor (TNF); however, it does so
primarily in synergy with IL-12. In neutrophils, IL-18 has been shown to induce the
expression and secretion of cytokines and chemokines, up-regulate the expression of the cell
surface adhesion molecule - CD11b, and potentiate the neutrophil respiratory burst.
Importantly, the IL-18 receptor itself can be up-regulated on naive T, Tht and B cells by IL-
12 which explains, 1u part, the synergy between these two cytokines. TL-18 also acts
synergistically with [L-2Z inducing expression of IL-13 {(in an I[FN-y-dependent manner) and
{1.-10 (in an IFN-y independent manner). Together, these results underscore the role of IL.-18

in both innate and adaptive immune responses.

In non-hematopoietic cells such as endothelial and epithelial cells, synovial fibroblasts and
chondrocytes, 1L-18 can up-regulate the expression of adhesion molecules (such as E-selectin,
ICAM and YCAM), other cytokines, chemokines (CXCLS, CXCLS5, CXCL1, CXCL12, CCL,
CCL20) and angiogenic mediators such as vascular endothelial growth factor (VEGF) and
thrombospondin. Overall, the effects of 1L.-18 induction of these effectors are to increase
feukocyte recruitment, cellular adhesion, extravasation of immune cells, and promotion of

celluiar migration and formation of new blood vessels.

Mouse studies on [L-18 and its receptors have been facilitated by a reasonable degree of
identity between both mouse and human ligands and their cognate receptors. Alignment of
mouse and human 11.-18 revealed a 63 5% identity between orthologs while alignment of
mouse and human IL-18Ro and IL-18Rf reveals a 64% and 65% sequence 1dentity,

respectively.

1L.-18 can be induced by interaction of pattern recognition receptors with the repeating
subunits of numerous different microbes including hepatitis C, chukungunya, mycobacterium

tuberculosis, human immunodeficiency virus, helichacteria and more.

Mouse models of infection suggest that pathogen-associated molecular patterns (PAMPs)

recognized by Toll receptors (TLRs) and Nod-like receptors (NLRs) can activate caspase-1in
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the inflammasome leading to the cleavage and maturation of 1L-18 {and IL-13} which may
help to limit immunopathologic responses. Studies of gram-negative bacterium Burkholderia
pseudomallei in IL-18 -/- mice suggest that IL-18-mediated production of IFN-y is essential
for survival. Alternately, studies on the obligate intracellular bacterium fxodes Ovatus
Ehrlichia (I0E} in HL-18R-/- mice revealed decreased immunopathogenic responses and
enhanced control of infection suggesting that IL-18 may play a greater role in regulating the
immune response rather than conferring protection against infection. Interestingly, a host of
orthopoxviruses encodes a functional homolog of the naturally cccurring inhibitor IL-18
binding protein (IL-18BP), which enhances virulence of these viruses by inhibiting [L-18

signals.

In the context of numercus inflammatory diseases, 1L-18 has been shown to be upregulated,
to correlate with disease or to be a risk factor for disease development. Examples include in
Crohn’s disease, rheumatoid arthritis, systemic lupus erythrites, cardiovascular disease.
Increased IL-18 levels have been observed in individuals at risk of developing either Type [
(T1D) or Type 2 diabetes (T2D). Elevated IL-18 has also been observed tn the serum, urine
and 1slets of juvenile and adult T1D and T2D patients, correlating with the severity of disease,
and the development of sequelae such as diabetic nephropathy. Studies on Alzheimer’s
patients have revealed expression of 1L.-18 is increased in the brain and is thought to
contribute to immune and inflamroatory processes that enhance oxidative stress and alter the

expression of proteins that contribute to amyloid beta (AS) formation.

Recognizing the potential role of IL-18 in immunopathogenesis of inflammatory diseases
several studies have undertaken pre-clinical evaluation of [L.-18 abrogation via either genetic
knockout or anti-IL-18 antagonists. A mouse model of collagen-induced arthritis in which TL-
18 levels increase within 4-8 days after collagen injection was used to obtain pre-clinical
insights into the efficacy of two distinct modalities of HL.-18 mhibition including an anti-
mouse rabbit polyvclonal antibody and a recombinant anti-IL-18-binding protein. The authors
concluded that both modalities were capable of tropeding gross measures of pathologic
progression such as inflammatory paw swelling and histological measures of disease severity
such as degree of cartilage erosion. These results were further confirmed by serological
measures that noted a decrease in serum IFN-y, IL-6, TNF- and cartifage oligomeric matrix
protein {COMP) with both treatments. This provides both strong rationale and a clear

pathway for pre-clinical assessment.
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In experimental mouse models of sepsis, dual genetic IL-18 and 11.-1 deficiencies were
shown to protect mice from lethal doses of lipopolysaccharide (LPS), TNF-x or a surgical
procedure that induces septic-like conditions referred to cecal ligation and puncture. Sepsis is
often viewed as an 'unbridled hyper-inflammatory response’ mediated by cytokines and is one
of the leading causes of mortality in intensive care units. Immportantly, the loss of either IL-15
or IL-18 provided only partial protection against septic lethality in contrast to the full
protection offered by dual knockout, underscoring the complementary roles of these two pro-

inflammatory cytokines,

Together, these studies suggest that inflammatory disorders may represent a class of
pathologies that blockade of anti-IL-18-mediated signals through the use of antagonizing
anti-IL-18 may show efficacy and for which there are ample opportunities for clearly defined

pre-clinical study.

Studies in pre-clinical models of cancer suggest that anti-tumor activity of IL-18 arises from
its ability to potentiate effector cells such as T cells and NK celis and have supported its use
in clinical studies, though results thus far, provide modest support for a positive role for IL-
18 in cancer. High IL-18 levels can be observed in numerous cancers either at the tumor site
or systemically including breast, esophageal, gastrointestinal, lung, hepatic, ovarian and

others.

SUMMARY

The present disclosure provides antibodies and antigen-binding tfragments that are specific to
I1.-18 receptor alpha and beta subunits. These antibodies and fragments are capable of

disrupting the IL-18 receptor linked downstream signaling pathway and thus can be used for
treating certain diseases and conditions associated with expression or over-expression of -

18 or the receptors, such as inflammatory and autoimmune diseases and cancer.

In one embodiment, therefore, the present disclosure provides an antibody or fragment
thereof, wherein the antibody or fragment thereof has binding specificity to a human
interleukin-18 receptor beta (IL-18Rp) protein having the amino acid sequence of SEQ 1D
NO:1, wherein the binding comprises at least: an amino acid residue selected from the group

consisting of 1167, D213 and T242, an amino acid residue selected from the group consisting
fod E b 2
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of V244, G245 and D246, and an amino acid residue selected from the group consisting of

(G278, F279, R281, V282, F283, N284, P285, 8310, E315 and 1317, of SEQ ID NO:1.

In some embodiments, the binding comprises at least: an amino acid residue selected from
the group consisting of D213 and T242, an amino acid residue selected from the group
consisting of V244, (3245 and D246, and an amino acid residue selected from the group

consisting of G278, R281, V282, F283, N284, P285, 8310, E315 and 1317, of SEQ 1D NO:1.

In some embodiments, the binding comprises at least: an amino acid residue selected tfrom
the group consisting of D213 and 1242, the amino acid residue V244, and an amino acid
residue selected from the group consisting of G278, R281, V282, F283, N284, P28S, S310,
E315 and 1317, of SEQ ID NO:1. In some embodiments, the binding comprises at least the
amino acid residues D213, T242, V244, G278, R281, V282, F283, N284, P285, §310, E315
and 1317 of SEG ID NO:1. In some embodiments, the binding comprises at least the amino
acid residues L167, D213, T242, V244, G278, F279, R281, V282, F283, N284, P285, 8310,
E31S and I317 of SEQ ID NO: 1.

In some embodiments, the antibody or fragment thereof further is capable of binding to a

mouse IL-18R protein,

Another embodiment of the present disclosure provides an antibody or fragment thereof,
wherein the antibody or fragment thereof has binding specificity to a human interleukin-18
receptor beta (IL-18RP) protein, wherein the antibody or fragment thereof coraprises a light
chain variable region comprising light chain complementarity determining regions CDRLI,
CDRL2, and CDRL3 and a heavy chain variable region comprising heavy chain
complementarity determining regions CDRHI, CDRH2, and CDRH3, and wherein the
CDRL3, CDRH1, CDRH2, and CDRH3, are selected from combinations 1-27 of Table B or
each of the combinations 1-27 in which each of the CDRL3, CDRHI, CDRH2, and CDRH3
includes one, two, or three amino acid addition, deletion, conservative amino acid

substitution or the combinations thereof

In some embodiments, the CDRL3, CDRHI, CDRHZ, and CDRH3 are selected from
combination 1 of Table B or have one amino acid substitution. In some embodiments, the
substitutions are selected from Table B1. In some embodiments, the CDRL3, CDRHI,

CDRH2, and CDRH3 are selected from combinations 1-27 of Table B or any combination of
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Table 8. In some embodiments, the CDRL1 and CDRL2 have sequences of QSVSSA (SEQ
D NG:45) and SAS (SEQ D NO:46), respectively.

Yet another embodiment of the present disclosure provides an antibody or fragment thereof,
wherein the antibody or fragment thereof has binding specificity to a human interleukin-13
receptor alpha (IL-18Ra) protein, wherein the antibody or fragment thereof comprises a light
chain variable region comprising light chain complementarity determining regions CDRL1,
CDRL2, and CDRL3 and a heavy chain variable region comprising heavy chain
complementarity determining regions CDRH1, CDRH2, and CDRH3, and wherein the
CDRL3, CDRHI, CDRH2, and CDRH3, are selected from combinations 1-12 of Table C or
each of the combinations 1-12 in which each of the CDRL3, CDRHI, CDRH2, and CDRH3
includes one, two, or three amino acid addition, deletion, conservative amino acid

substitution or the combinations thereof

In some embodiments, the CORL3, CDRHI, CDRH2, and CDRH3 are selected from
combination 11 of Table C or have one amino acid substitution. In some embodiments, the
substitutions are selected from Table C1. In some embodiments, the CDRL3, CDRH1,
CDRH2, and CDRH3 are selected from combinations 1-12 of Table C. In some
embodiments, the CDRL1T and CDRLZ have sequences of QSVSSA (SEQ ID NG:45) and
SAS (SEQ ID NO:46), respectively.

in some embodiments, the antibody or fragment thereof of the present disclosure comprises a
heavy chain variable region comprising an amino acid sequence selected from the group
consisting of SEQ ID NO:2, 6, 10, 14, 18, 22, 26, 30, 34, 38, 163, 165, 167, 169, 171, 173,
175, 177, 179, 181, 183, 185, 187, 189, 191, 193, 195, 197, 199, 201, 203, 205, 207, 209, 211,
213,215, 217, 219, 221, 223, 225, 227, 229, 231, 233, 235, 237, 239, 241, 243, 245, 247, 249,
251,253, 255, 257, 259, 261, 263, 265, 267, 269, 271, 273, 275, 277, 279, 281, 283, 285, 287,
289, 201, 293, 295, 297, 299, 301, 303, 305, 307, 309, 311, 313, 315, 317, 319, and 32T or a
peptide having at least 90% sequence identity to an amino acid sequence selected trom the
group consisting of SEQ ID NO: 2, 6, 10, 14, 18, 22, 26, 30, 34, 38, 163, 165, 167, 169, 171,
173,175, 177, 179, 181, 183, 185, 187, 189, 191, 193, 195, 107, 199, 201, 203, 205, 207, 209,
211,213, 215, 217, 219, 221, 223, 225, 227,229, 231, 233, 235, 237, 239, 241, 243, 245, 247,
249,251, 253, 255, 257, 259, 261, 263, 265, 267, 269, 271, 273, 275, 277, 279, 281, 283, 285,
287,289, 201, 293, 295, 297. 299, 301, 303, 305, 307, 309, 311, 313, 315, 317, 319, and 321.
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In some embodiments, the antibody or fragment thereof comprises a light chain variable
region comprising an aming acid sequence selected from the group consisting of SEQ ID
NO4, 8, 12, 16,20, 24, 28, 32, 36, 40, 162, 164, 166, 168, 170, 172, 174, 176, 178, 180, 182,
184, 186, 188, 190, 192, 194, 196, 198, 200, 202, 204, 206, 208, 210, 212, 214, 216, 218, 220,
200,224,226, 228, 230, 232, 234, 236, 238, 240, 242, 244, 246, 248, 250, 252, 254, 256, 258,
260, 262, 264, 266, 268, 270, 272, 274, 276, 278, 280, 282, 284, 286, 288, 290, 202, 294, 296,
298, 300, 302, 304, 306, 308, 310, 312, 314, 316, 318, 320, or a peptide having at least 90%
sequence identity to an amino acid sequence selected from the group consisting of SEQ ID
NO- 4,8, 12, 16,20, 24, 28, 32, 36, 40, 162, 164, 166, 168, 170, 172, 174, 176, 178, 180, 182,
184, 186, 188, 190, 192, 194, 196, 198, 200, 202, 204, 206, 208, 210, 212, 214, 216, 218, 220,
222,204,226, 228, 230, 232, 234, 236, 238, 240, 242, 244, 246, 248, 250, 252, 254, 256, 258,
260, 262, 264, 266, 268, 270, 272, 274, 276, 278, 280, 282, 284, 286, 288, 290, 292, 204, 296,
208, 300, 302, 304, 306, 308, 310, 312, 314, 316, 318, 320,

In some embodiments, it comprises a heavy chain variable region comprising the amino acid
sequence of SEQ 1D NO:42, or a peptide having at least 90% sequence identity to the amino
acid sequence of SEQ ID NO:42. In some embodiments, the antibody or fragment thereof
comprises a light chain variable region comprising the amino acid sequence of SEQ ID
N(:44, or a peptide having at least 90% sequence identity to the amino acid sequence of SEQ

D NO:44.

In some embodiments, the antibody or fragment thereot further comprises a second

specificity to a second target protein. In some embodiments, the second target protein can be
other pro-inflammatory cytokines, including but not limited to, IL-1, TL.-4, IL-5, IL-6, IL13,
H.-17 and [L.36. Other examples include but not limited to CD3, CB16, CD19, CD20, CD28,
CDo4, PD-1, CTLA-4, LAG-3 (also known as CD223), CD28, CD122, 4-1BB (also known

as CD137), TIM3, OX-40 or GX40L, CD40 or CD40L, LIGHT, ICOSACOSL, GITR/GITRL,
TIGIT, CD27, VISTA, BTH3, B7H4, HEVM or BTLA (also known as CD272), killer-cell

immunoglobulin-like receptors (KIRs), and CD47.

Also provided, in one embodiment, s a composition comprising the antibody or fragment
thereof of the present disclosure and a pharmaceutically acceptable carrier. Also provided is
an isolated cell comprising one or more polynucleotide encoding the antibody or fragment

thereof of the present disclosure.
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Methods and uses of treatments are also provided. In one embodiment, provided is a method
of treating an autoinmumune or inflammatory disease in a patient in need thereof, comprising
administering to the patient the antibody or fragment thereof of the present disclosure. In
some embodiments, the autoimmune or inflammatory disease is selected from the group
consisting of a Parkinson’s disease, arthritis, theumatoid arthritis, multiple sclerosis, psoriasts,
psoriatic arthritis, Crohn’s disease, inflammatory bowel disease, ulcerative colitis, hupus,
systemic hupus erythematous, juvenile theumatoid arthritis, juvenile idiopathic arthritis,
Grave's disease, Hashimoto's thyroiditis, Addison’s disease, celiac disease, dermatomyositis,
multiple sclerosis, myasthenia gravis, pernicious anemia, Sjogren syndrome, type I diabetes,

type I diabetes, vasculitis, uveitis, sepsis, atherosclerosis and ankylosing spondylitis.

In one embodiment, a method of treating cancer in a patient in need thereof is provided,
comprising admirnistering to the patient the antibody or fragment thereof of the present
disclosure. In some embodiments, the cancer is selected from the group consisting of bladder
cancer, liver cancer, colon cancer, rectal cancer, endometrial cancer, leukemia, lymphoma,
pancreatic cancer, small cell lung cancer, non-small cell lung cancer, breast cancer, urethral
cancer, head and neck cancer, gastrointestinal cancer, stomach cancer, cesophageal cancer,

ovarnan cancer, renal cancer, melanoma, prostate cancer and thyroid cancer.

Still further provided 15 a method of detecting expression of IL-18 receptor in a sample,
comprising contacting the sample with an antibody or fragment thereof of the present
disclosure under conditions for the antibody or fragment thereof to bind to the IL-18 receptor,

and detecting the binding which indicates expression of IL-18 receptor in the sample.

In some embodiments, the sample is tsolated from a buman patient. In some embodiments,
the detection indicates a disease associated with abnormal expression of the IL-18 receptor.
In some embodiments, the disease is selected from the group consisting of infection, an

autoimmune or inflammatory disease, or cancer.

BRIEF DESCRIPTION OF THE DRAWINGS

FiG. 1A-B. Evaluation of Fab-mediated inhibition of NF-«B signaling by luciferase
assay. An IL-18 responsive luciferase reporter assay was used fo assess the effects of A) anti-
{1.-18Ro—and B) anti-11.-18RB-binding Fabs on transcriptional activation of NF-kB by 1L-18.

NF-xB-induced luciferase signals by IL-18 (10ng/mL) in transfected cells were compared to
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cells pre-treated with Fab and are expressed as normalized relative luciferase units. Errors

bars represent standard deviation of replicate samples.

FIG. 2A-D. Antibody binding and epitope mapping. The ECso and ICso values of Fab
binding to both IL-18Ru (red trace) and H.-18R[ (black trace) were determined by A)
multipoint direct binding and B) competitive binding ELISA following incubation with a two-
fold dilutions series of soluble receptor. Generated curves were fit using appropriate models
and values extracted from fit curves. €) The kanetics of anti H-18R Fab binding were
determined to cognate human receptor by biclayer interferometry (BLI) to confirm
ECs0/ICs0 estimates. Kinetics of the interaction between the anti-IL-18Ra Fab and s
cognate human receptor was similarly determined by surface plasmon resonance (SPR). b))
To assess overlap of the indicated anti-1L~-18R-binding Fabs, IgG binding to hIL-18RB was
measured by ELISA (white bars) and compared with IgG-binding signals obtained in
the presence of saturating Fab (black bars). Error bars represent standard deviation of

replicate measurements.

FIG. 3A-D. IgG binding to ectopically-expressed, cell surface [1L-18R by
immunofiuorescence and flow cytometry, Anti-IL18Ra IgGs or an isotype control 1gG
were used to immunostain HEK293 cells transfected with A} hIL-18Ra-GFP or B)
hL-18RB-GFP constructs. Fluorochrome signals from GFP expression {green} and
{eG-binding (red) were measured in the Cy3 and Cy5 channels and merged in the far-
right column vs DAPI-stained nuclei (blue). Cell binding was also characterized at 400 nM
IgG by flow cytometry using receptor-expressing or non-transfected HEK293 cells versus
isotype control IgG or secondary alone in (C) for hiL-18Ra and in () for hIL-18Rp. Median
fluorescence intensity of 1g(G or control binding was measured in the Cy3 (IgG), APC

{control anti-18Ra), or PE3 (control IL-18P) channels and visualized as histograms.

FIG. 4A-F. IgG-mediated Inhibition of I1L-18 signals and function A) H.-18-induced
phospho-signals were assayed to assess the effects of cell pre-incubation with IgG and
compared to levels of non-phosphorylated parent protein by Western blot. Band intensities
determined by densttometry were used to calculate normalized ratios of phospho signals
versus controls untreated with either [L-18 or antibody and plotted as bar graphs for phospho
B) -IKKo/B, €) -p38 and D) SAPK/INK. The statistical significance in the change of IL-18

induced phosphorylation of downstream effectors ~ IKK-o/B, p38 MARK and SAPK/INK in
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comparison to no IL~18 control was assessed by t-test and * indicates a p < 0.05. The celiular
effects of antibody pre-incubation on IL-18-induced stimulation of IFN-y secretion was
assessed over a range of IgG concentrations on both E} KG-1 myeloblasts and F) isolated

PBMCs.

FIG. 8. Purification of the extracelivlar domain (ECD) of IL-13Rp in complex with scFv
3131 A) The ECD of 1L-18Rp in complex with scFv 3131 was purified from size exclusion
chromatography columin (8200 26/600, GE). B) SDS-PAGE profile of size exclusion

chromatography.

FIG. 6. Structural analysis of antibody binding reveals a novel mode of non-
competitive antagonism. A) The structure of the IL-18 ternary signaling complex
from PDB ID 3W04 is shown for reference. B) A refined model of IgG 3131
reformatted as scFv in complex with IL-18R3 ( PDB ID SZX7) reveals a novel
mode of inhibition in which binding to the hinge region of the receptor between
domains 2 and 3 locks IL-18RJ3 into a non-binding conformation for IL-18Ra. The D3

domain of IL-18Rf in both structures 13 shown in the same onentation.

FIG. 7 shows the cellular effects of 1gG 3131 pre-incubation on thesus IL-18 (S0 ng/ml)
plus rhesus 1L-12 (5 ng/ml}) induced stimulation of IFN-y secretion which was assessed
over a range of IgG concentrations on isolated fresh cynomolgus monkey PBMCs. The
mean and the standard deviation {(SD) were calculated from three different monkeys.
ICso values were estimated from the dose response curves by curve fitting in GraphPad

Prism {Version5.0).

