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E H58Q
| £e0C ax
. |L93C 2-3x
L
[ | L94P,Q,orR 2-4x
[ | L95R, Y 3-8x
[ [L95bE, W 2-4x
E LT 2 885 & URKERNA
| LT28 (parent) 1.3E+04 | 4.8E-04 | 3.9E-08 | 9.0E-8M
- [H54Q 2-3x
. | HE8W 2-3%
[ 1
[ [125-2H 1.7E+05 | 1.1E04 | 6.2E10 | 2.E-10M
[ 318 1.2E+04 | 1.1E-04 | 9.6E-09 | 4.0E-9M
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JP 2004-500086 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(43)

W) 0158956 PCTAISN/4170

10

20

25

30

ANTIBODIES THAT BIND HUMAN INTERLEUKIN-18
AND METHODS OF MAKING AND USING

Related Applications

This application is a non-provisional application claiming priority 1o 11.8.
provisional application Serial Mo, §0/181,608, filed February 10, 2000, entitled,
“Antibedies that Bind Human Interloukin- 18 and Methods of Making and Using® the
contents of which are hereby incorporated by reference. In addition, the contents of all
cited references, including Literature references, issued patents, and published patent
applications, as cited throughout this application are hereby expressly incorporated by

reference.

Hackground of the Invention

Interlenkin-18 (f1.-18) was criginally described in 1989 a5 interferon-gamma
inducing factor {IGIF) and is a pro-inflantnatory cytokine with vadous functions in
addition 10 an ability to induce interferon gamma. These biological propertics include
activation of NT-cb, Fas ligand expression, ihe induction of both CC and CXC
chiemokines, and increased productivn of competent human tmmunodeficiency virus.

Due 1o the ability of [L-18 to induce interferon gamma production in T cells and
macrophages, it plays an jmportaut role in Thl-type immune responses and participates
in both innate and acquired Jmmunity. 1L-18 is refated to the 1L-1 family in tenmes of
both strueture and function. For revicws of IL-18 structure, function and biological
activity, see for example Dinarello, C. et al, (1998) . Lenfoc. Biot. 63:638-654;
Dinarello, C.A. (199Y) Methods 19:121-132; and Dinarello, C.A. (1999).7 Aliergy Clin.
Jmmunol. 103:11-24.

It would be desirable to use to modulate IL-18 in 2 viricty of human immune
responses. In particular, antibodics that bind to and neutralize IL-15 are pariicularly
desirable. Moreover, murine JL-18 antibodies are limited for their use iz vive due to
prablems associated with administration of mouse antibodics to humans, such as short

scruni half life, an inability to tigger certain hurnan effector functions and elicitation of

JP 2004-500086 A 2004.1.8
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an unwanted immune response against the mouse antibody in 2 human (the "humar anti-
maouse antibody” (FHAMA) reaction).

Ty genersl, attempts Lo overcoms the problems associated with use of fully-
murine antibedies in humens, have involved gencticaliy engineering the antibodies to be
more "human-Iike.” For example, chimeric antibndiss, it wihich the variable regions of
the antibody chains are murine-derived and the constant regions of the antibody chains
are uman-derived, have boen prepared (Junghans, ef o, (1990} Cancer Res. 30:1495-
1302; Brown et @/, (1991) Proc. Natl Acad. Sei. 88:2663-2667; Keillchorough e af.
{1991} Profein Exngincering. 4:773-783). However, hecause these chitneric and
hwmnanized antibodics still retain some murine sequences, they still may elicit an
unwarnted immune reaction, the human anti-chimeric antibedy (FHAMA) reaction,
especially when administersd for prolonged periods.

A prefirred IL-18 inhibitory agent o murine antibodies or denivatives thereof
fe.g., chimeric of humanized anbbodies) would be an entircly human ani-IT.-18
antibody, since such an agent should not elicit the HAMA reaction. even if used for
prolenged peiods. However, such antibodies have nat been described in the art and,

therefore are still needed.

Summary of the Invention

This invention pertains to compounds, such as aptibodies, that bind human [L-
18, as well a5 methods of making and using such compounds or antibodies.

In ane aspect, the invention pertzios to 2 compound vapable of binding a human
1L-18 amino acid sequence, or portion thereof, where the amine acid comprises an N- or
C-terminal portion of buman JL-18 such as provided in 8EQ ID NO: 70 or SEQ TD NO:
71. In one embodiment, the compound is a small molecule, peptide, polypeptide,
antibody, of antibody fragment, such as a fully human amibody or fragment.