FIG. 8 shows the individual serum concentration-time curve of Ig(z 3131 in male

monkey following dosing of 1gG 3131

FIG. 9 shows the binding competition results for assessing the epitopes of AM2
antibody variants developed in Example 7 relative to parent 3131 antibody. The binding
signals for purified AM2 Fab clones (white bars) to recombinant human HL.-18Rb were
compared to those obtained in the presence of saturating IgG 3131 (black bars). Fab
3131 was used as a positive control. Error bars represeunt standard deviation of replicate

measurements.

10
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DETAILED DESCRIPTION

Definitions

it is to be noted that the term “a” or “an” entity refers to one or more of that entity; for
example, “an antibody,” 1s understood to represent one or more antibodies. As such, the terms

“a” {or “an’’}, “one or more,” and “at least one” can be used interchangeably herein.

As used herein, the term “polypeptide” is intended to encompass a singular “polypeptide” as
well as plural “polypeptides,” and refers to a molecule composed of monomers {amino acids}
hinearly linked by amide bonds {(also known as peptide bonds). The term “polypeptide” refers
to any chain or chains of two or more amino acids, and does not refer to a specific length of
the product. Thus, peptides, dipeptides, tripeptides, oligopeptides, “protein,” “amino acid
chain,” or any other term used to refer to a chain or chains of two or more amino acids, are
included within the definition of “polypeptide,” and the term “polypeptide” may be used
instead of, or interchangeably with any of these terms. The term “polypeptide” is also
intended to refer to the products of post-expression moditications of the polypeptide,
including without limitation glycosylation, acetylation, phosphorylation, amidation,
derivatization by known protecting/blocking groups, proteolytic cleavage, or modification by
non- naturally occurring amino acids. A polypeptide may be derived from a natural biological
source or produced by recombinant technology, but is not necessarily translated from a
designated nucleic acid sequence. It may be generated in any manner, including by chemucal

synthesis.

The term “isolated” as used herein with respect to cells, nucleic acids, such as DNA or RNA,
refers to molecules separated from other DNAs or RNAs, respectively, that are present in the
natural source of the macromolecule. The term “isclated” as used herein also refersto a
nucleic acid or peptide that is substantially free of cellular material, viral material, or culture
medium when produced by recombinant DNA techniques, or chemical precursors or other
cheruicals when chemically synthesized. Moreover, an “isolated nucleic acid” 1s meant to
include nuclete acid fragments which are not naturally occurring as fragments and would not
be found in the natural state. The term “isolated” is also used herein to refer to cells or
polypeptides which are isclated from other cellular proteins or tissues. Isolated polypeptides

is meant to encompass both purified and recombinant polypeptides.
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As used herein, the term “recombinant” as it pertains to polypeptides or polynucleotides
intends a form of the polypeptide or polynuclectide that does not exist naturally, a non-
fimiting example of which can be created by combining polynucleotides or polypeptides that

would not normally occur together.

“Homology” or “identity” or “similarity” refers to sequence similarity between two peptides
or between two nucleic acid molecules. Homology can be determined by comparing a
position in each sequence which may be aligned for purposes of comparison. When a
position in the compared sequence is occupied by the same base or amino acid, then the
molecules are homologous at that position. A degree of homology between sequences is a
function of the number of matching or homologous positions shared by the sequences. An
“unrelated” or “non-homologous” sequence shares less than 40% tdentity, though preferably

fess than 25% identity, with one of the sequences of the present disclosure.

A polynucleotide or polynucieotide region {or a polypeptide or polypeptide region) has a
certain percentage (for example, 60 %, 65 %, 70 %, 75 %, 80 %, 85 %, 90 %, 95 %, 98 % or
99 %) of “sequence identity” to another sequence means that, when aligned, that percentage
of bases (or amino acids) are the same in comparing the two sequences. This alignment and
the percent homology or sequence identity can be determined using software programs
known in the art, for example those described in Ausubel erf @l eds. (2007} Current Protocols
in Molecular Biclogy. Preferably, default parameters are used for alignment. One alignment
program is BLAST, using default parameters. In particular, programs are BLASTN and
BLASTP, using the following default parameters: Genetic code = standard; filter = none;

strand = both; cutoff = 60; expect = 10; Matrix = BLOSUMO2; Descriptions = 50 sequences;

GenBank CDS translations + SwissProtein + SPupdate + PIR. Biologically equivalent
polynucleotides are those having the above-noted specified percent homology and encoding a

polypeptide having the same or similar biological activity.

The term “an equivalent nucleic acid or polynucleotide” refers to a nucleic acid having a
nucleotide sequence having a certain degree of homology, or sequence identity, with the
nucleotide sequence of the nucleic acid or complement thereof. A homolog of a double
stranded nucleic acid is intended to include nucleic acids having a nucleotide sequence which
has a certain degree of homology with or with the complement thereof. In one aspect,

homologs of nucleic acids are capable of hybridizing to the nucleic acid or complement
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thereof. Likewise, “an equivalent polypeptide” refers to a polypeptide having a certain degree
of homology, or sequence identity, with the amino acid sequence of a reference polypeptide.
In some aspects, the sequence identity 15 at least about 70%, 75%, 80%, 85%, 90%, 95%,
98%, or 99%. In some aspects, the equivalent polypeptide or polynuclectide has one, two,
three, four or five additions, deletions, substitutions and their combinations thereof as
compared to the reference polypeptide or polynuclectide. In some aspects, the equivalent
sequence retains the activity (e.g., epitope-binding) or structure {e. 2., salt-bridge) of the

reference SCQUCHCe.

Hybridization reactions can be performed under conditions of different “stringency”. In
general, a low stringency hybridization reaction is carried out at about 40°C in about 10 x
SSC or a solution of equivalent ionic strength/temperature. A moderate stringency
hybridization 1s typically performed at about 50°C in about 6 x SSC, and a high stringency
hybridization reaction is generally performed at about 60°C in about 1 x 88C. Hybridization
reactions can also be performed under “physiological conditions” which is well known to one
of skill in the art. A non-limiting example of a physiological condition is the temperature,

ionic strength, pH and concentration of Mg®™ normally found in a cell.

A polynucleotide is composed of a specific sequence of four nuclectide bases: adenine (A};
cytosine (C); guanine (G), thymine (T); and uracil (U) for thymine when the polynuclectide
is RNA. Thus, the term “polynuclectide sequence” is the alphabetical representation of a
polynucleotide molecule. This alphabetical representation can be input into databases in a
computer having a central processing unit and used for bioinformatics applications such as
functional genomics and homology searching. The term “polymorphism” refers to the
coexistence of more than one form of a gene or portion thereof. A portion of a gene of which
there are at least two different forms, i.e, two different nucleotide sequences, 1s referred to as
a “polymorphic region of a gene”. A polymorphic region can be a single nucleotide, the

identity of which differs in different alleles.

The terms “polynuclectide” and “oligonucleotide” are used interchangeably and refer to a
polymeric form of nucleotides of any length, either deoxyribonucleotides or ribonucleotides
or analogs thereof. Polynuclectides can have any three-dimensional structure and may
perform any function, known or unknown. The following are non-limniting examples of
polynucleotides: a gene or gene fragment (for example, a probe, primer, EST or SAGE tag),

exons, introns, messenger RNA (mRNA), transfer RNA, ribosomal RNA, nibozymes, cBNA,
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dsRNA, siRNA, miRNA, recombinant polynucleotides, branched polynucleotides, plasmids,
vectors, 1solated DNA of any sequence, 1solated RNA of any sequence, nucleic acid probes
and primers. A polynucleotide can comprise modified nucleotides, such as rethylated
nucleotides and nucleotide analogs. 1f present, modifications to the nucleotide structure can
be imparted before or after assembly of the polynucleotide. The sequence of nucleotides can
be interrupted by non-nuclectide components. A polynucleotide can be further moditied after
polymerization, such as by conjugation with a labeling component. The term also refers to
both double- and single-stranded molecules. Unless otherwise specified or required, any
embodiment of this disclosure that is a polynucleotide encompasses hoth the double-stranded
form and each of two complementary single-stranded forms known or predicied to make up

the double-stranded form.

The term “encode” as it 1s applied to polynucleotides refers to a polynucleotide which is said

to “encode” a polypeptide if, in tts native state or when manipulated by methods well known

to those skilled in the art, it can be transcribed and/or translated to produce the mRNA for the
polypeptide and/or a fragment thereof. The antisense strand is the complement of such a

nucleic acid, and the encoding sequence can be deduced therefrom.

As used herein, an “antibody” or “antigen-binding polypeptide” refers to a polypeptide or a
polypeptide complex that specifically recognizes and binds to an antigen. An antibody can be
a whole antibody and any antigen binding tfragment or a single chain thereof. Thus the term
“antibody” includes any protein or peptide containing molecule that comprises at Jeast a
portion of an immunoglobulin molecule having biological activity of binding to the antigen.
Examples of such include, but are not limited to a complementarity determining region (CDR)
of a heavy or light chain or a ligand binding portion thereof, a heavy chain or light chain
variable region, a heavy chain or light chain constant region, a framework (FR} region, or any

portion thereof, or at least one portion of a binding protein.

The terms “antibody fragment” or “antigen-binding fragment”, as used heretn, is a portion of
an antibody such as F{ab'})z, F(ab)a, Fab', Fab, Fv, scFv and the like. Regardless of structure,
an antibody fragment binds with the same antigen that is recognized by the intact antibody.
The term “antibody fragment” includes aptamers, spiegelmers, and diabodies. The term
“antibody fragment” also includes any synthetic or genetically engineered protein that acts

like an antibody by binding to a specific antigen to form a complex.
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A “single~chain variable fragment” or “scFv” refers to a fusion protein of the variable regions
of the heavy (Vu) and light chains (Vi) of immunoglcbulins. In some aspects, the regions are
connected with a short linker peptide of ten to about 25 amuno acids. The linker can be rich in
glycine for flexibility, as well as serine or threonine for solubility, and can either connect the
N-terminus of the Vi with the C~terminus of the Vi, or vice versa. This protein retains the
specificity of the original immunoglcbulin, despite removal of the constant regions and the
introduction of the linker. ScFv molecules are known in the art and are described, e.g., in US

patent 5,892,019,

The term antibody encompasses various broad classes of polypeptides that can be
distinguished biochemically. Those skilled in the art will appreciate that heavy chains are
classified as gamma, mu, alpha, delta, or epsilon (y, i, o, 8, £) with some subclasses among
them {e.g., v I~ v4). It is the nature of this chain that determines the “class” of the antibody as
1g(3, IgM, IgA Igh, or IgE, respectively. The immunoglobulin subclasses (isotypes) e.g.,
IgGa, 1g(, IgGs and IgGa. are well characterized and are known to confer functional
spectalization. Modified versions of each of these classes and isotypes are readily
discernable to the skilled artisan in view of the instant disclosure and, accordingly, are within
the scope of the instant disclosure. All immunoglobulin classes are clearly within the scope
of the present disclosure, the following discussion will generally be directed to the IgG class
of immunoglobulin molecules. With regard to IgG, a standard immunoglobulin molecule
comprises two identical light chain polypeptides of molecular weight approximately 23,000
Daltons, and two identical heavy chain polypeptides of molecular weight 53,000-70,000. The
four chains are typically joined by disulfide bonds in a “Y” configuration wherein the light
chains bracket the heavy chains starting at the mouth of the “Y” and continuing through the

variable region.

Antibodies, antigen-binding polypeptides, variants, or derivatives thereof of the disclosure
include, but are not limited to, polyclonal, monoclonal, multi-specific, human, humanized,
primatized, or chimeric antibodies, single chain antibodies, epitope-binding fragments, e.g.,
Fab, Fab' and F(ab")z, Fd, Fvs, single-chain Fvs (scFv), single-chain antibodies, disulfide-
linked Fvs (sdFv}, fragments comprising either a VK or VH domain, fragments produced by
a Fab expression library, and anti- idiotypic (anti-1d) antibodies (including, e.g., anti-Id

antibodies to LIGHT antibodies disclosed herein). Immunoglobulin or antibody molecules of
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the disclosure can be of any type (e.g., 1gG, IgE, IgM, 1gD, IgA, and IgY), class (e g., IgGl,

12, 1e(G3, 1G4, IgAl and 1gAZ) or subclass of immunoglobulin molecule.

Light chains are classified as either kappa or lambda (K, 4}. Each heavy chain class may be
bound with either a kappa or lambda light chain. In general, the light and heavy chains are
covalently bonded to each other, and the “tail” portions of the two heavy chains are bonded to
each other by covalent disulfide linkages or non-covalent linkages when the
immunoglobulins are generated either by hybridomas, B cells or genetically engineered host
cells. In the heavy chain, the amino acid sequences run from an N-terminus at the forked

ends of the Y configuration to the C-terminus at the bottom of each chain.

Both the light and heavy chains are divided into regions of structural and functional
homology. The terms “constant” and “variable” are used functionally. In this regard, it will
be appreciated that the variable domains of both the light (VK) and heavy (VH) chain
portions determine antigen recognition and specificity. Conversely, the constant domains of
the light chain (CK) and the heavy chain (CH1, CHZ or CH3) confer important biological
properties such as secretion, transplacental mobility, Fe receptor binding, complement
binding, and the like. By convention the numbering of the constant region domains increases
as they become more distal from the antigen-binding site or amino- terminus of the antibody.
The N-terminal portion is a variable region and at the C-terminal portion is a constant region;
the CH3 and CK domains actually comprise the carboxy-terminus of the heavy and light

chain, respectively.

As indicated above, the variable region allows the antibody to selectively recognize and
specifically bind epitopes on antigens. That is, the VK domain and VH domain, or subset of
the complementarity determining regions (CDRs), of an antibody combine to form the
variable region that defines a three-dimensional antigen-binding site. This quaternary
antibody structure forms the antigen-binding site present at the end of each arm of the Y.
More specifically, the antigen-binding site 1s defined by three CDRs on each of the VH and
VK chains (i.e. CDR-H1, CDR-H2, CDR-H3, CDR-L1, CDR-L2 and CDR-L3). In some
instances, e.g., certain immunoglobulin molecules derived from camelid species or
engineered based on camelid immunoglobulins, a complete immunogiobulin molecule may
consist of heavy chains only, with no light chains. See, e.g., Hamers-Casterman er ol , Nature

363:446-448 (1993).
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In naturally occurring antibodies, the six “complementarity determining regions” or “CDRg”
present in each antigen-binding domain are short, non-contiguous sequences of amino acids
that are specifically positioned to form the antigen-binding domain as the antibody assumes
its three-dimensional configuration in an agueous environment. The remainder of the amino
acids in the antigen-binding domains, referred to as “framework” regions, show less 1uter-
molecular variability. The framework regions largely adopt a B-sheet conformation and the
CDRs form loops which connect, and in some cases form part of, the [ -sheet structure. Thus,
framework regions act to form a scaffold that provides for positioning the CDRs in correct
orientation by inter-chain, non-covalent interactions. The antigen-binding domain formed by
the positioned CDRs defines a surface complementary to the epitope on the immuno-reactive
antigen. This complementary surface promotes the non-covalent binding of the antibody to
its cognate epitope. The amino acids comprising the CDRs and the framework regions,
respectively, can be readily identified for any given heavy or light chain variable region by
one of ordinary skill in the art, since they have been precisely defined (see “Sequences of
Proteins of Immunological Interest” Kabat, E., er ¢l U.S. Department of Health and Human

Services, {1983); and Chothia and Lesk, J. Mol Biol., 196:901-917 (1987}).

In the case where there are two or more definitions of a term which 1s used and/or accepted
within the art, the definition of the term as used herein is intended to include all such
meanings unless explicitly stated to the contrary. A specific example is the use of the term
“complementarity determining region” {(“CDR”} to describe the non-contiguous antigen
combining sites found within the variable region of both heavy and light chain polypeptides.
This particular region has been described by Kabat er o/, U.S. Dept. of Health and Human
Services, “Sequences of Proteins of Immunological Interest” (1983) and by Chothia er al., J.
Mol. Biol 196:901-917 (1987}, which are incorporated herein by reference in their entireties.
The CDR definitions according to Kabat and Chothia include overlapping or subsets of
amino acid restdues when compared against each other. Nevertheless, application of etther
definition to refer to a CDR of an antihody or variants thereof is intended to be within the
scope of the term as defined and used herein. The appropriate amino acid residues which
encompass the CDRs as defined by each of the above cited references are set forth in the
table below as a comparison. The exact residue numbers which encompass a particular CDR
will vary depending on the sequence and size of the CDR. Those skilled in the art can
routinely determine which residues comprise a particular CDR given the variable region

amino acid sequence of the antibody.
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Kahat Chothia

CDR-H1 33-35 26-32

CDR-H2 50-65 52-58

CDR-H3 95-102 95-102

CDOR-11 24-34 26-32

CDR-12 50-56 50-52

CDR-L3 £9-97 91-96

Kabat e @/, also defined a numbering system for vaniable domain sequences that ts applicable
to any antibody. One of ordinary skill in the art can unambiguously assign this system of
“Kabat numbering” to any variable domain sequence, without reliance on any experimental
data beyond the sequence itself. As used herein, “Kabat numbering” refers to the numbering
system set forth by Kabat et o/, UK. Dept. of Health and Human Services, “Sequence of

Proteins of Immunological Interest” {1983).

In addition to table above, the Kabat number system describes the CDR regions as tollows:
CDR-H1 begins at approximately amino acid 31 (i.e., approximately 9 residues after the first
cysteine residue), includes approximately 5-7 amino acids, and ends at the next tryptophan
residue. CDR-H2 begins at the fifteenth residue after the end of CDR-H1, includes
approximately 16-19 amino acids, and ends at the next arginine or lysine residue. CDR-H3
begins at approximately the thirty third amino acid residue after the end of CDR-H2; includes
3-25 amino acids; and ends at the sequence W-G-X-G, where X is any amino acid. CDR-L1
begins at approximately residue 24 (i.e., following a cysteine residue); includes
approximately 10-17 restdues; and ends at the next tryptophan residue. CDR-L2 begins at
approximately the sixteenth residue after the end of CDR-L1 and includes approximately 7
residues. CDR-L3 begins at approximately the thirty third residue after the end of CDR-L2
(i.e., tollowing a cysteine residue); includes approximately 7-11 residues and ends at the

sequence F or W-G-X-(3, where X is any aminoc actd.

Antibodies disclosed herein may be from any animal origin including birds and mammals.
Preferably, the antibodies are human, murine, donkey, rabbit, goat, guinea pig, camel, llama,
horse, or chicken antibodies. In another embodiment, the variable region may be

condricthoid in origin {e.g., from sharks).

As used herein, the term “heavy chain constant region” includes amino acid sequences
derived from an iramunoglobulin heavy chain. A polypeptide comprising a heavy chain

constant region comprises at least one of: a CH1 domain, a hinge {(e.g., upper, middle, and/or
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lower hinge region) domain, a CH2 domain, a CH3 domain, or a variant or fragment thereof,
For example, an antigen-binding polypeptide for use in the disclosure may comprise a
polypeptide chain comprising a CHI domain; a polypeptide chain comprising a CHI domain,
at least a portion of a hinge domain, and a CH2 domain; a polypeptide chain comprising a
CHI domain and a CH3 domain; a polypeptide chain comprising a CHI domain, at least a
portion of a hinge domain, and a CH3 domain, or a polypeptide chain comprising a CH1
domain, at least a portion of a hinge domain, a CHZ domain, and a CH3 domain. In another
embodiment, a polypeptide of the disclosure comprises a polypeptide chain comprising a
CH3 domain. Further, an antibody for use in the disclosure may lack at least a portion of a
CH2 domain (e.g., all or part of a CH2 domain). As set forth above, it will be understood by
one of ordinary skill in the art that the heavy chain constant region may be modified such that

they vary in amino acid sequence from the naturally occurring timmunoglobulin molecule.

The heavy chain constant region of an antibody disclosed herein may be derived from
different immunoglobulin molecules. For example, a heavy chain constant region of a
polypeptide may comprise a CHI domain derived from an IgGi molecule and a hinge region
derived from an IgGs molecule. In another example, a heavy chain constant region can
comprise a hinge region derived, in part, from an IgGi molecule and, in part, from an IgGs
molecule. In another example, a heavy chain portion can comprise a chimeric hinge derived,

in part, from an IgGi molecule and, in part, from an IgGs molecule.

As used herein, the term “light chain constant region” includes anmino acid sequences derived
from antibody light chain. Preferably, the light chain constant region comprises at least one

of a constant kappa domain or constant lambda domain.

A “light chain-heavy chain pair” refers to the collection of a light chain and heavy chain that
can form a dimer through a disulfide bond between the CL domain of the light chain and the

CH! domain of the heavy chain.

As previously indicated, the subunit structures and three-dimensional configuration of the
constant regions of the various immunoglobulin classes are well known. As used herein, the
term “VH domain” includes the amino terminal variable domain of an immunoglobulin heavy
chain and the term “CHI1 domain” 1ncludes the first (most amino terminal ) constant region
domain of an immunoglobulin heavy chain. The CH1 domain is adjacent to the VH domain

and is amino terminal to the hinge region of an immunoglobulin heavy chain molecule.
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As used herein the term “CH2 domain” includes the portion of a heavy chain molecule that
extends, e.g., from about residue 244 to residue 300 of an antibody using conventional
numbering schemes (residues 244 to 360, Kabat numbering system; and residues 231-340,
EU numbering system; see Kabat ef ¢/, U8, Dept. of Health and Human Services,
“Sequences of Proteins of Immunological Interest” (1983). The CH2 domain s unigue in
that it is not closely paired with ancther domain. Rather, two N-linked branched
carbohydrate chains are interposed between the two CH2 domains of an intact native IgG
molecule. It is also well documented that the CH3 domain extends from the CH2 domain to

the C-terminal of the IgG molecule and comprises approximately 108 residues.