In another aspect, the invention pertains to a humean monockmal antbody, or
antigen-binding portion thersof, cupable of binding to human IL-18. In other
embodiments, the antibody or fragment thereof, dissociates from human [L-18, as
determtined by plasmon resonance, with a koff rate constant of ¢.1s-1 or less, 1 x 10E-2

s-1 orless, 1 x 10E-3 5-) or less, | x 10E-4 5-1 or fess, 1 x 10E-5 s-1 or less, 1 x 10E-6

JP 2004-500086 A 2004.1.8
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-1 or less, or inhibits hunzan TL-18 activity with an 1C50 of | % TOB-6 or less, | x 10B-7
orless, 1 x 10E-8 oriess, 1 x 10E-9, I % 10E-10 or less, or 1 x 105-11 or less.

In another aspect, the invention pertaing to an isolated antibody, or ain antigen-
binding portion thercof, that hinds an ¢pitope of buman 11.-18 comprising aminn acids
PLEEDMTDSDCRGNA (SEQ 1D NO: 1), VIRNLNDOQVLFIDG (STQ ID NG: 33), or
a partion of either. Preferably, the antibody is a neutralizing artibody. Preferably, the
antibody is a human antibody. 1n varieus embaodiments, the antibody 1s 2 recombinant
antibody (e 2., a single-chain antibody (scl™v)), or & monoclonal antibody.

In other ernbadirnents, the isolated antibody, or antigen-binding portion thereot,
binds 1o an epitope of human 1L-18, of & pottion of efther, where the antibody, or
antigen-binding poriion thereof, dissociates from human IL-18 with a I rate constant
of 15" or less, as determined by surface plasmon resonance, or which inhibits human
I1.-18 activity with ag [Cy; of 1 % 10°°M or less. Alternatively, the antibody, or an
antigen-binding portion thereof, may d.issnciala fram human IL-18 with a k ; tate
constant of 1 x 10?57 or less, as determined by surface plasmen resonance, or may
inhibit buman 1L-18 activity with an 1C,, of 1 x 107M or less. Altematively, the
antibady, or an antigen-hinding portion thereof, may dissociate from human IL-18 with
a kg rate constant of Tx 1077 or less, as determined by surlace plasmon resonance, or
may inhibit human 17.-18 activity with an ICg, of T x 10%M or less. Alternatively, the
antibody, or an antigen-hinding portion thereof, may dissociate from human 11.-18 with
a kg rate constant of 1 x 10757 or less, as determined by surface plasmon resonance, or
may inhibit human 1L-18 activity with an IC;, of 1 x 10°M or less. Alternatively, the
antibody, or an antigen-binding pertion thereof, may dissociate from human IL-18 with
a kg zate constant of 1 % 1075 or less, as detenmined by surface plasmon resonance, or
may inhibit human IL-18 activity with an IC, of 1 x 10™"M or less. Alternatively, the
antibody, or an antigen-binding portion. therecf, may dissociate from human [L-18 with
a kg rale constart of 1 x 107%™ or less, as determined by surface plasmon resonance, or
may inhibit mas 1L-18 activity with an TCy 0f T 107 M or less,

Another aspect of the invention pertains to an isolated human antibody, or an
antigen-binding portion thereof, containing at least one varzble region CDR domain

capable of binding an epitope of human 1L-18. In related embodiments, the isolaled

JP 2004-500086 A 2004.1.8
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4.

antibody, or un antigen-binding portion thereof, has a variable region containing a heavy
and/or light chain CDR1 domain, CHR2 doman, or CER3 dorain as set forlh in 1'able
6 or 9 which can have, e.g., one or more amine acid substitutions or insertions at or
adjacent 1o any of the Kabat positions indicated in Tables 7-8 and 10-11. In a preferred
embadiment, the isolated antibody, or an antigen-binding portion thereof, contains a
light chain variable region (LCVR) confainiig the amino acid sequence of SEQ TR NO:
29 and 4 beavy chain variable region {HCYE) containing the amino acid sequence of
BEQ D NQ: 26 In apother prefened embodiment, the isolated antibody, of an antigen-
binding portion thereof, containg a light chain variable region (I.CVR) having the amino
acid ssquence of SEQ 1D NO: 29 and 2 heavy chain varlable region (HCVR) having the
amino acid sequence of SEQ IDNQ: 27,

Another aspect of the invention pertains to pharmaceutical compositions
comprising an antibody, or unligen-binding portion thereof, of the invention and a
pharmaccutically acceptable carrier. In onc einbodiment, the pharmaceutical
composition further comprises at least one additional therapeutic sgent for treeting a
disarder in which i1.~18 activity is detrimental.