As used herein, the term “hinge region” includes the portion of a heavy chain molecule that
joins the CHI domain to the CH2 domain. This hinge region comprises approximately 25
residues and is flexible, thus allowing the two N-terminal antigen-binding regions to move
independently. Hinge regions can be subdivided into three distinct domains: upper, middle,

and fower hinge domains (Roux et al., J. immunol 161:4083 (1998}).

As used herein the term “disulfide bond” includes the covalent bond formed between two
sutfur atoms. The amivo acid cysteine comprises a thiol group that can form a disulfide bond
or bridge with a second thiol group. In most naturally occurring IgG molecules, the CH1 and
CK regions are linked by a disultide bond and the two heavy chains are linked by two
disulfide bonds at positions corresponding to 239 and 242 using the Kabat numbering system

{position 226 or 229, EU numbering system).

As used herein, the term “chimeric antibody” will be held to mean any antibody wherein the
immuno-reactive region or site is obtained or derived from a first species and the constant
region (which may be intact, partial or modified in accordance with the instant disclosure) is
obtained from a second species. In certain embodiments, the target binding region or site will

be from a non-human source (e.g. mouse or primate} and the constant region is human.

As used herein, “percent humanization” is calculated by determining the number of
framework amino acid differences (i.2., non-CDR. difference) between the humanized domain
and the germline domain, subtracting that number from the total number of amino acids, and

then dividing that by the total number of amino acids and multiplying by 100,

By “specifically binds” or “has specificity to,” it is generally meant that an antibody binds to

an epitope via its antigen-binding domain, and that the binding entails some complementarity
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between the antigen-binding domain and the epitope. According to this definition, an
antibody 1s said to “specifically bind” to an epitope when it binds to that epitope, via its
antigen-binding domatn more readily than it would bind to a random, uvorelated epitope. The
term “specificity” is used herein to qualify the relative affinity by which a certain antibody
binds to a certain epitope. For example, antibody “A” may be deemed to have a higher
specificity for a given epitope than antibody “B,” or antibody “A” may be said to bind to

epitope “C” with a higher specificity than it has for related epitope “D.”

As used herein, the terms “treat” or “treatment” refer to both therapeutic treatment and
prophylactic or preventative measures, wherein the object is to prevent or slow down (fessen)
an undesired physiological change or disorder, such as the progression of cancer. Benetficial
or desired clinical results include, but are not limited to, alleviation of symptoms,
diminishment of extent of disease, stahilized (i.e., not worsening) state of disease, delay or
slowing of disease progression, amelioration or palliation of the disease state, and remission
(whether partial or total), whether detectable or undetectable. “Treatment” can also mean
prolonging survival as compared to expected survival if not receiving treatment. Those in
need of treatment include those already with the condition or disorder as well as those prone
to have the condition or disorder or those in which the condition or disorder is to be

prevented.

By “subject” or “individual” or “animal” or “patient” or “mammal.” is meant any subject,
particularly a mammalian subject, for whom diagnosis, prognosis, or therapy is desired.
Mammalian subjects include humans, domestic animals, farm animals, and zoo, sport, or pet

animals such as dogs, cats, guinea pigs, rabbits, rats, mice, horses, cattle, cows, and so on.

As used herein, phrases such as “to a patient in need of treatment” or “a subject in need of
treatment” includes subjects, such as mammalian subjects, that would benefit from
administration of an antibody or composition of the present disclosure used, e.g., for

detection, for a diagnostic procedure and/or for treatment.

Anti-ii~18R alpha and beta antibodies

Some cytokine-directed therapies have been associated with an increase in infections. This
might be less of a concern with anti-IL-18-directed antibodies. Nevertheless, recent clinical

studies investigating the safety and etficacy of an anti-IL-18 monoclonal antibody with 30
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pM affinity was used to evaluate its ability to restore fasting plasma glucose control, insulin
fevels and C-reactive peptide {(a proxy for insulin levels) failed to show appreciable efficacy.
It is therefore not surprising that no therapeutic antibodies have been developed targeting the

receptors.

Various embodiments of the present disclosure provide antibodies specific to IL-18 receptor

o or B. These antibodies can be effective therapeutic agents given their unique features. Often,
antagonistic antibodies impede receptor-mediated signaling by steric blockade of the ligand
binding site. The anti-IL~-18RP antibody 3131 of the present disclosure, however, targets the
nou-ligand binding compouent of the receptor, as shown in the structural data obtained herein.
This subunit of the receptor does not directly contact the ligand, but rather forms
intermolecular contacts with the ligand-binding IL-18Ro subunit. In dotog so, it mediates the
signaling function of the receptor complex and without i, no transduction of ligand signals
occurs. Antibody 3131 interaction with 1L-18RJ appears to occur at the hinge region between
domains 2 {D2) and 3 (D3), distorting the relative angle between them into a conformation
that cannot interact with H.-18Rq. This effectively impedes formation of a functional

receptor-tigand complex and inhibits downstream signaling in a new manner.

It is also interesting that the IL-18R] antibody 3131 exhibited apprectable affinity for its
mouse ortholog. This is useful as it will enable pre-clinical evaluation of its distribution,
safety and activity in a mouse model against the endogenous receptor thus facilitating

development and the path to chinical evaluation.

In accordance with one embodiment of the present disclosure, antibodies and fragments
thereof are provided that specifically bind to the IL-18Rp protein. These antibodies or
fragments can have binding specificity to two or more of the following regions, (1) the D1-
D2 domains, (2} the hinge region, and (3) the D3 domain of a human interfeukin-18 receptor
beta (IL-18RJ) protein. The hinge regions can be tllustrated with an example IL-18Rp
sequence, SEQ ID NO: 161 (UniProt ID 095256, Table A). In SEQ ID NG:1, amino acid
residues 1-243 are the D1 and D2 domains. Amino acid residues 244-246 constitute the hinge

region. Amino acid residues 247-356 constitute the D3 domain.

Anuno acid residues in the D1-D2 domains that can be involved in binding the antibody or
fragment include, without limitation, 1167, D213, and T242. Amino acid residues in the

hinge region that can be involved in binding the antibody or fragment include, without
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Himitation, V244, G245 and D246, Amino acid residues in the D3 domain that can be
involved in binding the antibody or fragment include, without imitation, G278, F279, R281

V282, F283, N284, P285, 8310, E315 and I317.

K

In one emnbodiment, the antibody of fragment thereof binds to at least a residue tn the D1-D2
domains {e.g., one of more of L167, D213, or T242, preferably one or more of D213 or T242)
and at least a residue o the hinge region {(e.g., one or moore of V244, G245 or D246,

preferably V244).

In one embodiment, the antibody of fragment thereof binds to at least a residue in the D1-D2
domains {e.g., one or more of L167, D213, and T242, preferably one or more of D213, and
1242} and at least a residue in the D3 domain {one or more of G278, F279, R281, V282,
F283, N284, P285, 8310, E315 or 1317, or preferably one or more of G278, R281, V282,
F283, N284, P28S, S310, E315 or I317).

In one embodiment, the antibody of fragment thereof binds to at least a residue in the hinge
region {e.g., one or more of V244, G245 or D246, preferably V244) and at least a residue in
the D3 domain (one or more of G278, F279, R281, V282, F283, N284, P285, 8310, E315 or
1317, or preferably one or more of G278, R281, V282 F283, N284, P285, 8310, E315 or
1317).

In one embodiment, the antibody of fragment thereof binds to at least a residue 1n the D1-D2
domains {(e.g., one or more of L167, D213, or T242, preferably one or more of D213 or
T242), at least a residue in the hinge region (e.g., one or more of V244, G245 or D246,
preferably V2443, and at least a residue in the D3 domain {one or more of G278, F279, RZ81,
V282, F283, N284, P285S, 8310, E315 or 1317, or preferably one or more of G278, R281,
Y282, F283, N284, P28S, S310, E315 or I317).

Inn one embodiment, the antibody of fragment thereof binds to D213 and T242 of B1-D2,
V244 of the hinge region, and at least two, three, four, five, six, seven or eight residues in the
D3 domain selected from G278, F279, R281, V282, F283, N284, P28S, $310, E315 and 317,
or from G278, R281, V282, F283, N284, P285, S310, E315 and 1317,

In one embodiment, the antibody of fragment thereof binds to amino acid residues D213,

T242, V244, G278, R281, V282, F283, N284, P285, $310, E315 and 1317. In one
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embodiment, the antibody of fragment thereof binds to amino acid residues L167, D213,

1242, V244, G278, F279, R281, V282, F283, N284, P28S5, 8310, E315 and 1317.

Table A, Example 1L-18Rp sequence

Mame Sequence

EblgRB 1 MLCLGWIFLW LVAGERIKGE NISGCSTKKL LWTYSTRSEE EPFVLFCDLPE
(SEQID

51 POXSHFCHRN RLSPRQOVPEH LPEMGSNDLSE VOWYQOPSN GDPLEDIRKS
NC:161) 2 ) E 2SS a

101 YPHIIQDKCT LHFLTPGVNN SGSYICRPKM IKSPYDVACC VKMILEVEKFRQ

151 TNASCEYSAS HEKQODLLLGST GSISCPSLSC QSDAQSPAVT WYENGKLLSV
*

201 ERSNRIVVDE VYRYHQGTYV CDYTQSDTVS SWTVRAVVQY RTIVEDTKLK

* ok ok ok
251 PDILDPVEDT LEVELGKPLT ISCRARFGFE RVENPVIKWY IKDSDLEWEV
&k ook k&
301 SVPEAKSIKS TLKDEIIERN ITLERKVTQRD LRRKFVCEVQ NSIGNTTQSV

* *

*

351 QLKEKRGVVL LYILLGTIGT LVAVLAASAL LYRHWIEIVL LYRTYQSKDQ
401 TLGDREDFDA FVSYAKWSSF PSEATSSLSE EHLALSLFEPD VLENKYGYSL
451 CLLERDVAPG GVYAEDIVSI IKXKRSRRGIFI LSPNYVNGPS IFELCAAVNL

501 ALDDQTLRLI LIKFCYE

EP ESLPELVKKA LRVLPTVITWR GLKSVPPNSR

551 FWAKMRYHMP VKNSQGFTWN QLRITSRIFQ WHKCLSRTETT GR3SQPKEW

In some embodiments, the antibody or tragment can bind to both human and mouse IL-18Rp

proteins.

Antibodies and fragments of the present disclosure are also described with respect to their
CDR sequences. In one embodiment, an antibody or fragment thereof is provided that has
binding specificity to a human interleukin-18 receptor beta (IL-18Rp) protein, wherein the
antibody or fragment thereof comprises a light chain variable region comprising hight chain
complementarity determining regions CDRL1, CDRL2, and CDRL3 and a heavy chain
variable region comprising heavy chain complementarity determining regions CDRH1,
CDRH2, and CDRH3, and wherein the CBRL3, CDRHI, CDRH2, and CDRH3, are selected
from combinations 1-27 of Table B. The antibody or fragment disclosure herein can also
include a CDRL1 and a CDRL2. A good variety of CDRIL1 and CDRL2 sequences can be
emploved here. Non-limiting examples include QSVSSA (SEQ ID NO:45) and SAS (SEQ ID

NO-46), respectively, as well as them with substitutions as illustrated in Table B1.
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It can be readily appreciated that certain modification {e.g., one, two, or three amino acid
additions, deletions, conservative amino acid substitutions) 1o one or more of the CDR
sequences can be made while retaining the binding activity of the antibody or fragment. In
some embodiments, the modifications are amino acid substitution of one, two, or three

residues.

In some embodiments, the modification is substitution at no more than one hot spot position
from each of the CDRs. In some embodiments, the modification is substitution at one, two or
three such hot spot positions. In one embodiment, the modification is substitution at one of
the hot spot positions. Such substitutions, in some embodiments, are conservative

subsiitutions.

A “conservative amino acid substitution” 1s one in which the amino acid residue is replaced
with an amino acid residue having a similar side chain. Families of amino acid residues
having similar side chains have been defined in the art, including basic side chains {e.g.,
lysine, arginine, histidine), acidic side chains {e.g., aspartic acid, glutamic acid), uncharged
polar side chains (e.g., glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine),
nonpolar side chains (e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine,
methionine, tryptophan), beta-branched side chains (e.g., threonine, valine, isoleucine) and
aromatic side chains {e.g., tyrosine, phenylalanine, tryptophan, histidine). Thus, a
nonessential amino acid residue in an immunoglobulin polypeptide is preferably replaced
with another amino acid residue from the same side chain family. In another embodiment, a
string of amino acids can be replaced with a structurally similar string that differs in order

and/or composttion of side chain family members.

Non-limiting examples of conservative amino acid substitutions are provided in the table
below, where a similarity score of 0 or higher indicates conservative substitution between the

two amino acids.
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Amino Acid Similarity Matrix
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Conservative Amino Acid Substitutions

For Amino Acid

Substitution With

Alanine

D-Ala, L-Gly, Alb, B-Ala, L-Cys, D-Cys

Arginine

0-Arg, L-Lys, D-Lys, Orn, D-Crn

Asparagine

D-Asn, L-Asp, D-Asp, L-Glu, D-Gly, L-Gln, D-GIn

Asgpartic Acid

D-Asp, D-Asn, L-Asn, L-Glu, B-Glu, L-Gln, D-GIn

Cysteine

0-Cys, L-S-Me-Cys, Seleno-Cys (Sec, L-Met, D-Met, L-Thr, D-Thr, L-Ser, D-Ser

Giutamine

D-Gin, L-Asn, D-Asn, L-Glu, D-Glu, L-Asp, D-Asp

Giutamic Acid

D-Glu, D-Asp, L-Asp, L-Asn, D-Asn, L-Gln, D-Gin

Glycine L-Ala, D-Ala, L-Pro, D-Pro, Aib, B-Ala
isoleucine D-lie, L-Val, D-Val, L-Leu, D-Leu, L-Met, D-Met
Leucine L-Val, O-Val, L-Met, O-Met, D-lle, D-Ley, L-ile
Lysine O-Lys, L-Arg, D-Arg, L-Orn, B-Orn

Methionine

D-Met, L-S-Me-Cys, L-lie, D-lle, L-Leu, D-Leu, L-Val, D-Val

Phenylalanine

D-Phe, L-Tyr, D-Tyr, L-His, D-His, L-Trp, D-Trp

Proline D-Pro

Serine D-Ser, L-Thr, D-Thr, allo-Thr, L-Cys, B-Cys, Seleno-Cys {Sec)
Threonine D-Thr, L-Ser, D-Ser, allo-Thr, L-Met, D-Met, L-Val, D-Val
Tyrosine D-Tyr, L-Phe, D-Phe, L-His, D-His, L-Trp, D-Trp
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Valine

D-Val, L-Leu, D-Ley, L-tle, D-lle, L-Met, D-Met

Specific examples of CDRs (from F3131, #1 in Table B} with suitable substitutions are

provided in the table below.

Table B, Substitutions of CDR Residues

LOR

No.*

Residue

Can be substituted with

CDRLL

27

Q

N,D,E ST, YW H KGR

28

NDE QT Y, W H KR

28

ALLMPF

36

NDEGTY,WHKR

37

NDEGTY,WHKR

>l ol w»

VoL LM, P F

CDRL2

NDEGT Y, W H KR

w
~J

oW

V,LLMPF

55 S NDEGT Y, W H KR
CDRL3 145 Q N,DE STV, W, H KR
106 Q N,DE S, TLY, W H KR
147 Y NDOESTQWHKRVLLMPFEA
108 G NDES T, QW H KR

109

NDESTOWHRKRVLLMPEA

110

ND,E S, TY, WO, KR

112

NDESTOWHKRVLLMPEA

113

V,LLMPF

114

V,LLMPF

115

-

VLA M,PF

116

VLA MPF

117

NDEGSY,WHEKR

CDRH1

27

@ -

NDESTOWHKRVLLMPEAY

i

ALLMPY

29

prd

O,0,ES5TY,WHKR

38

V, LA M B F

NDEST QW HIKRVYLLMPEA

36

NDOESTQWHKRVLLMPFEA

N,DE QT Y, W H KR

N,DE QT Y, W H KR

V,LALPRF

CDRH2

mgmw-<—<r~

NDEQTY,WH KR

V,LAMPF

N,DES T QW HKRVLLMPEA

NDEGTY,WHKR

Wi | =

N,D,E.QT.Y, W, H KR

ey
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62 Y NDOESTQWHKRVLLMPFEA

63 G NDESTOGWHEKRVLLMPFRAY

64 Y NDESTOGWHEKRVLLMPFEA

55 T NDE QS Y, W H KR

66 Y N,DES T QW HKRVLLMPEA
CDRH3 105 A V,LLMPF

106 R N,DE QT Y, W H KS

107 5 NDEGTY,WHKR

108 S NDEGT Y, W H KR

108 F ALLMPYV

110 S NDEGT Y, W H KR

111 H NDESTY, WO KR

1111 G NDEST QW HEKRVYLLMPFAY

112.2 Y NDEST QW HKRVYLLMPFA

1121 G NOESTQWHEKRVLLMPEAY

112 W ALLMPVF

113 Y NDESTOWHRKRVLLMPEA

114 G NDESTOGWHEKRVLLMPFRAY

118 L VLA M P F

116 o NGESTY W HKR

117 Y N,DES T QW HKRVLLMPEA

* IMGT mumbering system
Specific example antibodies include those that have a heavy chain sequence of SEQ 1D NO:2,
6, 10, 14, 18, 22, 26, 30, 34, or 38 and/or a light chain sequence of SEQ ID NG:4, §, 12, 16,

2

20, 24, 28, 32, 36, and 40, and their respective biological variants.

Anttbody 3131 (with a heavy chatn variable regton of SEQ 1D NG:2, and a light chain
variable region of SEQ ID NO:4) went through a few rounds of affinity maturations, resulting
in the generation of 3131 AM1-1 and AM1-2 (see Table 2), and those provided in Table 8.
Each of these affinity maturated antibodies, their Fab tfragments, variable regions and CDRs

are also within the scope of the present disclosure.

In some embodiments, an antibody or fragment of the present disclosure includes CDRL3,
CDRHI, CDRH2, and CDRH3 of 3131 or each of its affinity maturated variants {(e.g., Table
9). In some embodiments, an antibody or fragment of the present disclosure includes CDRLI,
CDRLZ, CDRL3, CDRHI, CDRHZ, and CDRH3 of 3131 or each of its aftinity maturated

vartants {e.g., Table 9).

In some embodiments, an antibody or fragment of the present disclosure includes a heavy

chain variable region and a light chain variable region of an affinity maturated variant of
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Table 8, such as AM2-1, AM2-1, AM2-2, AM2-2, AM2-3, AM2-3, AM2-4, AM2-4, AM2-5,
AMZ2-5, AM2-6, AM2-6, AM2-7, AM2-7, AM2-8, AM2-8, AM2-9, AM2-9, AM2-10, AM2-
10, AM2-11, AM2-11, AM2-13, AM2-13, AM2-14, AM2-14, AM2-15, AM2-15, AM2-16,
AM2-16, AM2-17, AM2-17, AM2-18, AM2-18, AM2-21, AM2-21, AM2-24, AM2-24,
AM2-25, AM2-25, AM2-26, AM2-26, AM2-28, AM2-28, AM2-29, AM2-29, AM?2-30,
AM2-30, AM2-31, AM2-31, AM2-32, AM2-32, AM2-33, AM2-33, AM2-35, AM2-35,
AM2-36, AM2-36, AM2-37, AM2-37, AM2-S-G, AM2-8-G, AM2-8-T, AM2-S-T, AM2-§-
H, AM2-8-H, AM2-S-Y, AM2-8-T, AM2-0-01, AM2-0-01, AM2-0-02, AM2-0-02, AM2-
0-03, AM2-0-03, AM2-0-04, AM2-0-04, AM2-0-05, AM2-0-05, AM2-0-06, AM2-0-06,
AMZ2-0-07, AM2-0-07, AM2-0-08, AM2-0-08, AM2-0-09, AM2-0-09, AM2-0-10, AM2-
0-10, AM2-0-11, AM2-O-11, AM2-0-12, AM2-0-12, AM2-0-13, AM2-0-13, AM2-0-14,
AM2-0-14, AM2-0-15, AM2-0-15, AM2-0-16, AM2-0-16, AM2-0-17, AM2-0-17, AM2-
0-18, AM2-0-18, AM2-0-19, AM2-0-19, AM2-0-20, AM2-0-20, AM2-0-21, AM2-0-21,
AM2-0-22, AM2-0-22, AM2-0-23, AM2-0-23, AM2-0-24, AM2-0-24, AM2-0-25, AM2-
0-25, AM2-0-26, AM2-0-26, AM2-0-27, AM2-0-27, AM2-0-28, AM2-0-28, AM2-0-29,
AM2-0-29, AM2-0-30, AM2-0-30, AM2-0-31, AM2-0-31, AM2-0-32, AM2-0-32, AM2-
0-33, AM2-0-33, AM2-0-34, AM2-0-34, AM2-0-35, AM2-0-35, AM2-0-36, AM2-0-36,
AM2-0-37, AM2-0-37, AM2-0-38, AM2-0-38, AM2-0-39, AM2-0-39, AM2-0-40, AM2-
0-40, AM2-0-41, AM2-0-41, AM2-0-42, AM2-0-42, AM2-0-43, AM2-0-43, AM2-0-44,
AM2-0-44, AM2-0-45, AM2-0-45, AM2-0-46, and AM2-0-46.

In some embodiments, an antibody or fragment of the present disclosure includes the CDRs
of an aftinity maturated vartant of Table 8, such as AM2-1, AMZ2-1, AM2-2, AM2-2, AM2-3,
AM2-3, AM2-4, AM2-4, AM2-5, AM2-5, AM2-6, AM2-6, AM2-7, AM2-7, AM2-8, AM2-8,
AM2-9, AM2-9, AMZ-10, AM2-10, AMZ-11, AM2-11, AM2-13, AMZ2Z-13, AM2-14, AM2-
14, AM2-15, AM2-15, AM2-16, AM2-16, AM2-17, AM2-17, AM2-18, AM2-18, AM2-21,
AMZ-21, AM2-24, AM2-24, AMZ-25, AMZ-25, AM2-26, AM2-26, AM2-28, AM2-28,
AMZ-29 AMZ-29, AM2-30, AM2-30, AMZ-31, AM2-31, AM2-32, AM2-32, AM2-33,
AM2-33, AM2-35, AM2-35, AM2-36, AM2-36, AM2-37, AM2-37, AM2-8-G, AM2-S-G,
AMZ-8-T, AM2-8-T, AM2-5-H, AMZ2-8-H, AM2-5-Y, AM2-5-T, AM2-G-01, AM2-0-01,
AM2-0-02, AM2-0-02, AM2-0-03, AM2-0-03, AM2-0-04, AM2-0-04, AM2-0-05, AM2-
0-05, AM2-0G-06, AM2-0-06, AM2-0-07, AMZ-0-07, AM2-0-08, AM2-0-08, AM2-0-09,
AM2-0-09, AM2-0-10, AM2-0-10, AM2-0-11, AM2-0-11, AM2-0-12, AM2-0-12, AM2-
0-13, AMZ-0-13, AMZ-0-14, AM2-G-14, AM2-0-15, AM2-0-15, AMZ-0-16, AM2Z-0-16,
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AM2-0-17, AM2-0-17, AM2-0-18, AM2-0-18, AM2-0-19, AM2-0-19, AM2-0-20, AM2-
0-20, AM2-0-21, AM2-0-21, AM2-0-22, AM2-0-22, AM2-0-23, AM2-0-23, AM2-0-24,
AM2-0-24, AM2-0-25, AM2-0-25, AM2-0-26, AM2-0-26, AM2-0-27, AM2-0-27, AM2-
0-28, AM2-0-28, AM2-0-29, AM2-0-29, AM2-0-30, AM2-0-30, AM2-0-31, AM2-0-31,
AM2-0-32, AM2-0-32, AM2-0-33, AM2-0-33, AM2-0-34, AM2-0-34, AM2-0-35, AM2-
0-35, AM2-0-36, AM2-0-36, AM2-0-37, AM2-0-37, AM2-0-38, AM2-0-38, AM2-0-39,
AM2-0-39, AM2-0-40, AM2-0-40, AM2-0-41, AM2-0-41, AM2-0-42, AM2-0-42, AM2-
0-43, AM2-0-43, AM2-0-44, AM2-0-44, AM2-0-45, AM2-0-45, AM2-0-46, and AM2-
0-46.

Examples of such CDR combinations include, without limitation, for CDRL1, CDRL2,
CDRL3, CDRHI, CBRH2, and CDRH3, SEQ 1D N(:45, 40,332, 74, 95, and 117 {(AM2-1},
SEQ ID NO:45, 46, 47, 74, 340, and 117 (AM2-2), SEQ ID NO:45, 46, 47, 74, 341, and 117
(AM2-3), SEQ ID NO:45, 46, 47, 74, 342, and 117 (AM2-4), SEQ 1D NO:45, 46, 47, 74, 343,
and 117 (AM2-5), SEQ ID NO:45, 46, 47, 74, 344, and 117 (AM2-6), SEQ 1D NO:45, 46,
333, 74, 345, and 117 (AM2-7), SEQ ID NO:45, 46, 47, 74, 346, and 117 (AM2-8), SEQ ID
NO:45, 46, 334, 74, 95, and 117 (AM2-9), SEQ ID NO:45, 46, 47, 74, 347, and 117 (AM2-
10), SEQ 1D NO:45, 46, 47, 74, 347, and 117 (AM2-11), SEQ ID NO:45, 46, 333, 74, 95,
and 117 (AM2-13), SEQ ID NO:45, 46, 335, 74, 95, and 117 (AM2-14), SEQ ID NO:45, 46,
47,74, 348, and 117 (AM2-15), SEQ ID NO:45, 322, 47, 74, 95, and 117 (AM2-16), SEQ ID
NO:45, 46, 47, 74, 349, and 117 (AM2-17), SEQ 1D NO:45, 46, 47, 74, 350, and 117 (AM2-
18), SEQ ID NO:45, 323, 47, 74, 95, and 117 (AM2-21), SEQ ID NO:45, 324, 47, 74, 95,
and 117 (AMZ2-24), SEQ ID NO:45, 46, 47, 74, 95, and 117 (AM2-25), SEQ ID NO:45, 325,
47,74, 95, and 117 (AM2-26), SEQ ID NO:45, 326, 47, 74, 95, and 117 (AM2-28), SEQ ID
NO:45, 322, 47, 74, 95, and 117 (AM2-29), SEQ 1D NO:45, 46, 47, 74, 95, and 117 (AM2-
30), SEQ ID NO:45, 325, 47, 74, 95, and 117 (AM2-31), SEQ ID NO:45, 327, 47, 74, 95,
and 117 (AMZ2-32), SEQ ID NO:45, 46, 47, 74, 351, and 117 (AM2-33), SEQ ID NO:45, 46,
336, 74, 95, and 117 (AM2-35), SEQ 1D NO:45, 46, 47, 74, 352, and 117 (AM2-36), SEQ ID
NO:45, 46, 336, 74, 352, and 117 (AM2-37), SEQ ID NO:45, 328, 47, 74, 95, and 117
(AM2-5-G), SEQ 1D NO:45, 329, 47, 74, 95, and 117 (AM2-S-T), SEQ ID NO:45, 330, 47,
74,95, and 117 (AM2-S-H), SEQ ID NO:45, 331, 47, 74, 95, and 117 (AM2-5-Y), SEQ ID
NO:45, 46, 47, 337, 350, and 117 (AM2-0-01), SEQ ID NO:45, 46, 47, 338, 350, and 117
(AM2-0-02), SEQ ID NO:45, 46, 47, 339, 350, and 117 (AM2-0-03), SEQ ID NO:45, 46, 47,
337,343, and 117 (AM2-0-04), SEQ ID NG:45, 46, 47, 338, 343, and 117 (AM2-0-05),
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SEQ TD NO:4S, 46, 47, 339, 343, and 117 (AM2-0-06), SEQ ID NO:45, 328, 47, 74, 350,
and 117 (AM2-0-07), SEQ ID NO:45, 328, 47, 337, 350, and 117 (AM2-0-08), SEQ ID
NO:4S, 328, 47, 338, 350, and 117 (AM2-0-09), SEQ ID NO:45, 328, 47, 339, 350, and 117
(AM?2-0-10), SEQ ID NO:45, 328, 47, 74, 343, and 117 (AM2-0-11), SEQ ID NO:45, 328,
47,337,343, and 117 (AM2-0-12), SEQ ID NO:45, 328, 47, 338, 343, and 117 (AM2-0-13),
SEQ ID NO:45, 328, 47, 339, 343, and 117 (AM2-0-14), SEQ ID NO:45, 46, 333, 74, 350,
and 117 (AM2-0-15), SEQ ID NO:45, 46, 333, 337, 350, and 117 (AM2-0-16), SEQ ID
NO:435, 46, 333, 338, 350, and 117 (AM2-0-17), SEQ ID NO:45, 46, 333, 339, 350, and 117
(AM?2-0-18), SEQ ID NO:45, 46, 333, 74, 343, and 117 (AM2-0-19), SEQ ID NO:45, 46,
333, 337, 343, and 117 (AM2-0-20), SEQ ID NO:45, 46, 333, 338, 343, and 117 (AM2-O-
21), SEQ ID NO:45, 46, 333, 339, 343, and 117 (AM2-0-22), SEQ ID NO:45, 328, 333, 74,
350, and 117 (AM2-0-23), SEQ ID NO:45, 328, 333, 337, 350, and 117 (AM2-0-24), SEQ
ID NO:45, 328, 333, 338, 350, and 117 (AM2-0-25), SEQ ID NO:45, 328, 333, 339, 350,
and 117 (AM2-0-26), SEGQ 1D NO:45, 328, 333, 74, 343, and 117 (AMA-O—ﬁx SEQ ID
NO:45, 328, 333, 337, 343, and 117 (AM2-0-28), SEQ ID NO:45, 328, 333, 338, 343, and
117 (AM2-0-29), SEQ ID NO:45, 328, 333, 339, 343, and 117 (AM2-0-30), SEQ ID NO:4S5,
46, 335, 74, 350, and 117 (AM2-0-31), SEQ 1D NO:45, 46, 335, 337, 350, and 117 (AM2-O-
32), SEQ ID NO:45, 46, 335, 338, 350, and 117 (AM2-0-33), SEQ ID NO:45, 46, 335, 339,
350, and 117 (AM2-0-34), SEQ ID NO:45, 46, 335, 74, 343, and 117 (AM2-0-35), SEQ ID
NO:45, 46, 335, 337, 343, and 117 (AM2-0-36), SEQ ID NO:45, 46, 335, 338, 343, and 117
(AM2-0-37), SEQ ID NO:45, 46, 335, 339, 343, and 117 (AM2-0-38), SEQ ID NO:4S, 328,
335, 74, 350, and 117(AMZ~On39), SEQ ID NO:45, 328, 335, 337, 350, and 117 (AM2-O-
40), SEQ ID NO:45, 328, 335, 338, 350, and 117 (AM2-0-41), SEQ ID NO:45, 328, 335,
339, 350, and 117 (AM2-0-42), SEQ ID NO:45, 328, 335, 74, 343, and 117 (AM2-0-43),
SEQ 1D NO-45, 328, 335, 337, 343, and 117 (AM2-0-44), SEQ 1D NO:45, 328, 335, 338,
343, and 117 (AM2-0-45), and SEQ ID NO:45, 328, 335, 339, 343, and 117 (AM2-0-46).

Non-limiting examples of such antibodies or fragments include those having the heavy chain
variable region and light chain variable region of each of the variants in Table 8, as well as
those having about at least 75%, 80%, 85%, 90%, 95%, 98%, or 99% sequence identity to
each of the heavy chain variable region and light chain variable region of each of the variants

in Table 8, while retaining the respective CDR sequences (see, e.g., Table 9).
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The present disclosure likewise provides antibodies and fragments thereof that specifically
bind to a human interleukin-18 receptor alpha (IL-18Ro) protein. In some embodiments, the
antibody or fragment thereof comprises a light chain variable region comprising light chain
complementarity determining regions CDRL1, CDRL2, and CDRL3 and a heavy chain
variable region comprising heavy chain complementarity determining regions CDRHI,
CDRH2, and CDRH3, and wherein the CDRL3, CDRH1, CDRH2, and CDRH3, are selected
from combinations 1-12 of Table C. The antibody or fragment disclosure herein can also
include a CDRL1 and a CDRL2. A good variety of CDRL1 and CDRL2 sequences can be
emplioyed here. Non-limiting examples include QSVSSA (SEQ ID N(:45) and SAS (SEQ D

NO:40), respectively, as well as their biological equivalents as illustrated in Table C1.
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it can be readily appreciated that certain modification {e.g., one, two, or three amino acid
additions, deletions, conservative amino acid substitutions) to one or more of the CDR
sequences can be made while retaining the binding activity of the antibody or fragment. In
some embodiments, the modifications are amino acid substitution of one, two, or three

residues.

In some embodiments, the modification is substitution at no more than one hot spot position
from each of the CDRs. In some embodiments, the modification is substitution af one, two or
three such hot spot positions. In one embodiment, the modification is substitution at one of
the hot spot positions. Such substitutions, in some embodiments, are conservative

subsiitutions.

Specific examples of CDRs (from CDR Combination #11 in Table C) with suitable

substitutions are provided in the table below.

Table C1. Substitutions of CDR Residues

CDR No.* Residue Can be substituted with
CDRL1 27 &} N,DESTY,WH KR
28 S MN,DLE, QT Y, W, H, KR
28 v ALLMPF
36 S N,DEQTY,WHEKR
37 5 N, DLE QT Y, W, H KR
38 A VL LM, P F
CDORL2 56 S N,DLE, QT Y, W, H KR
57 A V, L LM, P, F
65 S N,DEQTY,WHEKR
CDRL3 105 Q M, D E ST, Y, W, H KGR
106 Q N,D,ESTYWHKR
107 Y N,DES,T,O W H KRV, LLMPFA
108 W ALL M PV F
114 H N,DE,ST,Y, W, QKR
115 P VLA M LF
116 F ALL M BV
117 T N,D,E, Q5 Y, W H KR
CORH1 27 G N, DLE ST, QW H KRV, LLMPFAY
28 F AL LM, PV
29 N Q,0,EST,Y, W, H KR
30 i V, LA M,P,F
35 S N,DEQTY,WHEKR
36 5 N, DLE QT Y, W, H KR
37 S N,D,E QT Y W HKR
38 S N,DE,QTY,W H KR
38 i V, LA M,P,F
CDRH2 5% S N,DEQTY,WHEKR
56 ! V, LA M, P, F
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57 S N,DEQTYWH KR
58 5 NDE QT Y, W H KR
58 S N,DE QT Y WHKR
62 Y N,DESTOWHKRVLLMPFA
63 5 N DE QT Y, W H KR
64 S NDE QT Y, W, H KR
65 T N, DLE QS Y, W H KR

66 Y N,DESTOWHKRYLLMPFEA

CDRH3 105 A Vv, LLMPF
106 R N DLE QT Y, W H K S
107 G N,DESTOWHKRYLLMPFAY
114 A vV, LLMPF
115 F ALLMP YV
116 D N, ES T YW HKR
117 Y N DE ST, QW H KRV, LLMPF A

* IMGT numbering systern
Specific example antibodies include those that have a heavy chain sequence of SEQ ID
NQO:42, and/or a light chain sequence of SEQ ID N(:44, and their respective biological

variants.

It will also be understood by one of ordinary skill in the art that antibodies as disclosed herein
may be modified such that they vary in amino acid sequence from the naturally occurring
binding polypeptide from which they were derived. For example, a polypeptide or amino
acid sequence derived from a designated protein may be similar, e.g., have a certain percent
identity to the starting sequence, e.g., it may be 60%, 70%, 75%, 80%, 85%, 90%, 95%, 98%,

or 99% identical to the starting sequence.

In certain embodiments, the antibody comprises an amino acid sequence or one or more
moieties not normally associated with an antibody. Exemplary modifications are described in
more detail below. For example, an antibody of the disclosure may comprise a flexible linker
sequence or may be modified to add a functional moiety (e.g., PEG, a drug, a toxin, ora

fabel}.

Antibodies, vanants, or derivatives thereof of the disclosure include denivatives that are
modified, i.e., by the covalent attachment of any type of molecule to the antibody such that
covalent attachment does not prevent the antibody from binding to the epitope. For example,
but not by way of limitation, the antibodies can be modified, e.g., by glycosylation,
acetylation, pegylation, phosphorylation, phosphorylation, amidation, derivatization by
known protecting/blocking groups, proteolytic cleavage, linkage to a cellular ligand or other

protein, efc. Any of numerous chemical modifications may be carried out by known
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techuiques, including, but not limited to specific chemical cleavage, acetylation, formylation,
metabolic synthesis of tunicamycin, etc. Additionally, the antibodies may contain one or

more non-classical amino acids.

In some embodiments, the antibodies may be conjugated to therapeutic agents, prodrugs,
peptides, proteins, enzymes, viruses, lipids, biological response modifiers, pharmaceutical

agents, or PEG.

The antibodies may be conjugated or fused to a therapeutic agent, which may include
detectable labels such as radicactive labels, an immunomodulator, a hormone, an enzyme, an
oligonucleotide, a photoactive therapeutic or diagnostic agent, a cytotoxic agent, which may
be a drug or a toxin, an ultrasound enhancing agent, a non-radicactive label, a combination

thereof and other such agents known in the art.

The antibodies can be detectably labeled by coupling it to a chemiluminescent compound.

The presence of the chemiluminescent-tagged antigen-binding polypeptide is then determined
by detecting the presence of luminescence that arises during the course of a chemical reaction.
Examples of particularly useful chemiluminescent fabeling compounds are luminol,

isoluminol, theromatic acridinium ester, imidazole, acridinium salt and oxalate ester.

The antibodies can also be detectably labeled using fluorescence emitting metals such

as '*Eu, or others of the lanthanide series. These metals can be attached to the antibody
using such metal chelating groups as diethylenetriaminepentacetic acid (DTPA) or
ethylenediaminetetraacetic acid (EDTA). Techniques for conjugating various moieties to an
antibody are well known, see, e.g., Arnon ef al., “Monoclonal Antibodies For
Immunotargeting Of Drugs In Cancer Therapy”, in Monoclonal Antibodies And Cancer
Therapy, Reisfeld er al. (eds.), pp. 243-56 (Alan R. Liss, Inc. (1985); Hellstrom ef al.,
“Antibodies For Drug Delivery”, in Controlled Drug Delivery (2nd Ed ), Robinson ef al |
(eds.), Marcel Dekker, Inc., pp. 623~ 53 (1987); Thorpe, “Antibody Carriers Of Cytotoxic
Agents In Cancer Therapy: A Review”, in Monoclonal Antibodies '84: Biological And
Clinical Applications, Pinchera ¢ al. (eds.), pp. 475-506 (1985); “Analysis, Results, And
Future Prospective Of The Therapeutic Use Of Radiolabeled Antibody In Cancer Therapy”,
in Monoclonal Antibodies For Cancer Detection And Therapy, Baldwin er al. {eds.),
Academic Press pp. 303-16 (1985), and Thorpe et al., “The Preparation And Cytotoxic

Properties Of Antibody-Toxin Conjugates”, fmmunol. Rev. (52:119-38 (1982)).
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Bi-functional Molecules

I1-18 1s a pro-inflammatory, IFN-~y-inducing cytokine. As a member of the IL-1 family of
cytokines, it is thought to play a role in early inflammatory responses and is synthesized by a
range of both hematopoietic and non-hematopotetic cells {e.g., macrophages, dendritic cells,
Kuppfer cells, keratinocytes, osteoblasts, astrocytes, adrenal cortex cells, intestinal epithelial
cells, microglial cells, and synovial fibroblasts) both constitutively and in response to
lipopolysaccharide and other cytokines such as TNF-a. It s conternplated that bi-functional
molecules that combine an anti-IL-18R alpha or beta antibody or fragment with another
molecule or fragment that has specificity (second specificity) to a cytokine, an immune

checkpoint, or a cancer antigen would have synergistic effect in treatments.

In some embodiments, the second specificity 18 to a molecule selected from TL-1, CD3, CD16,
CD19, CD28, and CD064. Other examples include PD-1, CTLA-4, LAG-3 (also known as
CD223), CD28, CD122, 4-1BB (also known as CD137), TIM3, 0X-40 or OX40L, CD40 or
CD40L, LIGHT, ICOS/ICOSL, GITR/GITRL, TIGIT, CD27, VISTA, B7H3, B7H4, HEVM
or BTLA (also known as CD272), kaller-cell immunoglobulin-like receptors (KIRs), and
CD47.

As an tmmune checkpoint tnhibitor, an antibody or antigen-binding fragment specific to 1L~
I8 receptor can be combined with a second antigen-binding fragment specific to a tumor
antigen to generate a bispecific antibody. A “tumor antigen” is an antigenic substance
produced in tumor cells, f.e., it triggers an immune response in the host. Tumor antigens are
useful in identifving tumor cells and are potential candidates for use in cancer therapy.
Normal proteins in the body are not antigenic. Certain proteins, however, are produced or
overexpressed during tumorigenesis and thus appear “foreign” to the body. This may include
normal proteins that are well sequestered from the immune system, proteins that are normally
produced in extremely sroall quantities, proteins that are normally produced only in certain

stages of development, or proteins whose structure is modified due to mutation.

An abundance of tumor antigens are known in the art and new tumor antigens can be readily
identified by screening. Non-limiting examples of tumor antigens include EGFR, Her2,
EpCAM, CD20, CD30, CD33, CD47, CD52, CD133, CB73, CEA, gpA33, Mucins, TAG-72,
CIX, PSMA, folate-binding protein, GD2Z, GD3, GM2, VEGF, VEGFR, Integrin, o V33,
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oSB1, ERBBZ, ERBB3, MET, IGFIR, EPHA3, TRAILRI, TRAILR2, RANKL, FAP and

Tenascin.

Ditferent formats of bispecific antibodies are also provided. In some embodiments, each of
the anti-IL-18 receptor fragment and the second fragment each is independently selected from
a Fab fragment, a single-chain variable fragment (scFv), or a single-domain antibody . In

some embodiments, the bispecific antibody further includes a Fc fragment.

Bifunctional molecules that include not just antibody or antigen binding fragment are also
provided. As a tumor antigen-targeting molecule, an antibody or antigen-binding fragment
spectfic to IL-18R alpha or beta, such as those described here, can be combined with an
immune cytokine or ligand optionally through a peptide linker. The linked tmumune cytokines
or ligands include, but not limited to, IL-1, L2, IL-3, IL-4, [L.-5, IL-6, IL-7, IL-10, 1L-12,
TL-13, IL-15, GM-CSF, TNF-o,, CD40L, OX40L, CD27L, CD30L, 4-1BBL, LIGHT and
GITRL. Such bi-functional molecules can combine the immune checkpoint blocking effect

with tumor site local immune modulation.