Another aspsct of the invention pertains to methods of making an antibody that
binds hurnan interleukin-18 {IT.~18}. The isvention provides o method comprising
exposing an antibody reperteire to an antigen comprising an epitope of hurnan 151§
comprising aming scids PLEEDMTDSDCRDNA (SEQ IDNG: 1)),
VIRNMLNDQVLFIDO (SEQ ID NO: 33), or a poction of either; and selecting from the
antibody reperioire an antibody that hinds the epitope of human 1L-18 camprising amino
acids PLFEDMTDSDCRIONA, (SEQ [D NO: 1), VIRNLNDQVLEIDD (SEQ ID NO:
33), or a porfion of either.

In ope embodiment, the antibody repertoire is an # wio reperioire in an animal
and the method comprises immunizing the animal witk the antigen comprising the
cpitope of hurman 118 comprising amine acids PLFEDMTDSDCRDNA (SEQ ID NCGx:
13, YIRNLNDQVLFIDQ {SEQ 1D NO: 33), the N- or C-terminal partion af human IL-
18 (STQ D NOS: 70-71), er a portion of any of these epitopes. In another embodiment,
the antibody repertoire is a recombinant antibody library and the methed comprises

screening the Hbrary with an aatigen conteining the cpitope of human 11.-18 heving the

JP 2004-500086 A 2004.1.8
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arming acids PLECDMTDSDCRIINA (SEQ 1D NO: 1), VIRNLNDQVLFIDG (SEQ 1D
NO: A3}, peptices represented by SEQ [D NOS: 31-32 and 34-6;), or a poriion ol any of
the foregoing. Preferably, the )ibrary is a human ant{body Library,

Io another aspeet, the invention provides an isolated nueleic acid encoding an
aniibody of any of the ahove aspacts, e 2., a heavy and/or light chain variable regien, or
portion thereof. In related embodiments, the jsolated nuclele acid encoding the anti-11.-
18 antibody, ar portion thercof, is in a recombinant expression vector, e, for
expression ina host cell.

Thus. in apother aspect, the juvention pertains to a method of using the forepoing
host cell into which the recombinant-expression veetor has been introduced, for
synthesizing an autibody that binds oman IL-18, by culturing the host cell in a culture
medium uniil an antibody that binds human I1.-18 is synthesized by the cell

Another aspect of the invention pertains to a method for inhibiting human IT.-

1% activity camprising contacting human F1-14 with the antibody, or antigen-binding,
portion thereof, of the invention such that human IL-18 activity is inhibited.

Yol another aspect of the invention pertains to & method for inhibiling human 1L~
18 activity in a kuman subject suffering from a disorder i which IL-18 activity is
detrimental, comprising administering to the human subject the antibody, or antizen-
binding portion thereof, of the invention such that human 1L 18 aetivity in the human
subject is inhibited. In one embodiment, the anti-IL- |§ antibody may be administered,
¢.g., before, concurrent, or after, an additional agent such as an anti-1T.-12 antibody or
antigen binding fragment thereof, methotrexate, anti-TNF antibody or antigen binding
fragment theref, corticosteroids, cyclosponin, rapamycin, FK506, or a non-steroidal

anti-inflammatory agent.

Brief Description of the Drawings
Figure 1 shows the structural model of 1L-18 (center} as compared to IL-15
{lefr) and TLIRA (right}.

JP 2004-500086 A 2004.1.8
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Figure 2 shows a struetural model of 1L-18 complexed with the TL-18 receptor,
whercin. the peptide epitope comprising amine acids PLEEDM IDSDCRDNA (SEQ ID
NO: 1) of IL-18 is indicated in duk gray. This peptide epitope is bound by the ant-IL-
18 antibody 2E1.

Figure 3 shows a structural model of IL-18 complexed with the JL-18 receptor,
wherein the peptide epitope comprising amine acids YFGKIESKLSVIRN (SEQ 1D
NO: 33) of IL-18 is indicated in dark gray. This pepride epitape is bownd by the anti-IL-
18 aniibody LT28.

Figure 4 shows 4 suuctural modet of full length IL-18 complexed with the {T.-18
reoeptor. The spherical light and dak. gray epitopes represent the N and C terminal
contact epitopes of IL-18 (respectively, SEQ 1D NOS: 70 and 71).

Fignre 5 shows the potency of three different anti-TL- 18 antibodies in
neutralizing the biologic effects of IT.-18 as & function of inhibition of TR™-y induction
in KG1 cells. The IC50 values for the puiibodies 125H (boxes) and the 2E1 antibody as
an Ig(i antibody (circles) or as a sinple chain antibody (triangles) are, respectively, 2.1E-
10, 9.4E-10, and 3.3E-9.