Polynucleotides Encoding the Antibodies and Methods of Preparing the Antibodies

The present disclosure also provides tsolated polynucleotides or nucleic acid molecules {e.g.,
SEQ ID NO:41 and 43) encoding the antibodies, vanants or derivatives thereof of the
disclosure. The polynucleotides of the present disclosure may encode the entire heavy and
light chain variable regions of the antigen-binding polypeptides, variants or derivatives
thereof on the same polynuclectide molecule or on separate polynucleotide molecules.
Additionally, the polynucleotides of the present disclosure may encode portions of the heavy
and light chain variable regions of the antigen-binding polypeptides, variants or derivatives

thereof on the same polvnucleotide molecule or on separate polynucleotide molecules.

Methods of making antibodies are well known in the art and described herein. In certain
embodiments, both the variable and constant regions of the antigen-binding polypeptides of
the present disclosure are fully human. Fully human antibodies can be made using
techniques described in the art and as described herein. For example, fully human antibodies
against a specific antigen can be prepared by administering the antigen to a transgenic animal
which has been modified to produce such antibodies in response to antigenic challenge, but

whose endogenous loct have been disabled. Exemplary techniques that can be used to make
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such antibodies are described in U S, patents: 6,150,584; 6,458,592; 6,420,140 which are

incorporated by reference in their entireties.

Autoimmune and Inflammaiory Diseases

As provided, [L-18 has been shown to be upregulated or to be a risk factor for the
development of various autoimmune and inflammatory diseases, such as Crohn’s disease,

rheumatoid arthritis, systemic lupus erythrites, and cardiovascular disease.

Further, increased fL-18 levels have been observed in individuals at risk of developing either
Type I (T1D) or Type 2 diabetes (T2D). Elevated TL-18 has also been observed in the serum,
urine and islets of juvenile and adult T1D and T2D patients, correlating with the severity of
disease, and the development of sequelae such as diabetic nephropathy. Moreover, studies on
Alzhetmer’s patients have revealed expression of IL-18 is tncreased in the brain and is
thought to contribute to immune and inflammatory processes that enhance oxidative stress

and alter the expression of proteins that contribute to AP formation.

In one embodiment, therefore, provided are methods of using the antibodies and fragments
thereof for treating autoimmune and inflammatory diseases. Non-limiting examples include
Parkinson’s disease, arthritis, rheumatoid arthritis, multiple sclerosis, psoriasis, psoriatic
arthritis, Crohn’s disease, inflammatory bowel disease, ulcerative colitis, lupus, systemic
tupus erythematous, juvenile rheumatoid arthritis, juvenile idiopathic arthritis, Grave's
disease, Hashimoto's thyroiditis, Addison’s disease, celiac disease, dermatomyosttis, multiple
sclerosis, myasthenia gravis, pernicious anemia, Sjogren syndrome, type I diabetes, type 1

diabetes, vasculitis, uveitis, sepsis, atherosclerosis and ankylosing spondylitis.

Concer Treatment

As described above, high IL-18 levels have been observed in numerous cancers either at the
tumor site or systemically. Such cancers include breast, esophageal, gastrointestinal, lung,
hepatic, and ovarian cancers. It 15 believed that adminustration of the presently described
antibodies can be useful for treating or inhibit cancer, and studies in pre-clinical models of
cancer suggest that anti-tumor activity of 1L~18 arises from its ability to potentiate effector

cells such as T cells and NK cells.
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Accordingly, in some embodiments, provided are methods for treating a cancer in a patient in
need thereof. The method, in one embodiment, entails administering to the patient an
etfective amount of an antibody of the present disclosure. In some embodiments, at least one
of the cancer cells (e.g., stromal cells} in the patient expresses, over-express, or is induced to

express [L~-18 or one of its receptors.

Cancers that can be suitably treated include bladder cancer, non-small cell lung cancer, renal
cancer, breast cancer, urethral cancer, colorectal cancer, head and neck cancer, squamous cell
cancer, Merkel cell carcinoma, gastrointestinal cancer, stomach cancer, oesophageal cancer,
ovarian cancer, renal cancer, and small cell lung cancer. Accordingly, the presently disclosed
antibodies can be used for treating any one or more such cancers. In some embodiments, the

cancer is selected from breast, esophageal, gastrotntestinal, lung, hepatic, and ovarian cancers.

Cellular therapies, such as chimeric antigen receptor (CAR) T-cell therapies, are also

provided in the present disclosure. A suitable cell can be used, that is put in contact with an
anti-IL-18R alpha or beta antibody of the present disclosure. Upon such contact or
engineering, the cell can then be introduced to a cancer patient in need of a treatment. The
cancer patient may have a cancer of any of the types as disclosed herein. The cell {e.g., T cell)
can be, for instance, a tumor-infiltrating T lymphocyte, a CD4+ T cell, a CD8+ T cell, or the

combination thereof, without limitation.

In some embodiments, the cell was isolated from the cancer patient him- or her-gelf. Tn some
embodiments, the cell was provided by a donor or from a cell bank. When the cell is isclated

from the cancer patient, undesired immuune reactions can be minimized.

Additional diseases or conditions assoctated with increased cell survival, that may be treated,
prevented, diagnosed and/or prognosed with the antibodies or vartants, or derivatives thereof
of the disclosure include, but are not limited to, progression, and/or metastases of

malignancies and related disorders such as leukemia (including acute leukemias (e.g., acute

>
tymphocytic leukemia, acute myelocytic leukemia (including myeloblastic, promyelocytic,
myelomonocytic, monoeytic, and erythroleukemia)} and chronic leukemias (e.g., chronic
myelocytic (granulocytic) leukemia and chronic lymphocytic leukemia)), polycythemia vera,
tymphomas (e. 2., Hodgkin's disease and non-Hodgkin's disease), multiple myeloma,
Waldenstrom's macroglobulinemia, heavy chain disease, and solid tumors including, but not

Himited to, sarcomas and carcinomas such as fibrosarcoma, myxosarcoma, liposarcoma,
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chondrosarcoma, osteogenic sarcoma, chordoma, angiosarcoma, endotheliosarcoma,
lymphangiosarcoma, lymphangioendotheliosarcoma, synovioma, mesothelioma, Ewing's
tumor, leiomyosarcoma, rhabdomyo sarcoma, colon carcinoma, pancreatic cancer, breast
cancer, thyroid cancer, endometrial cancer, melanoma, prostate cancer, ovarian cancer,
prostate cancer, squamous cell carcinoma, basal cell carcinoma, adenocarcinoma, sweat gland
carcinoma, sebaceous gland carcinoma, papillary carcinoma, papillary adenocarcinomas,
cystadenocarcinoma, medullary carcinoma, bronchogenic carcinoma, renal cell carcinoma,
hepatoma, bile duct carcinoma, choriocarcinoma, seminoma, embryonal carcinoma, Wilm's
tumor, cervical cancer, testicular tumor, lung carcinoma, small cell lung carcinoma, bladder
carcinoma, epithelial carcinoma, glioma, astrocytoma, medulloblastoma, craniopharyngioma,
ependymoma, pinealoma, hemangioblastoma, acoustic neuroma, oligodendroglioma,

menangioma, melanoma, neuroblastoma and retinoblastoma.

Combination Therapies

In a further embodiment, the compositions of the disclosure are administered in combination
with an antineoplastic agent, an antiviral agent, antibacterial or antibiotic agent or antifungal
agents. Any of these agents known in the art may be administered in the compositions of the

current disclosure. Such combinations can be useful for treating various cancers.

I another embodiment, compaositions of the disclosure are administered in combination with
a chemotherapeutic agent. Chemotherapeutic agents that may be administered with the
compositions of the disclosure include, but are not limited to, antibiotic derivatives (e.g.,
doxorubicin, bleomycin, daunorubicin, and dactinomycin); antiestrogens (e.g., tamoxifen);
antimetabolites {e.g., fluorouracil, 5-FU, methotrexate, floxuridine, interferon alpha-2b,
glutamic acid, plicamycin, mercaptopurine, and 6-thioguanine); cytotoxic agents {e.g.,
carmustine, BCNU, lomustine, CCNU, cytosine arabinoside, cyclophosphamide,
estramustine, hydroxyurea, procarbazine, mitomycin, busulfan, cis-platin, and vincristine
sutfate); hormones {(e.g., medroxyprogesterone, estramustine phosphate sodium, ethinyl
estradiol, estradiol, megestrol acetate, methylestosterone, diethylstiltbestrol diphosphate,
chlorotrianisene, and testolactone}; nitrogen mustard derivatives {(e.g., mephalen,
chorambucil, mechlorethamine (nitrogen mustard}) and thiotepa); steroids and combinations
{e.g., bethamethasone sodium phosphate); and others {e.g., dicarbazine, asparaginase,

mitotane, vincristine sulfate, vinblastine sulfate, and etoposide).
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In an additional emnbodiment, the compositions of the disclosure are admunistered in
combination with cytokines. Cytokines that may be administered with the compositions of
the disclosure include, but are not imited to, IL-1, 1L-2, IL-3, IL-4, IL-5, [L-6, IL-7, 1L-10,

1-12, IL-13, IL-15, anti-CD40, CD40L, and TNF-o.

In additional embodiments, the compositions of the disclosure are adnunistered in
combination with other therapeutic or prophylactic regimens, such as, for example, radiation

therapy.

Diagnostic Methods

Over-expression of HL~18 or its receptors is observed in certain tumor samples, and such
patients are likely responsive to treatments with the anti-IL-18 receptor antibodies of the
present disclosure. Accordingly, the antibodies of the present disclosure can also be used for

diagnostic and prognostic purposes.

A sample that preferably includes a cell can be obtained from a patient, which can be a cancer
patient or a patient desiring diagnosis. The cell be a cell of a tumor tissue or a tumor block, a
blood sample, a urine sample or any sample from the patient. Upon optional pre-treatment of
the sample, the sample can be incubated with an antibody of the present disclosure under
conditions allowing the antibody to interact with an 1L-18 receptor protein potentially present
in the sample. Methods such as ELISA can be used, taking advantage of the anti-1L-18

receptor antibody, to detect the presence of the IL.-18 receptor protein in the sample.

Presence of the [L-18 receptor protein in the sample {optionally with the amount or
concentration} can be used for diagnosis of cancer, as an indication that the patient is suitable
for a treatment with the antibody, or as an indication that the patient has {(or has not)
responded to a cancer treatment. For a prognostic method, the detection can be done at once,
twice or more, at certain stages, upon initiation of a cancer treatment to indicate the progress

of the treatment.

Compositions

The present disclosure also provides pharmaceutical compositions. Such compositions

comprise an effective amount of an antibody, and an acceptable carrier. In some
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embodiments, the composition further includes a second anticancer agent (e.g., an immune

checkpoint inhibitor).

In a specific embodiment, the term “pharmaceutically acceptable” means approved by a
regulatory agency of the Federal or a state government or listed in the U.S. Pharmacopeia or
other generally recognized pharmacopeia for use in animals, and more particularly in humans.
Further, a “pharmaceutically acceptable carrier” will generally be a non-toxic solid, semisolid

or liquud filler, diluent, encapsulating material or formulation awxliary of any type.

The term “carrier” refers to a diluent, adjuvant, excipient, or vehicle with which the
therapeutic i1s administered. Such pharmaceutical carriers can be sterile liquids, such as water
and oils, including those of petroleum, animal, vegetable or synthetic origin, such as peanut
oil, soybean oil, mineral oil, sesame oil and the like. Water is a preferred carrier when the
pharmaceutical composition is administered intravenously. Saline solutions and aqueous
dextrose and glycerol solutions can also be emploved as liquid carriers, particularly for
injectable solutions. Suitable pharmaceutical excipients include starch, glucose, lactose,
sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium stearate, glycerol monostearate,
tale, sodium chloride, dried skim milk, glycerol, propylene, glycol, water, ethanol and the like.
The composition, if desired, can also contain minor amounts of wetting or emulsifying agents,
or pH buffering agents such as acetates, citrates or phosphates. Antibacterial agents such as
benzyl alcchol or methyl parabens; antioxidants such as ascorbic acid or sodium bisulfite;
chelating agents such as ethylenediaminetetraacetic acid; and agents for the adjustment of
tonicity such as sodium chloride or dextrose are also envisioned. These compositions can take
the form of solutions, suspensions, emulsion, tablets, pills, capsules, powders, sustained-
release formulations and the like. The composition can be formulated as a suppository, with
traditional binders and carriers such as triglycerides. Oral formulation can include standard
carriers such as pharmaceutical grades of mannitol, lactose, starch, magnesium stearate,
sodium saccharine, cellulose, magnesium carbonate, etc. Examples of suitable
pharmaceutical carriers are described in Remington's Pharmaceutical Sciences by E. W,
Martin, incorporated herein by reference. Such compositions will contain a therapeutically
effective amount of the antigen-binding polypeptide, preferably 1o purified form, together
with a suitable amount of carrier so as to provide the form for proper administration to the

patient. The formulation should suit the mode of administration. The parental preparation
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can be enclosed in ampoules, disposable syringes or multiple dose vials made of glass or

plastic.

In an embodiment, the composition is formulated in accordance with routine procedures as a
pharmaceutical composition adapted for intravenous administration to human beings.
Typically, compositions for intravenous administration are solutions in sterile isotonic
aqueous buffer. Where necessary, the coraposition may also include a solubilizing agent and
a local anesthetic such as lighocaine to ease pain at the site of the injection. Generally, the
ingredients are supplied either separately or mixed together in unit dosage form, for example,
as a dry Iyophilized powder or water free concentrate in a hermetically sealed contatner such
as an ampoule or sachette indicating the quantity of active agent. Where the composition i
to be administered by infusion, it can be dispensed with an infusion bottle containing sterile
pharmaceutical grade water or saline. Where the composition is administered by injection, an
ampoule of sterile water for injection or saling can be provided so that the ingredients may be

mixed prior to administration.

The compounds of the disclosure can be formulated as neutral or salt forms. Pharmaceutically
acceptable salts include those formed with anions such as those derived from hydrochloric,
phosphoric, acetic, oxalic, tartaric acids, etc., and those formed with cations such as those
derived from sodium, potassium, ammonium, calcium, ferric hydroxides, isopropylamine,

triethylamine, 2-ethylamino ethanol, histidine, procaine, etc.

EXAMPLES

Example 1: Selection, characterization and optimization of [}-18R alpha and beta

antibodies

By panuning against purified, Fe-tagged versions of etther the human IL-18Ra or R receptors
(R&D} in vitro, this example tsolated high affinity antibody binders to each receptor.
Specifically, receptor-binding Fab-phage clones to each were sequenced, converted to IgG
and evaluated for apparent affinity, cell binding and ability to inhibit functional 1L-18

signaling.

Selections against the human IL-18Ra ECD Fe fusion (816-LR-100; R&D Systems) yielded

12 unique receptor-binding Fab sequences {Fable 1), whereas selections against the IL-18Rj

46



WO 2019/242655

PCT/CN2019/091936

ECD Fc fusion (118-AP-100, R&D Systerus) yielded 21 unique sequences (Table 2). The

CDR-encoding regions of Fab-phage clones were sub-cloned into expression constructs for

expression and purification of Fab protein.

Table 1. CDRs in [L-18Ra-binding Fab sequences

Fabib CORL3 LRRHY CORHZ CORHS
e TN EE MY NP I e
W e B O 2 S0 e MY W e u’aabh.-‘ma&c‘.i-Pwv-:-r’-’w(\iNNN(’iNP’)'qmmh
CESERCARCEEE DESBUENES BERESUNTISE RRERECTCLIEECESERTTEER
By QB&YY-» -+ SR FT QFNITYYEEM S I8SYYFIETY ARR -+ v~ v v v 20w v wn AFDY
F2 ORQAYA-»---%PFT GFRIYYSHI S ISPEYESTE ARG -+« o7 oo+ RFEPY
F3 QYR W« ~-8PFT SFHIYYSEM BSISHESYSETY ARG o v v & wmuwsvaan- AROY
F& QQAYY- o ¥PFT GFRISSE8M SIBPEYSESTY ARG v v~ v v v o n cv e v AREDY
P8 GRQYY--~- -HFFT GFNLEBES! BISFYYBESTY ARG - -+« v e o v v vnao o AMOY
F? Qavs- ~BPFY SFRIVYSESE] BISPEYSSTE ARS . . - AFOY
FE QQYY:-+ - HPFT CFNISSSAM BISPYYGRETY ARV - « o s o v v« v 2w &5« ARDY
Fg GQYa& - SEPFTY BFRUBSBIES!T BIBSFYYRBTY ARG - » v« S I AT AROY
Fit QY F .- - HMPFFT GFNLEYSSM SI1S8PEYEETY ARG - v« v wiv v & i v v v o GLRY
Fii GQGFF - - - HFi1T GFRIYYSEM BIYEYYSBTE ARYYHEYWCGESVYBACESSAWOFOY
FiZ DA ¥ -+ v ~HPFT GFRISESS ] SISPETESTY ARG- v v nr cov v n s s v v o= AFDY
P12 Q@AG- - --¥Y§IT CFHNFIEESEL YISSEYYEHSTE ARSVVYSYW--- -¥GQWYSEDY
Table 2. CDRs in {1~18RB-binding Fab sequences
Fab ID CDRL3 CDRH1 CDRH2 CDRH3
e Bl b
LESTZ2TRIELEY Loooweorne nenooNmYwe CobbOcerroooNPILE:
T T T T T T T T T NN T™m MY D MY W DD WD T T T T T T T T T T T T TT T4 T T T T
F313 QRYGYHYAGLIT GFNLYYSSM SIYSSYGYTY ARSSFSHG--YGWYGLDY
F3132 QQHWWABVPPFT GFRNISYYY! SEIYSYSBSGYTS8 ARASB - = « = =« =« =« o« - AMDY
F333 QQAHYW--GYLIT GFHLEYYS! SIYSSYGYTS ARSY -~ «nno-ono-- GLDY
F3134 QGHHW - -SYPJIT GFHNIYSYS! BIYPBYGYTS ARSF - -« -« ... GLODY
F3135 QQHBH-WAVLIT GFNFYSYSM YIYPYSGYTS ARSF- - -+« - -« AMDY
F3136 QQH YW - - GGP T GFNISSYSM S}IYSYYSYTS ARSY- -« AMDY
F3M37 QQSWG-WSWLIT GSGFNLSSYS! YIYPRSYGSTY ARSY - === =---- ALDY
F3138 QQHSF-HSGLIT GFHNLYSYSM YIYSYSGYTS ARGF - « -« ««wa.. ALDY
FI38 QGQSHEGWWGFPFEFT GFHISSYS! SEYPYYGYTY ARSBW - - - -« -« - -« AMODY
F3140 QQYYW-ASYPRPFT GFNFYSYSM SIY¥YPSYGYTS ARSF- -« -« GFDY
F3i41 QEYYY-SAALIT GFNIYYSSM YIYPYSGYTS ARYF - - - -« .- AMDY
F3142 QQWWGGP YV LIT GFNLSYSSM S5IYPSSSSTY ARSSHSESHG--YYFYGIDY
F3143 QO YHWGSYYPFT GFNLSSYYM SIYRYYGEGYTY ARSS .-« « v« v AMDY
F3144 QQHWW -G YP LI T GFHNLSYYS! SIYSYSGYTS ARSS - -=--==---- AMDY
F345 QGOQHYYGSFPPIT GFHRFYSYSM SIYSYYGYTS ARSF - -~ -« s GMDY
F347 QGQHWW .- - AALIT GFHLESYS! YIYSBBYGYTS ARSF - 22222 GMDY
F3148 QGQHYY - -88SLIT GFNIYSYSM S!IYPYYSSTY ARSS - - - - -« - -« AMDY
FI150 QOHSW - -AVPIT GFNLSSYSM SIYPYYGYTSE ARSESS - v v v vvorvovo AFDY
F3152 QQHBY-8APLIT GFNIYSYSM SIYPSYSYTS ARSY---------- AMDY
FA3 QA8 Y- .- -FLIT GFNLYSSY! SIYSSSCGYTY ARSVHBYYSSAAYYAMDY
FESO QGEYPSASHYLIT GFHNLYYYYM SIYSYYGYTS ARSYPSS--SWGESVALDY
IMMAMI-I GQYAYHEPGLLT GFNPYYSSi B8IB85PSYSSTY ARSSCSHS - -CRFYGLDY
MIM-AMI-2 QQWGBYRYAPLYVT GFNFYYSS! 51 SSATEGHNTS ARSSYSHG- -HSWYGLDY
3M44-AMT-3 QG QHBWA - YPMIT GFNLTWWS! TIFSGFESYTSE ARS8 .-« « v v v v AMDY
MMAMI A QQHWF G- YPAVYT GFNISQYT! SIYARSRETS ARSS - --- === = RMDY
S144-AMI-5S QQHWW G - YPMI T GFRNISYYT! SIEYBYSLYTS ARSS - - -« nn s nn - AMDY
M4M4-AMIBAGHESWR-YPLIT GFHLESYS! AIYAGFGSTT ARSS - - = o« n 2 an = = AMODY

The amino acid and nuclectide sequences of representative Fab fragments are provided in

Tables 3 and 4 below.

Table 3. [L-183Ra-binding Fab sequences
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Name (SEQ ID NG: )

Seguence

Fab 12 Heavy chain
nucleotide sequence
(SEQ ID NG44

GAGGTTCAGCTGETGEAGTCTSGCEETEGECCTGETGIA GGGITCACTCCGTTTG
PO ?“7"—\(—?("7"-"""1’”'S‘C'“’.’Fhr\» + T CC AT GAGTaC AT CAGGEC
_,TLJ‘G/-AT(J‘G-;:T; GCATCTATTTC TATAGCTCOTACTTATTAT

CCGTTTCACTATAR ACATCCARAMACATAG "‘Cm AC

Ay
CECEETEC

GTCCA

HeULeIPTe

TTT 'c(_/“-\,CT}S"

Y PRI tE
1 CEETT

TGGE

~ ~f~r,r~TG(

(PR LS

AT AT C O GAA AT AGECGO OO
ACTAL 1' ACCGTE Gl AACTCAGGECELCCTG
ACC R o~ o
CACA CTACTCCCTCAGT

CTGOANL

CUAGACCTACA GTGARN

CAGCCCAAATCTTETCACAAMN

un;iC 7‘\} €]

Fab 12 Heavy chain
amino acid sequence
(SEQ D NO:42)

SLRLECAAS

53 THWY ’RQKP I{GLEUY‘V’AQ
£ NT ’

DRVRGES
FPLAESS

TVE3SS I_KGT .

; N
Y Lw\ h

BSGLYSLSSVY

Fab 12 Light chain
nucleotide sequence
(SEQ 1D NO43)

P -

GATATCCAGATGA
ATCAC TG oo
GAAMAAGCTCT
oo

-~ TOEOR

GAAGAC CGCAAD

COCH

e

RO "C"" CTCOCEGToeEle G CCATAGGETCACC
ZGCECTETAGCCTGEETATCAATAGARA
GCCTCTACTCTGGAGTCCCTTO
N \P' ATCAGCAGT \P' 50
_:TdGCfu CCETTCACGTT CGGACAGEET
CACCATCTGTCTTCATE
200 'T"‘Tf '"T’"T SEGCOTEC
[ty T\T(

A,ﬁlﬁrchr “‘l_\f,\,f.)t"“-\”"‘

ACCA

Heelee

CGGGACGGA

PO GETA

AGCCE
TTACTGTCAGCAN 5

T CAMACGARL

AGAGAGGLCARAGTA
e e

D\ hL:er,hL

DO,

Fab 12 Light chain
amine acid sequence
{(SEQ D NO:44)

ST TTORAS ,\,( &SH"I’}—‘";'\.-'YO’

EDF? :Y‘”*

CLESGTASVVOLL
DYRERHKVYACE

Table 4. IL-18RB-binding Fab sequences

Name (SEQ ID NG: )

Seguence

Fab 3131 Heavy chain
nucleotide sequence
(SEGQ I NOGD

[ PPy
GTGCAGTC] (-:\:\1\:\

TCCTETGCAGITTC

\_;—'TL,}ML\ACL I T_/\,TT
: rJ'

CRABGEE
CABGE!

TPCTCECH

CUPVTR e
GETC [

STETCC CTTCCCECTGECATCCTEOTCCARGAGT
ACCTCTA r_’,\)b ‘__»-\_'\ ,f k_—r“ COTEEG 11(-7"“7“'7 GTCAAGGACTACTTCCCCEAACTGETG
ACGETETCETS VCTCAGGCGCCUTEACCAL Lc'a‘u";TpC;;_uz\xCC TOCCHEITETCITA
CA nTCAGGACTr A(—“Tr’\ CTCAGCAGIGTGEETGACT ‘—Tr AGCTTGGGC

ACCORGH

LA

CUMCUR R
TCGACAAGRAN

Fab 3131 Heavy chain
aming acid sequence
(SEQ I NG:2

'GGSLRLBCAASGINLYYSSMHE

JASTIYSS T

AL AYLOMNSLRARDTAVYYC D {'V”C”"’I‘
V3gs STEGETAALGCLVEDY E"“’T‘v \E“J‘ GALTSGVE FPn\/L
[BRST TYICNVNEEE VORRKVEPKSCDETHT

Fab 3131 Light chain

BTEACCOR

G

A’ ‘¢ 7\!,\,
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nucleotide sequence
{(SEQ D NO:3)

’c7‘\L waC/"f

N 7y

CALCE I.’ C?-\.‘l‘!.',‘
TCTY 'T GT ,T”CCTG’CTGAAT

SCCOTOCAR

e e
HA-RN-

I'IJ'II']_\\'L'\
oo
sl

€} CTACAGCC
AAGTCTACGCITGCGAAGTCALC

COTEET GO

Reude

ALl

Fab 3131 Light chain
amino acid sequence
(SEQ D NO4)

TLTLIRADYE

Fab 3132 Heavy chain
nucleotide sequence
(SEQ ID NO:S)

AT

CTCOTOUAAL
OSRGOrEvY

TT4QCCquxCCGf Tg‘f\\,f

e e
COTCA
TS e es gy e~

TTGGGCACCCAGACC

CAAGAARGTTGAGCCIAR

GGESLRLBCAASGINISYYY ITHWVROAPGRGLEWY

YLOMNSLRAEDTAVYYCARASAMIYWG

LGCLV' {DYFPEPVITVEWNSGALT 3 GVH]
SNTKVDE

VEPKSCDKTHT

)-Z

Fab 3132 Heavy chain
aming acid sequence
(SEQ I NO6)

(12}

i~

GTEGECEATAGGETCACC
g ’\rVJ .’T’“ CAGCCOTGETATCAATAGARACT
GCCTCTACTCTGGAGT
O r.J'lfw;_\.f nr\ﬁTp

Fab 3132 Light chain | GATATCCAGATGA
nucleotide sequence f‘ '1’“2@’0’0’ Retleelien
(SEQ ID NO:7) GEARRAGCTCT

CGOTTCTCTGEET A
GAAGAC 'G,\z‘u
TT“”“"FMﬁ(" STACCAI 7—‘; GTG'%}—;\: TOAAAC
TTCOCECCATOTGATT CARATOTES

I\—TILTCC(;}\L\JJ WEAGGEC { g £ ‘ \::CC“T"CF\]{JLL

,~LJL{’H~.—J—M~T

Sletelele

CCGGEACGEGAT

TACTGTCAGCARCATTS

CAGCCE
TTCACT

~
]

"Q:‘vo

SASSLYS LJ"P

Fab 3132 Light chain
amino acid sequence
(SEQ I NOg)

KVYACEVTHQG!

Fab 3144 Heavy chain
nuclectide sequence L S
(SEQ ID NO:9) %@J‘“*“%‘»‘JG‘J

TCAACCT
v"TG#J\mG SGTTGCATCTAT
AAGGGCOETTTCACTAT

TAAGAGCTGAGGACACTEEC

J_;‘,T’\Tz T CTTAT
TOOARALL
TATT’c

e

AAGCH

CORTC

'JG#T&C CTH

CCCCTEGCACCOTCOTCUAN

LAGS

CAAGGACTACTTZOCCGAACCGETGALT

CGTGCACACCTTCCCGGITETCCTACAL

CCETGCCCT "‘ixf;x, SCACC CETG
CARCACCAR G CAAR

LRL3CARS
DT SENTAYLOMN S LRAEDT

Fab 3144 Heavy chain | BVQLV
amino acid sequence :

VYYCARS SAMDYWGQGTLVT
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"’l"\" SWNSGALTSGEV

K3 CDETHT

AVLOSIGLYSL

(SEQ 1D NO'10)

N T AT e e Y

CCCAGTCOCH

CCCTETCCECCTC

CGCTGTAGCCTGEETA

COAGCOTCTACTC

GTEGGECEATAGGETCACT

A

Fab 3144 Light chain SAGCTE
nuclectide sequence

(SEQ ID NO:11)

7

v

CAGARAL
CODTTO

G v‘aG"C

.'f—\’l’CAC»’“’l’ &C ’1

~erer GOOToo

S LiTe

ALGC

Fab 3144 Light chain .
amino acid sequence J;f; HEbL o e :: GYEL
(SEQ D NOlz) : . % { _,LJ NFF??HF\\’ WEN JNAL

SN

TTG
GTCAGGECC

AT

‘(\l.[‘(‘l A//[ik A r/[-\.\j‘L] \\‘. i

TATCCACTEGGT S

’I"T o \’L_pTAr e
7

Y YN:Yer:

GCTGETGEA
TL"TGTG AGCTTOTGS

Fab A3 Heavy chain
mucleotide sequence
{(SEQ D NO:13)

TN YT R
CARGCCTAL

CCK‘""TTC/’\ ;TS
BAGAGCTGAGGA
SOTTAL I‘ACL‘C‘ PATIGGAL
TTCCACCAAGG

fetetetes ';L’L(,Hf;c‘ﬁﬁp Ck\fﬁrﬂf"f‘k\fﬁrﬂ(“\l

GOTe

PG

R ot
ZVACCCTE

~
1&]

SCAGCETGEGETE '—xr’nh
AT CACAAGCCCAGC

e T TR T
VACTCACACATAL

Fab A3 Heavy chain
amino acid sequence
(SEQ D NO:14)

) GQGTL
DYF;JEP\/'TVSWI\T SGALTSGVHTERA
KV LRKY

TSLESVWTY

A e
CGECC

TOGAGCT OO
i Lo\s

NG T GECCATAGGETCACC
GTCCAGCEUTETA f’Cin.,. ATCARCAGARRARACCA

COAGCOTOTACTOTGGAL

Fab A3 Light chain
mucleotide sequence
{(SEQ D NO:13)

(—«(—.G,.

GACCATCAG
GCARACZT
GGAGATCANS

I ALy,
GARAGAC
ACCARAGE

GATTCAC

TIOGGAL VAGQUA

SEften sy ot
GOACC

TCT ""T;TGTGCCTF C
[CTCCAAT (,

Ciluﬁ}l AGTCTAC

RO AL 7
ST CAACAGE rﬁur‘v!

L;GC?AJA
AOOTe:

I
TACAALG

ASNVGDRVTITCRASQ

Fab A3 Light chain

amino acid sequence PLTLSSLQPEDEATYY - ERs

(SEQ ID NO-16) VDN ALOS G SOESVTEDE KDSTY 4T3 S TLTL

REAL AL L AR 35 PYTRSERRGECCESD DK
GURGCCRGGEERCTCACTCCTTIG

Fab AMI1-1 Heavy
chain nucleotide
sequence (SEQ 1D
NG 1T

N FueNTIT

SCAGCTT

e e e
GGETAAGG

TGEGEET GC’lT CAGGCC

3 /'wll‘lrvrj e
7

1~ 7 AT AN R T R, o
T CCARALACACAGCCTAC

~1
A

s T T o
'\JL\_'JI‘,\.J.J\AC\.;(JA.L/\I\(J

CTATAS
PO
GTCTCCTCGGEC

SEGGEECALAGTGEC

TOCATCGR
LUV RO |

R AT
CCACCAAGGS

s O £ e

COCTRGECTT

AG

CCOTCAL JH\:'\/:TCV\:'T(J CCG

ACGETETCETEGEARCT

CAGTCOTCAGEACTCTAC
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B ’RQK P CRGLEWVASTE
RCREYGLOYWGES

Fab AMI-1 Heavy EVOLVESGGELVOPGE
chain amiro acid ADSVREGRE

v Cfl::—'\xs —‘\AP(:S S olais N A =
sequence (SEQ 1D o oo ‘ - K . STAt L,{
NO-18) GSBGLYSLSSVVEVPSSSLOTOTY TONVD

MEGALTRGY

1%
KSCRRTHT

Iz
Ve
N

SNTHEVDKEVE

OO

l['\.\/ oA

e mc COCGAGETC

COGTY ~
CCETETCC

GUEGGOEATAGE

Fab AM1-1 Light GREA
chain nucleotide ATCALLTGOLETEUOAL
sequence (SEQ D g B g ol
8 A h

. ) CECTTOTCTGETAGCOETTCOGE
NO:19) ACTT?
TCTTATTCTCIGATCASGT
GUACCATCTGTCTTC
oy
A

G"“ .l‘;.
CAG ‘L‘, CTCTA
r«tn'.‘rj-““-[‘f'/")k‘/“ \,/[3\ A '“J-r “C L
ATACG "‘TTAC CATGHAGCC!
TC "L:L' AGG 1.‘:‘.‘»“«(‘( ,JL\
SATTO

CAG

[y

TOTOTECOT
Wl L

A

7 ‘e
ACGC

CVR I T
3o f 1 CAC 3z ’\r,n GC

L

ACTTACAGT TANAGTC
TACGCCTECGAAGT CAACAGE
GGAGAGTGETGETGE

Fab AM1-1 Light LIOMTY
chain gnuno acid
i{egu;g;:e G + EREEVYACEVIHOGL », THIFNR DfI«.uDD:,,.K—

SLYSGVES
VARPSVETL

AYRE Po LLT .“”‘ QGTR

RN

Y

CEGETGCAGCCAGGHAGLTCACTCCETTTG
TOTTCGATTCA To”wb'" CETCAGGCC

GGAAATACTT

Fab AMI-2 Heavy ;;‘ _‘ ""G’C‘ P CEAGTOTGGOGE
chain nucleotide TCTGGCTTCAL
sequence (SEQ 1D

NG2ZL

A

7
;T‘._,zn WGGEECO
A reseiyn

GAACAGTT HﬁL:L‘. rC
TCTTACTCTCATGEETOAT

ACCGTITCCTIGG CTTCCCCT
HG“"—;C”’I““1‘f1\aL=n"“f’ﬁs.CA GCCTGETCAAGGA

CCAGCEGEL ‘;T;\_,z{

T SACCETG CCA

CAGCARC ’w,'\,/‘;\f_-‘r.‘

~ i
GTEACGETS

TiT?l\""’

ACOTTOCCC .
£ T*w\_\_abw (Y

CAGCTTGE

CGACAAG

GAGCCCAAATCTTGET

Fab AMI1-2 Heavy

chain amino acid YADSVRERFTIZA 7 LOMNS SYYCRREETS |
sequence (SEQ 1D TVSSASTEGPS f?PLnI’sS' ST5GGTAALGCLVEDYFPEPVTVE] 21T
nce (S

LV OWE
. SEVYTVEPIISLETQTYI CNVNHKP SNTKVD
NO22) 5

KEVEPRSCDETH

LVCCCAGTCCCCEAGCTLECTETECELCTC GT:‘;;&GCGATT-\GGF—‘TU\Q(

T A GO T GG T A T CAAC A GARA R
LAY Ll PATRURUN . X & .
CCAGCQT !.“'I"'-\".‘l‘!.', CCorEeT
CATTCTCEACCATT ‘GUAGCCE

GEEETTACCGETACGCACCCCT I CAOG

Fab AM1-2 Light GATATCCAGAT
chain nucleotide ATCACCTGOCETGCCAGT CART CCGTETCCR
sequence (SEQ 1D GCTCLG

NO?,‘Z) —'—l\/T(vTG\JT[-\A

£ el ~Tm

GAAGAT CGUan ":“)1‘(
TTCHEEACAGGETACCAAGETS
GCCATCTEATTCAL
SPAT OO

DT TN T ~~n
GEAGAGTETCACAGAGCAL

GAGATCAAAMCCAACTETGGCTGCACCATCTS

GTTGEARRTCTGGAAT

GGCCALAGT

U T s
ALGCAGT

4 “‘1‘f’“ oo
Co

o~

PELLIYSASSLYSGVES
FVEIKRTVAAPSVEL
EQLSKDSTY3ILSE

Fab AM1-2 Light BIGMTS TTTCRAS SV ESAVA

chain amine acid RFSGERSGTDFTLTT &3 LOPENFATY YCOOWETR
DESNg K5G TM‘ ACLINNFYPREAKVOWKY

sequence (SEQ 1D FPESDSOLESGTASVVCLINNEYEREAKVLFEY

NO:24)

CACTCCGTTTG
”’I"“’“”,G‘ SPCTR

CTATTTTTT
TAAGCGUAG

GETGGECCTGEET GO AGCLA =G

Fab AM1-3 Heavy GAGGTTCAGC

chain mucleotide TooTeE
CERCTGEETGCETCAGELCCCGES

sequence (SEQ 1D TCCACTGEGTGCETC c

CTUEETTTTTCCTATACTTCTTATGEC

COOTTER
GOTTC
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R A AR A A OO AT A A RAT
TETC ‘/\T‘._,':;L'L CTTCTGCTATGEAL

:CTC“

TACRETC

NO23)

i
‘J,AL:\ GECCOTE

ACTICAGGCE

Gierelolere:
JCCCCGA

AGT R A T GO T AL
CCTAL TCOTGCAACGTGAN CARGCCOAGCAAL

TT GAC ' Cf AATCTTETCACAAAACT CACACATAS

LIRS

Fab AM1-3 Heavy ENQLVESGEGLVOPGE
chain anuno acid YADSVKGRETIBADTSKNTY

[adalaalri} CIONT Y
T3GGETAALGCLY

sequence (SEQ ID GF: F)LM;S
NO:26) o

VL

letel]
PR RRCICH

sGTCACC
L’i AACCA
COTTOT

TGCAGE

Fab AM1-3 Light cC

chain nucleotide TGTA
sequence (SEQ ID fm‘w\fa CTCCGAAGCTT CTGATTTACT GG "";c/*\ .5 » QTkT ‘{;T\_ T

NO:27)

G

TGP AT

GEETACCAMGETS
1ﬁ~4‘a111hrjl AT

TTCT}‘;TC CCAL

..:_u').‘l\\_T{ T sGCT
AR CTEOOT
"K.ALJ;TGG}

COAAGEACAGTA

/\\.,“7\ T/\ T3T

(_vx =)
GUTGTEToo

Ty N YT : TR P
AACGCCCTOCAATIGEETAAC
CAGCOTOAGCR!

TR Ul lAl
COUCTGCaEAR

7

GAGAGTETGETS

‘GCC

ATGACGATGACALAATAR

3¢
]

LYSASBLYSEVES
RTVARPSVEIF
DBKDETYS

Fab AMI-3 Light oT
chain amino ackd RFSGSRSGTOF
seguence (SEQ 1D PESDS
NO2E) L

AYEMITFEOGTRVE
X

SETGCAGCCAGGEGECTCAC

Fab AM1-4 Heavy
chain nucleotide

sequence (SEQ 1D e
NO:29) o

CiCiG’*(:r’"PJAGb

CAAGEGTO

TTAAGA G(

CTACARAATGAMACAS

ST N

SACTA chricﬂ

CTGGEE
SETG
COTCAGE

o~ k‘ Ry T,

CTTCCo0r 'I""‘C“A'"’CC 11,—1.\; AL
GGUTGECCTEE L}‘J‘xLJG WCTACTTCCCCGAACCGETGAL!
,lmhcﬁL\(_’ L;"“”TJ‘G"T' \CACH \11111r~~4 AR

SETGCCETCC

C(.C(

OGO ETC ~ NCT\P'

TGGEGCAZCCALA xCCT}\‘J‘M 3 CETGE
CAC C:Ae AGARLGTTEAGCCIARAA CAAR

Fab AM1-4 Heavy
chain amino acid ADS
sequence (SEQ ID
NO:30)

SGLVE GESLRLOCARSGINISQVTIR
<ETISADTS e YLQMNSLRAEDTAVYYC

)-Z

(12}

i~

Fab AM1-4 Light GAIATCCAGATGACCT!
chain nucleotide C JTLC‘
sequence (SEQ 1D
NG:31)

A e P
,"-'rlG e (RGGEGETCALC

T :, [0
GGA TCiCiAG(v‘.;
> n '.“T““F /"}k‘/‘ '\\. 11\,/[1\ \.
QKJATACCLn CGETA VT'“”‘
A;ﬁ(?‘l‘ - I’GCA

ALTGCOTE

('3

TOTGATTTACTCEG

c:"*,r*" LCGEAT

R TaTad

GCC!

-CATL_~T : CLCLn
AATARCTTC T‘TCL

’\T' ~<f\,~111n VO

v e

TACAGCCTCAGCAGCALCT

T R G A
CCTGEOG

RONNE AL S

Fab AMI-4 Light DIOMTL! POKAPKLLIYSASSLYSGEVES

chain anino acid RESGIRIE ’I‘l‘l‘l’ooh- : COOHWEGY PAVTFGOGTRVE
PPEDSQLKAGTASVYCLLY
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SHADYBEEARKVYACEN LS SPVTKSFNRGECEE3D? LEDK

sequence (SEQ 1D
NO:32)

Fab AM1-5 Heavy GAGGTTCAGCTGGTGEAGTCTE
chain nu.cieoude TCCTEIGUAGCTTETOGUTTCAAL

sequence (SEQ 1D CLTGEAATGEETIGON
NG:33)

STGGCCTGETGIAGCCAGGEGGITCACTCCGTTTG

; ATACTATCS 1 S ,L-“”MT CAGGCE

GTCAANGGGUS

-\,AndG/J{L,Q(_TGf TC/Y‘\C_,JTCT( CTCGGE

7(;;:\ m‘T

Ah (:.L

A C CiAu C C

COTGETGACCET G

P Tats o
*-‘rCHk -

AAGCCD v T g
AAGCCCAGCAACACC

Fab AMI-5 Heavy

chain amino acid

sequence (SEQ 1D
O:34)

DYWGQGTLY

W TR PR BT A AT ()
GAUTSCVRTRFPAYVL )]

VO
VY Y CA

VIWNS

’FT_ SADRTS I’I\ '"“\fﬂ_ g

Fab AMI1-3 Light

chain nucleotide ATCACCTGICETES Toch
~ v‘"'Gf.\/’.\’W‘ GCTC v;LJ/\/\( TOTEATTTACTCC TOCAGZCCTOTAS
Sequf’nce (SEQ D - i ? A S LA AT L AL “_
'C’I‘C)l‘GG’IAf.—“f G f’C"nt‘HCGGA‘l TCTGR ’””I"“L( o,
NO:35 BOTETCAC
GGAGATCAA Jic»’w
TGAANTY 'L:‘G"m\ ’I""‘f”

‘f\T oo CEOTOTAGCOT

-G

e laaral 7 el aral
=C - =,

GAGCTT

.
GAT

PRLLIYBARISLY!
STEVEIRRTVAAPS ‘f-_'I ”
VTEQDSRDSTYSL3ST

CGGSDKE{DDDLE

Fab AM1-5 Light D1
chain amino acid R

sequence {(SEQ ID PRSLSOL
NO:36)

T ‘1‘f RA 1-’}3\/

YE’?H/VY}\AC S ’TE{QG SEEY

~ere

CTEECEE

A

Sppp———p—— ey B
TEETGUAGCCAGGEGGE CGTTTG

\TCCACTG

GETTTCGE!