Detailed Deseription of the Invention

This invention pertains to the selection of peptide cpitopes that are capablo of
generating neutralizing antibodies to IL-18 mediated signal iransduction, the preparation
of antibodies to these epitopes and the use of such antibodies, including use to treat
disorders involving [1.-18. The stratepy of sclecting epitopes entails construction of an
hemeolegy model of the IL-18 protein and tis corresponding receptor. A combination of
visual inspection and computational evaluation is then uscd to sefect representative
peptide segments for synthesis and antibody generation. Amino acid sequences shown

herein use the standard one-lelter abbreviation code.
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Belection of I1.-14 Epitopes
"The program Madeler (Sali, A. etal., Kvaluarion of comparative protein

modeling by MODELLEE, Proteins: Struct., Funct., Genet. (1993), 23(3), pp. 318-26.
CODEN: PSFGEY; ISSN: 0887-3585) was used to generate homology meodels lor both
H.-18 and the IL-18 receptor. The X-ray crystal structures of [L-1f (Priestle, J_, ot at.
The three-dimensional structure of human interiewkin-1 beia. refined io 2.0 ANG.
resolution. Prog. Clin. Biol Res. (19903, 349 {Cytokines Lipocarting Inflammation
Differ.), pr. 297-307) and IL-1RA (Schrender, H. et al., Refired crystal structure of the
interlenkin-1 receptor antagonis!: prevexice of a disulfide tnk and & cls-profine, Euc 1.
Biochem. {1995}, 227(3), pp. 838-47) are available and were used vs reference
coordinates for the modal consteuction of 11.-18. The IL-1 receptor structure (Vigers, G-,
et al. Cristal structure of the type-T interleukin-I-receptor vomplexed with interlevkin-
Lheta, Naturs (Londen) {1997), 386(6621), pp. 190-194) was used to mode! the 1L-18
receptor.

‘The struetural nodel building for IL-18 and the 11.-18 receptor is described
further below,

1L-18 Model Building

‘The overall sequerice homalogy with these two proteins (e, IL-1[f and IL-18} 1=
law, howsver, there is compelling evidence that 1L-18 is a member of the IL-1 family
(see Dinarello, C.A. FL-18: a THl-inducing, proinflammatery cytokine and new
member of the [L-1 family. 1. Allergy Clin. Immunol. (1999), 103(1, Pt. 1), pp. 11-24)
and that the overall protein fold is very sirmilar. Like 1L-1P, IL-18 is initially secreted in
a pro form. Both pro-1L-1 B and pro-IL-18 arc activated by 1L-1 B-converting enzyme
(TCE) {Fantuzei, G. and Dimarello, C.A, Interlesdin-i& and interlowkin 18 mwo cytokine
subgstrotes for ICE (cagpase-1). I, Clin, Immunol. {1999), 19(1), pp. 1-11). Ltis also
kocwn that the [L-1 recepitor and the T1.-18 receptor are similay (Dinarello, C.A et al.
Overview of interleukin-18 rore than an interferon-y inducing facter. 1. Leukocyle
Biol, (1898}, 63{6}, 658-664). IL-1p is capable of blnding to the IL-18 receptor. Asa

final argument, [L-1 5 and [L-TRA display an identical fold, even though the overall

JP 2004-500086 A 2004.1.8
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sequence homotegy butween these two proteins is on a par with lhe sequence homology
with IL-18. The sequence alignment between the three proteins {i.e., IL-18. TL-1[ and

IL1-RA) was constructed manually with the program Insightll. This alignment can be

seen in Table 1:

JP 2004-500086 A 2004.1.8
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Table 1: Sequence alignment for IL-18 relativa to IL-1B and IL-iRA

24
IL-18: YFGK-LESKLS-VIRNLNDOVIFTCQGNRPLFE--DMT-DSDCRD--NAP
1L-1p: AP-VR5-LNCTLRDEQOKS LYMS -G~ ~F - ¥ RLKALHLOGQ-—N—--MEQ
IL-1RA: SSEMOA-FR-—-IWDVNQRTFYLR-N——N--QLVACY .05 ——NVHLEE

39
IL-18: RTIFTISMY-KD3QPRG-MAVTISVECEXISILIC-———pENK-IISFKEM
IL-1p: QVVESM3-FVQGEEINDKIPVALGIK-RENLYLSCVI K- DDKPTLOLESY
IL-12A%: KI--DV---V¥P-IEZH---ALELGIH-GGKMCLSCV-KSGDETRLOLEAY

123
IL-18: MHPPONI-KDTXSDIIZ-FQRSVEGHDNIMQFESSSYECY AL E-XERDL
I7-1B:  DPENYP-KK-KMEXRFVENE-T-RINNKLEFRSAQFPNWYISTS-ORENM
TL-1RA: NITDLSENR-EODXRFPAFIR-5-DSGPTTSrESAACPGWELCIAMEADD—

170
TL-15%: FRLILEKED-ELGDRSIM-FIVQNDSD (SEG 1D NO: 4}
IL-1f:  ~PVFL-—-GG-TKEGQUITIFTMOFVES {SEQ ID WO: 3)

IZ-1RA: -PVEL--THMPDEGVMVIKEYFQEL (3B ID NO: &)

The sequence homology between these sequences is listed in Table 2. The upper
triangle js percent strict sequence ideniity and the lower triangle is porcent conservative
sequence homology. Only the portions of the total sequences reporied in Table 1 are
eonsidered in Table 2. As was mentioned above, the overall homology is low but

congistent across the family.

JP 2004-500086 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(52)

W) 0158956 PCTAISN/4170
-10-

Table 2: Seguence homology hetween IL-1 family members

Molecule | IL-18 IL-1p | IL-ARA IL-1Rec |IL-iB Rec |
IL-18 - 20.0 21.8 - -
IL-1b ! 53.5 - 275 - -
ILiRA | 505 544 - - -
IL-1 Rec - - - - 26.1
LIL-1B Rec - - J - 50.5 -

The resulting IL-15 structure is pictured in Figiwe 1 along with IL-1 and 1L-
$ 1RA. The overall quality as assessed by the program What_Check (Huoft, R.W. ctal.,
Errorg in Protein Struciwres. Wature (1996) 381, pp. 272} is reasonable, but a bil low

(see Table 3 below).

JP 2004-500086 A 2004.1.8
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Table 3: Structural Z-scores from What_Check (Positive is better than
average)

© Jweip [WARA [ILfRec [ILA18 1L-18 Rec |
{madel) {model)

Packing 1.8 23 36 55 5.7
Quality
Ramachandran | -2.0 -1.3 2.8 -33 -2.3
Plot
Rotamer 16 08  [-168 |08  [-08 |
Normality
Backbone a7 |08 A6 56 27
Conformation

However, the asscssmeni of the reforence structures by What Check is also low,
sugpesting that this protein fold 1s poorly represented in the database of reference
stuctiwes. Undoubtedly though, the low sequence homology confributed 1o a less than
peslect fipal structure in spite of our confidense in the overall protein fold. [However, for
the purpose of choosing epitopes for antibody generation, this structure is considered 1o

be sufficient.

11~18 Receptor Model Building

The structure of the IIL-18 receptor was also penerated using the program
Modeler. The reference coordinaies were from the TL-I receptor. As in the case of the
cytokines associated with these receplors, the overall sequence identity is low, but
sufficient to generate an alighment. The sequence homelogy figures are included in
Table 2 above. The alignment was generated mamuaily using the program Insight!l and

is presented in Table 4.

JP 2004-500086 A 2004.1.8
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Table 4. Sequence alignment for the IL-18 receptor relative to the IL-1
Recepter

2z
TL-i0 Rez: CTSREIITVVEGEFFYLKHCSCSLAHEILR
IL-1 Rec @ CEERIEKLILVESRNEIDVRPUPLNPNEAKITIL
12
1L-:8 Rec: SS5SRIALKD
IL-Z Rec : 5--RIH

SHYKESEEOREVELNPR

T KDD-SKTPVETRQR

FWDVRLRDTGSY PO RN Y T ORIV I RRIK NS - -
CYVRNESYOERIKTSAKEVENERN

3 Reg: -CETERQVTSKLVIVRKFEQLLCENSYYOTLVRE - SLYKNCKKLLL
L Aeu . LOYMAQARICXOKLPYAG XICLVCPYMEIFRHESNRELE X LOWYKDCKPLLL

IL-18 Rac: EN=-=-=-— MENPTIXKKNARFEQQGY YSCVAFLAHNGKLFi
IL-1 Rec @ INIAFSGVEIRLOVMNVAEKKRONYTCHASYTYLGEGYPIT
209
1 DRSH VI LGPRLNNVAVELGKNVRLRCSATLREEDVI Y HNI-6IE-9G
ENKPYREVIVSEANETMEVDLGSQIQLEICHVIGQLSDIAYWHWNGEVIDE
257
SOPRIHEE—EMRIMT FLEKWHASK VLR T SN TG

KTFNITIVE
AVIRTITLE

DOEV, CYXSYENPANKRRGLLITVLNLISEIZSRE
36

IL-18 Rec: TOUKSFILVREAD (SEDQ ID NO: 7)

I%-1 Rec @ IDARYIQLIYPWI (8FQ L3 MO: 8)

The overall guality of the strusture of the 11-18 receptor as determined using the
Modeler program is reasonable but again scores somewhat low according te
What_Check (scc Table 3 above). The confidence that can be placed on the overal] fold
comes primarily from the fact that IL-1p binds to both the 1E-1 and 11-18 receptor. The
low sequence homalogy certainly contribuies to the quality of the {inat structure,
howeser, as in the case of the associated cytokines above, this current structure is
considered to be sufficient. As an additional exercige, the 1L~18 peptide epitope hound
by LT28 (SEQ ID MNO: 33} was modeled when complexed with the 1L-18 receptor
(Figure 3). As a final exercise, a model of the IL-18/1L-18 zeceptor complex was
generated based on the IL-1/IL-1 receptor structure (Figure 4} This structure was
gencrated by superimposing the cytokine struciures and the receptor structures. No

attempt wus made to energy minimize the final structure.