AC

TGCETCAG:

Fab AMI1-6 Heavy
chain mucleotide

SECTTCALCCTE C F'”':
TAAl CTGGAR TECATCTGC VT
sequence (%LQ i3] GGCCCTGGARTGGETTECATCTGCAATTTAT

o ; 3 ¢ AL
N( 37\; i A - W) (o). ...'\ o x.{\.,f Bl
: B CAGCT Tzuxb’\-ad* GAGGACACT

e SRR o g
MAGCGTAGACTACATCCAAA

CeE _,T}\A;'T}l T

el “11(,A.\~Cr~,l1prjx wﬂr

TCAAGEAAL

CTTCCCCOTERCACCOTC
CCTGETCAAGGACTACTTLCCCEAACTGE
- -‘GC‘G? CETGCACATE,

ST xnrjl_»\‘f~L\r—rjx "’T‘,‘CA(;“-'

v SNy R v e
GCTTGEGCACCCAGALC

-ermie
GACCETGECCT

PGl

CAAGARMAGTTGAG

k,.L.l. SCARCALC

Fab AMI-6 Heavy EVOLVESGGGLYOPGES
chain amino acid ALTS P’N \

AT GRPSVIPLAPSSKSTRGE
scgumw (SEQID S YTVES ALY L
NG3%) - ST

GGECCATAGGETCACC
CARCAGAAACCA
.L.'._rCr"J'““T ACTOTEGAL
GACCATOAGCAGTC]
GCT
o f"_}ﬁ\ o

oS

Fab AMI-6 Light

chain nuclectide ATCACCTED
g GEARRAGCTCOGAAGT,

sequence (SEQ ID .‘r_w’j’*”' AFCLEAAC e

NO:39) GOTTCTCTGETAGCEGTTICGGG

GARAL JJ‘T;u G’CAH TATTAC Tbh

GOGACAGGETATCAR

CETGECCAGTIAGTL

CTGAT

GC‘}J

CCECCATCTGATTCACAGT TR L\’\T bec'l
TTCTATCCCAGAGAGGUCAAAGTATAGT GHAL

e YR NI R et o .
TCCCAGGAGAGTET CACAGAGUAGGACAGCA

oI A
CGE

GUAG L/?-\. [
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AAAAACATARACGTCTACGLICTGUGA

AT R T
GUTTCAACAGE

Fab AMI-6 Light
chain amino acid
sequence (SEQ 1D
NO40)

GQGTKY

1€ AL

GTAZY

LTLSKADYRKUEVYACEVT SLOSPVTESENRGRCGGIDYKDDREK

Example 2. Functional characterization of 1L-18R-binding antibodies

Evaluation of expressed and purified Fab protein in an IL-18&-dependent NF-xB cellular
fuciferase reporter assay inhibition of IL-18 induced luciferase signals > 60% 2 anti-IL-18Ra
Fabs (Fab 9 and 12} (FIG. 1A) and > 80 % by 7 anti-IL-18R{ Fabs (FIG. 1B). In light of the
sequence identity and high likelihood of similar epitopes, Fab CDR regions for five Fabs (1
anti-IL~-18Ra and 4 anti-IL-18R[) were sub-cloned in to IgG expression constructs,
transfected and expressed in 293F cells and then purified from the media to homogeneity
over a Sepharose A column. fn vitro binding of each IgG to receptor was then evaluated over
a range of concentrations revealing in all cases, ECso values in the low double-digit
nanomolar binding to [L-18Rf with virtually no binding to either negative control protein (Fo,
BSA) at all concentrations tested (FIG. 2, panel A). Additional estimation of binding affinity
by multi~-point competitive ELISA revealed affinities in the 100 nM and sub-100 oM range
{(FIG. 2, panel B). SPR analysis of the same Fabs confirmed these estimates and enabled the

determined of kinetics constants and equilibriurm binding affinity (Table 5).

Table 5, Fab kinetics of binding versus mouse and human {L-18R by surface plasmon

resonance (SPR)

. Musman recepior Mouse receplor
Target P ~§ ¥ D S I &, -1
Fab D Reospiar e {8 v} kaits7} Kp fndd} ¥ 878 &g08787) Kp {nd)
J13% ROTERR kel 418 12200 g2 12484 £220.5 8.2%
IR Bot8Rg
3184 H-18RY S8 58 £4.2 R 5 4 33x84% 2 x84 1282
A3 BT8R 2281 3RO 22 8% REx R ND
12 H-188¢ 11 £8.1 2.8 242 18 2 RD i 8O

To determine whether I2Gs bound unique or overlapping epitopes, binding experiments were

conducted using by pre-incubating IgGs with immobilized receptor to block epitopes, the
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testing Fab binding by co-incubation with IgG-blocked receptor. Results showed that Fab
clone FA3 was blocked only by its corresponding IgG (suggesting a unique epitope), whereas
the remaining three Fabs (F3131, F3132, F3144) could be blocked by any of the IgG
molecules (13131, 13132, [3144) except the A3 clone (corresponding to Fab FA3) (FIG. 2,

panel D), suggesting a shared or overlapping epitope.

Example 3. Cell binding of IL-18R-binding antibodies by fluorescence microscopy and

flow cytometry

To assess g binding to its target celiular receptor, HEK 293 cells were transiently
transfected with a construct encoding either full length IL~-18Ra or IL-18RJ and cultivated
for 24 hrs prior to 1gG labeling. Both untransfected cells and cells transiently transfected with
the receptor-GFP fusion were incubated with saturating concentrations of IL~-18R-binding
1g( (or an 1sotype control) before washing and fluorostaining with a Cy3-labeled secondary
antibody. After removal of the secondary antibody and fixation, cells were imaged by
fluorescence microscopy (FEG 3, panels A and B). Images obtained by staining with each
1gG of the anti-IL-18R antibodies revealed co-incident GFP expression (taken as
confirmation of receptor expression) and antibody staining that was not apparent in the
control IgG-stained cells. Similar analysis of GFP-expressing cells by flow cytometry
revealed a distinct population of [L-18R-expressing (based on GFP expression} cells that

stained positively with each of the IgGs and a positive commercially-sourced control.

HEK 293 cells transfected in the same manner for expression of individual receptors were
used to further test binding by flow cytometry. Cells expressing IL-18R~GFP fusions were
stained with saturating IgG concentrations (red histograms} and compared to receptor-
expressing cells stained with a non-receptor binding isotype control IgG (dark grey
histograms) or anti-human Alexa 488-labeled secondary antibody alone (blue histograms)
(FIG. 3, panels C and D). These results confirmed a significant shift in receptor-expressing
cells that was not apparent with either secondary antibody alone or with the isotype control.
Though controls IgGs targeting IL-18Ra and HL.-18R[, also exhibited respective binding to
cells expressing their cognate receptor, they also showed some binding to non-expressing
HEK?293 cells (pink histograms), despite the absence of binding of secondary alone controls

‘ereen histogram). Since these cells are not expected to express either of the IL-18 receptors,
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this may simply represent a stickiness to non-expressing cells evident in only one of our

antibodies to IL-18Rp (IgG 3132) and the single antibody to IL-18Ra (IgG A3).

To test cell binding to endogenously expressed IL-18R, macrophage-derived KG-1
myeloblast cells, known to express both 1L-18Rs, were similarly immuno-stained with each
IgG over a range of concentrations in comparison to a non-binding isotype control antibody
{this needs to be added in). Plots of the median fluorescence intensity of staining versus a
range of antibody concentrations revealed clear and saturable binding that enabled the fitting

of the vartous binding curves and estimation of ECses for cell binding (FIG. 4).

Example 4, Functional consequence of IL-18R IgG binding by phospho-western analysis

and IFN-y ELISA

To evaluate the functional consequences of anti-IL18RJ binding by IgG, IL-18-induced
phospho-signaling was first assessed in KG-1 cells for several downstream effectors of IL-
I8R activation including IKKa/IKKS, p38 MAPK and SAPK/INK using phosphospecific
antibodies in Western blots that quantify phosphorylation of specific residues within each
protein. Antibodies specific for their respective non-phosphorylated parent proteins were
also used to probe blots prepared from the same lysates for comparison as load controls (FIG.
4, panel A). Initially, KG-1 cells were incubated with saturating concentrations of IL-18R-
binding antibodies for 1 hr prior to stimulation. Cells were then stimulated with 1L-18
(10ng/mL, R&D Systems) for 24 hrs in the presence of antibody prior to collection of cell
lysates for Western blot analysis and compared with cells in the absence of antibody and cells
incubated with antibody but not stimulated with IL-18. Following stimulation, cell lysates
were collected on ice and separated by SDS-PAGE before transfer to a solid PVDF support.
Transferred proteins were probed separately with antibodies to rabbit anti-human p-IKKao/
{Ser176/180)#2078; Cell Signaling), p-p38 MAPK (Thr180/Tyr182) (#4631, Cell Signaling),
or phospho p44/42 MAPK (Thr202/Tyr204) (#4370, Cell Signaling) monoclonal antibodies
developing with an anti-rabbit-HRP fusion secondary anttbody (#7074, Cell Signaling) and

enhanced chemi-luminescence reagent (ECL; #34095, Thermo).

Intensity results from both were quantified by densitometry to calculate the ratio of
phosphorylated to non-phosphorylated protein, normalized to no antibody, no-1L.-18 controls

and ratios plotted versus the antibody treatment with or without IL-18 stimulation. Results
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show IL-18-induced phosphorylation of IKKa/f, p38 MAPK and SAPK/INK that could be
inhibited by pre-incubation with any of the four anti-IL-18Rf antibodies such that phospho-
signal were virtually indistinguishable from no IL-18 controls, suggesting potent inhibition

(FIG. 4, panels B-D).

To corroborate these results, secretion of IFN-y was additionally used as a phenotypic readout
to assess activity and quantified from cell supernatants by ELISA. KG-1 cells or isolated
PBMCs were incubated with a range of concentrations of anti-IL-18RJ Ig(, then stimulated
with 10 ng/mL TL-18 for 24 hours. Quantification of secreted IFN-y revealed for each
antibody tested revealed a similar dose-dependent reduction in secreted IFN-y in both KG-1
cells and 1solated PBMCs to approximately 50% of maximal at a range of ~0.5-2 uM for
fgGs 3131, 3132 and 3144 and ~4-6 uM 1gG A3 (lesser activity corresponding to its lesser
atfinity), in KG-1 cells (FIG. 4, panel E). Similar results were obtained in PBMCs, in which
{g(Gs 3131, 3132 and 3144 inhibited ~50% of maximal signals at ~0.5-2 uM with
substanttally higher levels of IgG A3 required for similar inhibition (FI1G. 4, panel F).
Additionally, anti~-HL~18Ru-binding IgG 12 was shown to possess similar potency to the Ii-

18R B-binding antibodies, inhibiting ~50% of IFN-y secreted at ~1 uM IgG in PBMCs.

Example 5. Structural characterization of the anti-1l-18Ro/1L-18R} complex

To glean additional insight into how the anti-IL-18R3-binding Fab 3131 inhibited the non-
ligand-binding receptor component of the IL-18R, crystallographic studies were undertaken
to structurally characterize the interactions between the scFv format of Fab 3131 and the
extracellular domain (ECD) of receptor IL-18Rf. IL-18R[3 was expressed as an N-terminal
HisX6 tag fusion from baculovirus expression vector pFastBac Dual in High Five insect cells.
scFv format of 3131 was constructed from Fab 3131 by fusion of VH and VL with a linker of
17 amino acids. scFv 3131 was expressed in £. coli as an N-terminal HisX6 tag fusion
protein and purified to homogeneity using a TALON® Metal Affinity Resin. The ECD of TL.-
18R receptor was purified to homogeneity using a TALON® Metal Affinity Resin and
mixed 1:2 molar ratic with purified scFv 3131, the mixture was then ioaded onto size
exclusion chromatography column for purification of complex (FIG. 5). The complex was
concentrated to 10 mg/mL before screening for crystals with a battery of crystallization suites.

Ultimately crystals were generated from a buffer comprised of 0.2 M Ammonium iodide and
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20% (wiv) PEG 3350 and isolated crystals were stored in cryosolution n liquid N2 prior to

X-ray diffraction.

X-ray diffraction data were collected at the Shanghai Synchrotron Radiation Facility (SSRF)
with a resolution of 3.3 A. The crystal belonged to P31 with the unit cell a=163.160,

b=163.160, c= 64.145, = 90°, B=90°, y=120".

A refined model revealed a novel mode of non-competitive antagonism in which the antibody
binds to the face opposite the ligand binding site, locking the receptor into a non-functional
conformation in which the geometry of the ligand-biding site 15 disrupted (FIG. 6). These
results provide mechanistic insight into the mode of antagonism of signaling via the non-
ligand binding coroponent of the receptor that suggests that antagonism arises from locking

the receptor into a confirmation that impeded interaction with the IL-18Rao-ligand compiex.

Example 6. Characterization of IgG 3131 binding to monkey IL-18R
This example tested the binding of antibody 313 to mounkey 1L-18RJ.

ECs0 value of IgG 3131 binding to thesus IL-18Rp was determined by multipoint direct
binding ELISA. The kinetics of Ig(G 3131 binding was determined to rhesus [L-18 receptor
beta by Surface Plasmon Resonance {SPR) to confirm ECso estimates. The cellular effects of
1g(3 3131 pre-incubation on rhesus IL-18 (50 ng/mi) plus thesus H.-12 (5 ng/ml} induced
stimulation of IFN-y secretion was assessed over a range of IgG concentrations on i1solated
fresh cynomolgus monkey PBMCs. The mean and the standard deviation (SD) were
calculated from three different monkeys. 1Cso values were estimated from the dose response
curves by curve fitting in GraphPad Prism {Version5.0}. The summary results are shown

below and the dose-dependency is plotted in FIG, 7.

BRI Target  ECeInM) A UIOTMISTY k{10987 K, (W)

3131 Rhesus 115404 38440 15501 384501
1~ 18R

4

Ig(G 3131 serum concentration from individual menkeys. Following intravenous
administration of Ig(G 3131 at a dose of 30 mg/kg (group 1, or G1} or 10 mg/ke (group 2, or

(G2), 2 ml whole blood were collected at pre-dose, 0.5, 1,3, 6,24, 48 h, 3 d, 4 d, 144h (6 d),
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192 h (B d), 240 h (10 d) and 336h (14d). After serum 1solation, analysis of sample IgG was

conducted by ELISA. The results are shown in Table 6 and FIG. 8.

Table 6. g 3131 serum concentration from individual male monkeys.

G130 mglke G2 10 me'kg
Time points{hr) ;ﬁig (Eji;!g;z) CV% ?{:’? (?:;i}) CV%
predose BOL NA BOL NA
0.5 hr 621501.346 3.2 203564 463 4.4
I hr 532472 445 6.6 196796 426 S2
3hr 470342 688 5.1 189477 094 4.8
6 hr 359419118 57 150558 530 2.4
24 hr 237529252 5.1 89643 134 0.5
48 hr 172548 375 10.6 31125427 7.1
Day3 76872.242 0.1 37305556 254
Dayv4 62353833 4.5 29332.824 133
Davé 39732 496 24 22742 962 238
Day8 2240.520 1.5 18363.603 174
Dayi0 31031.273 1.0 13901 .55 14.6
Dayi4 22526709 0.9 9022.943 7.7
DAY21 15808.016 1.7 2641525 1.2
Day 23 9866219 0.4 170589 1.5

BLQ: below the limit of quantitation; N/A: not available

Table 7 shows selected pharmacokinetics parameters of IgG 3131 in male monkeys.

Table 7. Pharmacokinetics parameters of Ig(G 3131 in rhesus

Group Gl G2

Dase (mg/ks) 30 10

Az {1/day) 0.0613 0.127

Tin {day) 113 5.46

Twa {day) G.0208333 0.0208333
Comax (Bg/mL) 621501.33 203564.46
AU e (day*ng/mi) 1311391.3 5111639
AUCo. (day*ng/mi) 1472301.3 5246053
AUC % Extrap_obs ({%}) 10.93 2.56
Vz_obs (ml/ke) 332.32 1502
MRTlast {day} 6.22 5.33
¥ss_obs (mL/kg) 211.51 11643

PCT/CN2019/091936

Example 7. Further affinity maturation of Ig(G 3131

This example presents anttbody Fab sequences derived from affinity maturation of antibody

3131, Affinity maturation libraries were subject to rounds of atfinity-based solution-phase
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phage display selection with decreasing concentration of antigen at each round. Auntibodies

with improved affinity are listed in Table 8.

Table 8. Affinity matured sequences

Seq 1D

Sequence

Name

VH/VL

162

DIOMTOSPSSLSASVGDRVIITCRASQSVSSAVAWYQOKPGKAPKLLE
SASSLYSGVPSRESGERIGTDEFTLTISSLOPEDFATYYCOOYGYHRHAG
ITPGQGTKVEIK

3131 AM2-1

VL

163

EVOLVESGGGLYOPGESLEL
7TV YADSVEGRET

DYWGQGT

SCAASGENLYYS SMHWVROAPGKGLEWVA
IS z- DTSKNTAYLOMNSLRAEDTAVYYCAR
g

{
VTVSS

3131 AM2-1

VH

i64

CBPESLSASVGEDRVIITCRASQSVSSAVAWYQOKPGKAPKLLIY
SGERSGTDEFTLTISSLOPEDFATYYCOOYGYHYAGL

=S aaVas Xol ol nialale
DEGVPSRFESGS
.

3131 AM2-2

VL

165 EVOLVESGGCGLVOPGGSLRLSCAASGENLYYSSMHWVROAFPGRKGLEWVA | 3131 AM2-2 VH
SITYSSHGRTGYADSVEKGREFTISADTSKNTAYLOMNSLRAEDTAVYYCAR
SSFSHGYGWYGLDYWGQGTLVTVSS

166 DIOMTCSPSSLSASVEDRVIITCRASQSVISAVAWYQORKPGKAPKLLIY | 3131 AM2-3 VL
SASSLYSGVPSRESGERIGTDFTLTISSLOPEDEFATYYCOOYGYHYAGL
ITPGQGTRVEIK

167 EVOLVESGGCLVOPGGSLRLSCAASGENLYYSSMHWVRQAPGRGLEWVA | 3131 AM2-3 VH
SIYSSSGYTSYADSVKGREFTISADTSKNTAY LOMNS LRAEDTAVYYCAR
SSESHGYGWYGLDYWGOGTLVITVSS

4
=<0

wn

"R EN

451

j68 DIOMT PSSLSASVEDRVIITCRASQSVISAVAWYQORKPGKAPKLLIY | 3131 AM2-4 %5
SASSLYSGVPSRESGERIGTDFTLTISSLOPEDEFATYYCOOYGYHYAGL
ITPGQGTRVEIK

160 EVOLVESGGGLVOPGGSLRLSCAASGENLYYSSMHWVROAFGRGLEWVA | 3131 AM2-4 VH
SIYSSSGSTCYADSVKGRETISADTSKNTAYLOMNSLRAEDTAVYYCAR
SSEFSHGYGWYGLDYWGEOGTLVTVSS
™

170

JSPSSLS VT ITCRASQOSVSSAVAWYQQRKPGKAPKLLIY
S GVPSRESGSRSGTDFTLTISSLOPEDFATYYCQOYGYHYAGL

3131 AM2-5

VL

WVQLVESGGC;VQPCGSLQLSCAASGENLf”SwMﬂWVPgAEGhG'EWVA
SIYSSSGDTHYADSVKGRETISADTSKNTAYLOMNSLRAEDTAVYYCAR
SSESHGYGWYGLDYWGEOGTLVTVES

3131 AM2-3

VH

172

>,
o
O
=
0
%
o

SSLIASVGDRVIITCRASOSVIESAVAWYQORPGKAPKLLIY
FSGSRSGTDFTLTISSLOPEDFATYYCQOYGYHYAGL

oW

3131 AM2-6

VL

SENLYYSSMHWVROAPGRGLEWVA
"'KETA LOMNSLRAEDTAVYYCAR

ot
<
< S
£
&
o Q

[T o]
[92]
w

1
G

193]
4]
[92]
i
s
o}
v
15

3131 AM2-6

VH

OBVESAVAWYQOKPGKAPKLLIY
SSLOPEDFATYYCQQYGYHDAGL

3131 AM2-7

VL

CAASGENLYYSSMHWVROAPGRKGLEWVA
ISADTSKNTAYLOMNSLRAEDTAVYYCAR

3131 AM2-7

VH

DIOMTOSESSLSASVGDRVTITCRASQSVSSAVANYQOKPGKAPKLLIY
Y SGY SGERSGTDFTLTISSLOPEDFATYYCQQYGYHYAGL

3131 AM2-8

VL

177

EVOLVESGGGLVQPGGSLRLSCAASGENLYYS SMHWVRCAPGKGLEWVA
SIYSSNGRT_fAD%VKGPFTISADTuVNEthQMNSLQFFDT“VLYCAR

3131 AM2Z-8

VH
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SSFSHGYGWYGLDYWGQGTLVTVSS

£onilxX
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The CDRs are summarized in Table 9 below.
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Example 8. Binding competition assay of the affinity maturated antibodies

This example assessed the epitopes of the affinity matured antibody variants of Example 7

{AM2) relative to the parent 3131 antibody.

The results are presented in FIG. 9, in which the binding signals for purified AM?2 Fab clones
{white bars) to recombinant human IL-18Rb were evaluated by ELISA and compared to
those obtained in the presence of saturating Ig(G 3131 (black bars). Fab 3131 was used as a
positive control, to observe self-blocking by 1gG 3131 (top plot, far left). Error bars represent
standard deviation of replicate measurements. The results demonstrate that these affinity

matured antibody variants bind to the same epitope as the parent 3131 antibody.

The present disclosure is not to be limited in scope by the specific embodiments described
which are intended as single illustrations of individual aspects of the disclosure, and any
compositions or methods which are functionally equivalent are within the scope of this
disclosure. It will be apparent to those skilled in the art that various modifications and
variations can be made in the methods and compositions of the present disclosure without
departing from the spirit or scope of the disclosure. Thus, it is intended that the present
disclosure cover the modifications and variations of this disclosure provided they come

within the scope of the appended claims and their equivalents.

All publications and patent applications mentioned in this specification are herein
incorporated by reference to the same extent as if each individual publication or patent

application was specifically and individually indicated to be incorporated by reference
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CLAIMS

What is claimed is:

I. An antibody or fragment thereof, wherein the antibody or fragment thereof has
binding specificity to a human interleukin-18 receptor beta (IL-18R[3) protein having the
amino acid sequence of SEQ ID NO: 1, wherein the binding comprises at least:

an amino actd residue selected from the group consisting of L167, D213 and 1242,

an amino acid residue selected from the group consisting of V244, G245 and D246,
and

an amino acid residue selected from the group consisting of G278, F279, R281, V282,

F283, N284, P285, 8310, E315 and 1317, of SEQ ID NO:1.

2. The antibody or fragment thereof of claim 1, wherein the binding comprises at least:
an amino acid residue selected from the group consisting of D213 and T242,
an amino acid residue selected from the group consisting of V244, G245 and D246,
and
an amino acid residue selected from the group consisting of G278, R281, V282, F283,

N284, P285, 8310, E315 and [317, of SEQ ID NO:1L

3. The antibody or fragment thereof of claim 1, wherein the binding comprises at least:
an amino acid residue selected from the group consisting of D213 and T242,
the amino acid residue V244, and
an amino acid residue selected from the group consisting of G278, R281, V282, F283,

N284, P285, 8310, E315 and 1317, of SEQ 1D NO: 1.

4. The antibody or fragment thereof of claim 1, wherein the binding comprises at least

the amino acid residues D213, T242, V244, G278, R281, V282, F283, N284, P285, 8310,

E31S and I317 of SEQ ID NO: 1.
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5. The antibody or fragment thereof of claim 1, wherein the binding comprises at least
the amino acid residues L167, D213, T242, V244, G278, F279. R281, V282, F283, N284,

P285, §310, E315 and 1317 of SEQ D NO:1.

0. The antibody or fragment thereof of any preceding claim, which further is capable of

binding to a mouse IL-18Rf3 protein.

7. An antibody or fragment thereof, wherein the antibody or fragment thereof has
binding specificity to a human interleukin-18 receptor beta (IL-18R ) protein, wherein the
antibody or fragment thereof comprises a light chain variable region comprising light chain
complementarity determining regions CDRL1, CDRL2, and CDRL3 and a heavy chain
variable region comprising heavy chain complementarity determining regions CDRH1,
CDRH2Z, and CDRH3, and wherein the CDRL3, CDRH1, CDRH2, and CDRH3, are selected
from combinations 1-27 of Table B or each of the combinations 1-27 in which each of the
CDRL3, CDRHI, CDRH2, and CDRH3 includes one, two, or three amino acid addition,

deletion, conservative amino acid substitution or the combinations thereof.

g The antibody or fragment thereof of claim 7, wherein the CDRL3, CDRH1, CDRH2,

and CDRH3 are selected from combination 1 of Table B or have one amino acid substituiion,

9. The antibody or fragment thereof of claim 8, wherein the substitutions are selected

from Table B1.

10.  The antibody or fragment thereof of claim 7, wherein the CDRL3, CDRH1, CDRHZ,

and CDRH3 are selected from combinations 1-27 of Table B or any row of Table 9.
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11, The antibody or fragment thereof of any one of claims 7-10, wherein the CDRL1 and
CDRL2 have sequences of QSVSSA (SEQ ID NG:45) and SAS (SEQ ID NO:46),

respectively.

12. The antibody or fragment thereof of claim 7, wherein the CDRL1, CDRL2, CDRL3,
CDRH1, CDRH2 and CDRH3 are selected from the group cousisting of:

the amino acid sequences of SEQ ID NO:45, 46, 47, 74, 95, and 117, respectively,

the amino acid sequences of SEQ [ NG:45, 46, 68, 90, 111, and 134, respectively,

the amino acid sequences of SEQ ID N(G:45, 46, 69, 91, 112, and 135, respectively,

the amino acid sequences of SEQ ID NO:45, 46, 332, 74, 95, and 117, respectively,

the amino acid sequences of SEQ 1D N(G:45, 46, 47, 74, 340, and 117, respectively,

the amino acid sequences of SEQ D N(:45, 46, 47, 74, 341, and 117, respectively,

the amino acid sequences of SEQ ID NG:45, 46, 47, 74, 342, and 117, respectively,
the amino acid sequences of SEQ ID NO:45, 46, 47, 74, 343, and 117, respectively,
the amino acid sequences of SEQ D N(:45, 46, 47, 74, 344, and 117, respectively,
the amino acid sequences of SEQ 1D N(O:45, 46, 333, 74, 345, and 117, respectively,
the amino acid sequences of SEQ 1D NO:45, 46, 47, 74, 346, and 117, respectively,
the amino acid sequences of SEQ 1D NG:45, 46, 334, 74, 95, and 117, respectively,
the amino acid sequences of SEQ ID N(:45, 46, 47, 74, 347, and 117, respectively,
the amino acid sequences of SEQ ID N(G:45, 46, 47, 74, 347, and 117, respectively,
the amino acid sequences of SEQ ID NO:45, 46, 333, 74, 95, and 117, respectively,
the amino acid sequences of SEQ 1D N(:45, 46, 335, 74, 95, and 117, respectively,
the amino acid sequences of SEQ 1D N(G:45, 46, 47, 74, 348, and 117, respectively,
the amino acid sequences of SEQ 1D NO:45, 322, 47, 74, 95, and 117, respectively,
the amino acid sequences of SEQ ID NO:45, 46, 47, 74, 349, and 117, respectively,
the amino acid sequences of SEQ D N(:45, 46, 47, 74, 350, and 117, respectively,
the amino acid sequences of SEQ ID N(G:45, 323, 47, 74, 95, and 117, respectively,

the amino acid sequences of SEQ ID NO:45, 324, 47, 74, 95, and 117, respectively,
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the amino acid sequences of SEQ ID N(:45,
the amino acid sequences of SEQ ID N(G:45,

the amino acid sequences of SEQ ID N(O:45,

the amino acid sequences of SEQ D N{O:45, ¢

the amino acid sequences of SEQ ID N(G:45,
the amino acid sequences of SEQ ID NO:45,

the amino acid sequences of SEQ ID NO:45,

the amino acid sequences of SEQ D3 N(O:45,

the amino acid sequences of SEQ ID N(G:45,
the amino acid sequences of SEQ ID N(O:45,
the amine acid sequences of SEQ 1D NO:45,
the amino acid sequences of SEQ ID N(:45 3
the amino acid sequences of SEQ ID N(G:45,

the amino acid sequences of SEQ ID NO:45,

the amino acid sequences of SEQ D3 N(O:45,

the amino acid sequences of SEQ ID NG:45,

the amino acid sequences of SEQ ID NO:45,
the amine acid sequences of SEQ 1D NO:45,
the amino acid sequences of SEQ ID N(:45,

the amino acid sequences of SEQ ID N(G:45,

the amino acid sequences of SEQ ID N(O:45,
the amino acid sequences of SEQ D N{O:45, ¢

the amino acid sequences of SEQ ID N(G:45,

the amino acid sequences of SEQ ID NO:45,

the amino acid sequences of SEQ ID NO:45,

the amino acid sequences of SEQ ID N(O:45

the amino acid sequences of SEQ ID N(G:45,

the amino acid sequences of SEQ ID N(O:45,

PCT/CN2019/091936

46, 47,74, 95, and 117, respectively,
325,47, 74, 95, and 117, respectively,
326,47, 74, 95, and 117, respectively,
322, 47,74, 95, and 117, respectively,
46,47, 74, 95, and 117, respectively,
325,47, 74, 95, and 117, respectively,
327,47, 74, 95, and 117, respectively,
46, 47,74, 351, and 117, respectively,
46, 336, 74, 95, and 117, respectively,
46, 47,74, 352, and 117, respectively,
46, 336, 74, 352, and 117, respectively,
28,47, 74, 95, and 117, respectively,
329,47, 74, 95, and 117, respectively,
330,47, 74, 95, and 117, respectively,

, 47,74, 95, and 117, respectively,
46,47, 337,350, and 117, respectively,
46, 47, 338, 350, and 117, respectively,
46, 47,339, 350, and 117, respectively,
46, 47,337, 343, and 117, respectively,
46, 47, 338, 343, and 117, respectively,
46, 339,343 and 117, respectively,

328, 47,74, 350, and 117, respectively,
328, 47,337,350, and 117, respectively,
328,47, 338, 350, and 117, respectively,
328,47, 339,350, and 117, respectively,
, 328, 47,74, 343, and 117, respectively,
328, 47,337,343, and 117, respectively,

328, 47,338,343, and 117, respectively,
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the amino acid sequences of SEQ ID N(:45,
the amino acid sequences of SEQ ID N(G:45,

the amino acid sequences of SEQ ID N(O:45,

the amino acid sequences of SEQ D3 N(O:45,

the amino acid sequences of SEQ ID N(G:45,
the amino acid sequences of SEQ ID NO:45,

the amino acid sequences of SEQ ID NO:45,

the amino acid sequences of SEQ D3 N(O:45,

the amino acid sequences of SEQ ID N(G:45,

the amino acid sequences of SEQ ID N(O:45,

the amine acid sequences of SEQ 1D N(O:45, 32
the amino acid sequences of SEQ ID N(:45,
the amino acid sequences of SEQ ID N(G:45,

the amino acid sequences of SEQ ID NO:45,

the amino acid sequences of SEQ D3 N(O:45,

the amino acid sequences of SEQ ID N(G:45,
the amino acid sequences of SEQ ID NO:45,
the amine acid sequences of SEQ 1D NO:45,
the amino acid sequences of SEQ ID N(:45,
the amino acid sequences of SEQ ID N(G:45,

the amino acid sequences of SEQ ID N(O:45,

the amino acid sequences of SEQ D3 N(O:45,

the amino acid sequences of SEQ ID N(G:45,

the amino acid sequences of SEQ ID NO:45,

the amino acid sequences of SEQ ID NO:45,

the amino acid sequences of SEQ ID N(:45,
the amino acid sequences of SEQ ID N(G:45,

the amino acid sequences of SEQ ID N(O:45,

PCT/CN2019/091936

328, 47,339,343, and 117, respectively,
46, 333, 74, 350, and 117, respectively,
46,333, 337, 350, and 117, respectively,
46, 333, 338, 350, and 117, respectively,
46, 333, 339, 350, and 117, respectively,
46, 333, 74, 343, and 117, respectively,
46,333, 337, 343, and 117, respectively,
46, 333, 338, 343, and 117, respectively,
46, 333, 339, 343, and 117, respectively,
328,333, 74, 350, and 117, respectively,
8,333,337, 350, and 117, respectively,
328, 333,338, 350, and 117, respectively,
328,333,339, 350, and 117, respectively,
328,333, 74, 343, and 117, respectively,
328,333,337, 343, and 117, respectively,
328, 333, 338, 343, and 117, respectively,
328,333,339, 343, and 117, respectively,
46, 335, 74, 350, and 117, respectively,
46, 335, 337, 350, and 117, respectively,
46, 335, 338, 350, and 117, respectively,
46,335, 339, 350, and 117, respectively,
46, 335, 74, 343, and 117, respectively,
46, 335, 337, 343, and 117, respectively,
46, 335, 338, 343, and 117, respectively,
46,335, 339, 343, and 117, respectively,
328, 335,74, 350, and 117, respectively,
328, 335,337,350, and 117, respectively,

328,335,338, 350, and 117, respectively,
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the amino acid sequences of SEQ ID N(O:45, 328, 335,339, 350, and 117, respectively,

the amino acid sequences of SEQ 1D NO:45, 328, 335, 74, 343, and 117, respectively,

the amino acid sequences of SEQ ID NO:45, 328, 335, 337, 343, and 117, respectively,

the amino acid sequences of SEQ 11D NO:45, 328, 335, 338, 343, and 117, respectively, and

the amino acid sequences of SEQ 1D N(O:45, 328, 335, 339, 343, and 117, respectively.

13, An antibody or fragment thereof, wherein the antibody or fragment thereof has
binding speciticity to a human interleukin-18 receptor alpha (JL-18Ra) protein, wherein the
antibody or fragment thereot comprises a light chain variable region comprising light chain
complementarity determining regions CDRL1, CDRL2, and CDRL3 and a heavy chain
variable region comprising heavy chain complementarity determining regions CDRH1,
CDRH2, and CDRH3, and wherein the CDRL3, CDRH1, CDRH2, and CDRH3, are selected
from combinations 1-12 of Table C or each of the combinations 1-12 in which each of the
CDRL3, CDRHI, CDRH2, and CDRH3 includes one, two, or three amino acid addition,

deletion, conservative amino acid substitution or the combinations thereof
t4.  The antibody or fragment thereot of claim 13, wherein the CDRL3, CDRH1, CDRHZ,
and CDRH3 are selected from combination 11 of Table C or have one amino acid

substitution.

15.  The antibody or fragment thereof of claim 14, wherein the substitutions are selected

from Table C1.

16.  The antibody or fragment thereof of claim 13, wherein the CDRL3, CDRH1, CDRHZ,

and CDRH3 are selected from combinations 1-12 of Table C.
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17.  The antibody or fragment thereof of any one of claims 13-16, wherein the CDRL1
and CDRL2 have sequences of QSVSSA (SEQ ID NO:45) and SAS (SEQ 1D NO:46),

respectively.

18 The antibody or fragment thereof of claim 1 or 7, comprising a heavy chain varnable
region comprising an amino acid sequence selected from the group consisting of SEQ ID
NO:2, 6, 10, 14, 18,22, 26, 30, 34, 3%, 163, 165, 167, 169, 171, 173, 175, 177, 179, 181, 183,
185, 187, 189, 191, 193, 195, 197, 199, 201, 203, 205, 207, 209, 211, 213, 215, 217, 219, 221,
223,225,227, 229, 231, 233, 235, 237, 239, 241, 243, 245, 247, 249, 251, 253, 255, 257, 259,
261, 263, 265, 267, 269, 271, 273, 275,277, 279, 281, 283, 285, 287, 289, 201, 293, 295, 297,

299, 301, 303, 305,307, 309, 311, 313, 315, 317, 319, and 321 or a peptide having at least 90%

sequence identity to an amino acid sequence selected from the group consisting of SEQ ID

NO:2, 6, 10, 14, 18, 22, 26. 30, 34, 38, 163, 165, 167, 169, 171, 173, 175, 177, 179, 181, 183,
185, 187, 189, 191, 193, 195, 197, 199, 201, 203, 205, 207, 209, 211, 213, 215, 217, 219, 221,
223,225,227, 226, 231, 233, 235, 237, 239, 241, 243, 245, 247, 249, 251, 253, 255, 257, 259,

LR

261

263, 265, 267, 269, 271, 273, 275, 277, 279, 281, 283, 285, 287, 289, 201, 293, 295, 297,

299,301, 303, 305,307,309, 311, 313, 315,317, 319, and 321.

19.  The antibody or fragment thereof of claim 1, 7 or 18, comprising a light chain

variable region comprising an amino acid sequence selected from the group consisting of
SEQID NO4, & 12,16, 20, 24, 28, 32, 36, 40, 162, 164, 166, 168, 170, 172, 174, 176, 178,
180, 182, 184, 186, 188, 190, 192, 194, 196, 198, 200, 202, 204, 206, 208, 210, 212, 214, 216,

218,220, 222, 224, 226, 228, 230, 232, 234, 236, 238, 240, 242, 244, 246, 248, 250, 252, 254,

k2

256, 258, 260, 262, 264, 266, 268, 270, 272, 274, 276, 278, 280, 282, 284, 286, 288, 290, 292,

294, 296

s 5

208, 300, 302, 304, 306, 308, 310, 312, 314, 316, 318, 320, or a peptide having at
feast 90% sequence identity to an amino acid sequence selected from the group consisting of
SEQ ID NO: 4, 8,12, 16, 20, 24, 28,32, 36, 40, 162, 164, 166, 168, 170, 172, 174, 176, 178,

180, 182, 184, 186, 188, 190, 192, 194, 196, 198, 200, 202, 204, 206, 208, 210, 212, 214, 216,
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218,220, 222, 224, 226, 228, 230, 232, 234, 236, 238, 240, 242, 244, 246, 248, 250, 252, 254,
256, 258, 260, 262, 264, 266, 268, 270, 272, 274, 276, 278, 280, 282, 284, 286, 288, 290, 292,

204, 296, 298, 300, 302, 304, 306, 308, 310, 312, 314, 316, 318, 320

20 The antibody or fragment thereof of claim 13, comprising a heavy chain variable
region comprising the amino acid sequence of SEQ 1D NO:42, or a peptide having at least 90%

sequence identity to the amino acid sequence of SEQ 1D NO:42.

2% The antibody or fragment thereof of claim 13 or 20, comprising a light chain variable
region comprising the amino acid sequence of SEQ 1D NO:44, or a peptide having at least 90%

sequence wdentity to the amino acid sequence of SEQ 1D NG44,

22. The antibody or fragment thereof of any one of claims 1-21, which can combine with

other antibodies against second target protein.

23, The antibody or fragment thereof of claim 22, wherein the second target protein can
be other pro-inflammatory cytokines, including but not limited to, IL-1, IL-4, 1L-5, IL-6,
.13, [L-17 and [L.36. Other examples include but not hmited to CD3, CD16, CD19, CD20,
CD28, CD64, PD-1, CTLA-4, LAG-3 (also known as CD223), CD28, CD122, 4-1BB (also
known as CD137), TIM3, OX-40 or OX40L, CD40 or CD40L, LIGHT, ICOS/ICOSL,
GITR/GITRL, TIGIT, CD27, VISTA, B7H3, B7H4, HEVM or BTLA (also known as

CD272), killer-cell immunoglobulin-like receptors (KIRs), and CD47.

24. A composition comprising the antibody or fragment thereof of any one of claims 1-23

and a pharmaceutically acceptable carrier.

25, Anisolated cell comprising one or more polynucleotide encoding the antibody or

fragment thereof of any one of claims 1-23.
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26, A method of treating an autoimmune or inflammatory disease in a patient in need
thereof, comprising administering to the patient the antibody or fragment thereof of any one

of claims 1-23.

27, The method of claim 26, wherein said autoimmune or inflammatory disease is

selected from the group consisting of a Parkinson’s disease, arthritis, theumatoid arthritis,
multiple sclerosis, psoriasis, psoriatic arthritis, Crohn’s disease, inflammatory bowel disease,
ulcerative colitis, lupus, systemic lupus erythematous, juvenile rheumatoid arthnitis, juvenile
idiopathic arthritis, Grave's disease, Hashimoto's thyroiditis, Addison’s disease, celiac disease,
dermatomyositis, multiple sclerosis, myasthenia gravis, pernicious aneroia, Sjogren syndrome,

type I diabetes, type I diabetes, vasculitis, uveitis, sepsis, atherosclerosis and ankylosing

spondylitis,
28, A method of treating cancer in a patient in need thereof, comprising administering to

the patient the antibody or fragment thereot of any one of claims 1-23.

29, The method of claim 28, wherein the cancer is selected from the group consisting of
bladder cancer, liver cancer, colon cancer, rectal cancer, endometrial cancer, leukemia,
tymphoma, pancreatic cancer, small cell fung cancer, non-small cell lung cancer, breast
cancer, urethral cancer, head and neck cancer, gastrointestinal cancer, stomach cancer,
oesophageal cancer, ovarian cancer, renal cancer, melanoma, prostate cancer and thyroid

cancer.

30. A method of detecting expression of IL-18 receptor in a sample, comprising
contacting the sample with an antibody or fragment thereof of any one of claims 1-23 under
conditions for the antibody or fragment thereof to bind to the 1L-18 receptor, and detecting

the binding which indicates expression of IL-18 receptor in the sample.
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31, The method of claim 30, wherein the sample is isolated from a human patient.

32. The method of claim 30, wherein the detection indicates a disease associated with

abnormal expression of the 1L-18 receptor.

33, The method of claim 32, wherein the disease is selected from the group consisting of

infection, an autoimmune or inflammatory disease, or cancer.
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