Peptide Epitope Selection
The primary purpose of generating structural models was to be able to seloct

suilable peptides based primarily on a visual score. Solvent exposed sections of the

A 2004.1.8
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prateins and portions of the proteins which were both liydrophilic and buried in the

receplor/eytokine complex were considered. A final ¢lement considered was based on a

selectivity eriterion. The selected peptide epitope should be different in sequunee from

similar portions of other members of the family. Based on this eriteria, a peptide from

IL-18 was selected. In addition, a comprebensive overlapping panel of peptides (SEQ
IR NOS: 31-60) representative of full length human IL-18 (SEQ 1D NO: 1) was alse

made and the sequence of all of these TL-18 related peptides is shown in Table 3, below.

Table 5, Selected Peptides Representative of IL-18

Peptide Sequence

(SEQ ID NO:

FIOUGHNRPLEIECMT

PLFZDMTDSDCRDNA T J{BEQ ID NO: 1)

[ CPLFYDMTDSDCRDRE — "T{SEQ ID wa: 2

[ PLFEDNMTDSOCR T {5EQ 1L NO: 3 ]
| YFGKLESKLAVIRX T (8E0 ID wor 3Ly
ESRLSVIRNLNDQY (ST ID NO: 32)
VIRNLNDQVLEFIDY (LTZE hinding (SEQ ID NOD: 337 |
epitopel}

NDOVT T1DGGERES, {SE0 ID NO: 34)

[{sEq I0 X07 39)

NRFLEEDMIDSDCR (2EL binding (S0 ID Wo: 367 |
epitope)

EDMTDSDCRONAPR (8EQ ID KO: 37) i
SOCRDNBFPRTIFIT (35¢ Io HO: 38)
[WAPRT.rLiS®YxD e

ITTISMYEDSQFRG ]

[MYKDSQPRGMAVTI

| UFRGMAVTISVECE

| AVTISVKCZKISTL

VECEKISTLOCENA 15EQ ID WO: 4%)
ISTLSCENKIISER [ {SEQ ID WO: &5) |
CRNKITS FREMRER [3EQ 10 NO: 44)

JP 2004-500086 A 2004.1.8
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IS FKEMNEECNIED (SEQ ID NO: 47)
MNIPDNIKDTRSDT (520 ID NO: 449)
NIKDTKSUDIIFEGR NI
K501 IFFORSVEGH T{3ZQ ID NO: 50)
| FFQREVEGHDNRMD ~ {SEQ ID NO: 51)
[ VEGHDWEMOFESSS (SEQ 1D KO: 52)
[NEMQEZESSSYEGYE (SEQ ID NO: 53)
ESSSYSGYFLACEK (EZ0 To RO: S4) |
[EGYFLACBKEEDLE {smQ ID ®0: 53) |
ACEKERDLFKTTLE (3B0 ID HO: S8
RO_FKLLLKKEDEL (30 1D WO: 575
LILKREDELGDRSI {SEQ ID X0: 58) |
EDELGDR 5 LWFTVY (350 ID §0: 59)
DRSTMFTVONE D T (SEQ ID %0: &0y
VFGKLESXLSVIRNLEDQVLFIDQGNRPLFEDMID | (SE0 1D N0: 61) |
SDCRONAFRTIFIISMYKDSQPRGMAVT ISVECEE | LT28 and 2E1
ISTLSCENKIISFKIMNEPDNIKDTKSDIIFEQRS | epitopes
VEGHINENDGTESSSYEGY FLANSEURDLEKLTLKE | indicated in bold
EDELGDRSTMFTVQNSD

The N-terminal eysteine af the IL-18 peptide vepresented by SEG D NO: 2 is
not part of the native IL-18 sequence, but was added ns a conjugation site. Accerdingly,
within the native IL-18 amine acid scquence, the region corresponding to the selected
epitope comprises amino acid residues having the amino acid sequence
PLFEDMITISDCROGNA (SEQ I NC: 1),

A schematic model of tho 1L-18 peptide (SEQ IDNO: 1) complexed with the
IL-18 receptor is shown in Figure 2, with this peptide epitope indicated in dark axay.

Subsequent antigenicity calculations were perfornmed on IL-18 peptide
saquences, with the result that this peptide scored particulacly bighly. This peptide was
synthesized and vsed as an epitope to generate antibodics i1 a rabbit host. Molecular
modeling data abtained using the IL-18 peptide PLFERMTDEDCRDNA (SEQ ID NO:
1) ot YFGKLESKLSVIRM (SEQ ID NO: 31} as compared to a cognate receptor, Le.,

JP

2004-500086 A 2004.1.8
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the IL-18 receptor, as depicted in Figures 2 and 3, provides an indication as to what
residues # neulralizing antibody or compound may fnteract with,

An alternative method for peptide epitope selection can be accomplished in the
absence of any molecular modeling by screening a panel of representative peptides using
immunoselection. In one approach, overlapping peptides representative of the entire
protein seguence can be used. Tn a more limited approach, only certain cpitopes are
represented in the panel of peptides. In 2 combined approach, moleeular modeling can
be uswd to identify epitopes likely to be important, The identificd epitope(s) sequence
can then be uscd 1o construct a panel of peptides (e.g., overlapping peptidos) that are
represeqtative of the identified epitope(s). Methods for manutecturing desited peptide
sequences can be carried out using standuard techniques known io the art.

Onee the binding peptide or peptides (e.g., pancl of overlapping peptides) has

Teen selectad, an immunasereen for a copnate receptor can be performed. Alternatively,

an immunnscreen can be performed with a selected cognate receptor such that a peplide
having a certain binding affinity can be identified. Any number of immunoscreons can
be employed such that, <ither a desired recepior or desired peptide can be identified as a
candidate binding molceule for further study. Such “hait” and “prey™ techmiques for
analyzing protein-protein Interactions, for identifying candidate biding molecules, andfor
for scoring binding affinities arc described In the art. One preferred technique utilizes

phage display as described herein,

Anti-IL-18 Anfibodies

The invention provides antibodies, as well as antibody portions thereof, that bind
TL-18. Preferably, the entibodies, or portions thereof, are isolated antibedies.
Preferably, the antibodies, or portions thereof, are neutralizing antibodies.

The term “antibody", ac used herein, is intended 10 refer to immunoglobulin
molesules comprised of four polypeptide chains, two heavy (IT) chains and twe light (L)
chains intet-connecied by disulfide bonds. Fach heavy chain is comprised of 2 heavy
chain variable region (abbreviated herein as HCVR or VH) and a heavy chain constant
region. The heavy chuin constant repion is comprised of three domains, CH1, CHZ aud

CH3. Each light chain is comprised of a light chain variable region (abbrevialed herein
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as LCVK or VL) and a [ight ¢hain constant region. The light chain constant region is
comprised of one domain, CL. The VELand VL regions can Ik further subdivided into
regions of hypervariability, termed complementarity determining regions (CDR),
interspersed with regions that are more conserved, termed framework regions (FR).
Each VH axd VL is compesed of three CERs and four FRs, arvanged from aminao-
terminus to carboxy-terminus in the following order: BRI, CDRI, FR2, CDRZ, FR3,
CDR3, FR4.

The teom "antigen-binding pertion” of an antibedy (or simply "antibody
nottion™), as used herein, refers to one or more fragments of an anlibody that retain the
ability to specifically bind to an antigen (e.g, WIL-18). It has been shown that the
antigen-binding function of an antihody can be performed by fragments of a full-length
antibedy. Examples of binding fragments eneompassed within the term "antigen-
Dbinding poriion” of an antibody include (i} a Fab fragment, a monovalent fragraest
cousisting of the VI, VH, CL and CH1 domains; (1) a F(ab'y; fragment, a bivalent
{ragment comprising two Fab fragments linked by a disulfide bridge at the hinge region;
(i) a Fd fragment consisting of the VI and CHI domains; (iv) a Fv fragment consisting
of the VL and VH domains of a single ann of an antibody, {v) a dAb frapment (Ward et
al., (1989) Nuture 341:544-546 ), which consists of @ VH domain; and (vi) an isolated
complementarity determining region (CDR). Furthenmore, although the two domains of
the Fv fragmeent, YL and VH, are coded fo.r by separate genes, they can be joined, using
recotnbinant methods, by a synthetic linker that enables them to be made us a single
protein chain in which the VL and ¥H regions pair to form. monovalent molecules
(known as single chain Fv (scFv); see e g, Bird et al. (1988) Seience 247:423-426; and
Huston. et o, (1988} Proc. Nawl. Acad. Sci. US4 85:5879-5883) . Such single chain
anlibodies arc also intended to be encompassed within the term "antigen-binding
portion" of an antibody. Other forms of singla chain antibodies, such as dishodies are
2lse encompassed. Diabodies are bivalent, bispecific antibodics in which VH and VL
domains arc expressed on a single polypeptide chain, but using u linker that is too shart
to allow for pairing botwecn the two domains on the same cliain, thereby forcing the

domgins to palr with complementary domains of another chain and creating twoe antigen

JP 2004-500086 A 2004.1.8
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binding sites (see e.g., Holliger, P., ef od. (1993) Proc. Natl. Aced. Sci. US4 90:6444-
6448; Poljak, R.J., & al. (1594) Seeucrure 2:1121-1123).

Still further, an aniibody or antigen-binding portion thereof may be part of o
larger immuncadhesion melecules, forraed by covalent or poncovalent agsociation of the
antibody or sntibody portion with ane or mere other proteins or peptides. Examples of
sch inumunoadhesion molecules include use of the streptavidin core repion to make 2
tetrameric scEv molecule (Kipriyanov, S.M., et al. (19%5) Human Antibodicy crd
Hybridomas 6:93-101) and use of a cysteinc residue, a marker peptide and a C-terminal
polyhistiding tag to make bivalent and biotinyleted scl'v molecules (Kiprdyanov, S.M., ef
al. (1994) Mol Inmamol. 31:1047-5058). Antibody portions, such as Fab and Fab)z
fragments, can bc propared from whole antibodies using conventioiral techniques, sach
a3 pupain o pepsin digestion, respectively, of whole antibodies. Moreover, antibodies,
antibody portions and immunoadhesion molecnles can be obtained using standacd
recombinast DNA techniques, as described herein.

An "isplated antibody”, es used herein, is intended to refer to an antibody that is
substantially free of other antibodies having different antigenic specificities (e.g., an
isolated antibody that specifically binds bil-18 is substantially free of sntibodies that
specifically bind antigens other than hiL-13}). An isclated antibody that specifically
binds hiL-18 may, however, have cross-reactivity {o other antigens, such as IL-18
molceules from other species. Moreover, an isolated antibody may be substantially [ree
of other cellulur material andfor chemicals. Further, an isolated antibody, e.g., an
isolated human antibody, can be a chimeric antibody wherein, ¢.g., variable regions,
CDR domains, ot isotypes derived from a different hurnan source are grafied to the
parent human antibody.

A “compound” as used herein, refers to binding molecules such as anibodies,
e.g.. polyclonal antibodies, monnclonal antibodies, binding fragments thereof (e.g., Fab
fragments), single chain antibodies (e.g , scFv), peptides or peptide mimetics, as well as
nop-peptids bassd molecules, sueh as swall moleculss having lgand binding activity.

A "neutralizing antibody™, a5 used herein {or an, "antibody that neutcalized hif-
18 activity™), is intended to refer to an antibody whose binding to hIL-18 results in

inhibitien of the biclegical activity of hIL-18. This inhibition of the biological activity

JP 2004-500086 A 2004.1.8
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of hIL-18 can be assessed by measuring one or mere indicators of hiL-1% biological
activity. These mdicaiors of hIL-18 bielegical activity can be assessed by one or more
of several standard ir vitro or {# vive assays known in the art.

The term "surface plasmon resonance”, as used hersin, refers to an optical
phenomenon that allows for the analysis of real-time biospecific inteructions by
detection of alteratjons in protein concentrations within a biosensor mairix, for example
using the BlAcore system (Pharmacia Biosensar AB, Uppsala, Sweden apd Piscataway,’
NI}. For further descriptions, see Jansson, U, et af. (1993) 4w, Biol. Clin. 31:19-26;
Jonsson, U, er al. (1991} Biotechnigues 11:620-627; Johnssan, B., er ol {1995} J. Mal,
Recognii. 8:125-131; and Johnnson, B., ef af. (1991) Anal. Biochem. 198:268-277.

The ter "Ko "', as used herein, js intended to refer to the off rate constant for
dissociation of an antibody from the antibody/antigen complex.

The term "K ", as used herein, is infended Lo refer to the dissociation constant of
a particular antibody-antigen interaction

[n one aspect, he invention pertains 1o an isolated antibady, or an antigen-
binding portion thereof, that binds an epitope of human JL-18 comprising amino acils

LIEDMTDSDCRDNA (SEQ I NO: 1) or VIRNLNDQVLFIDQ (SEC 1D NO: 333,
ar a portion of any of these epitopes. Preferably, the ardibody 1s 2 neutralizing antibody.
Freferably, the antibody is & human antibody. In various embodiments, the antibody is a
recombinant antibody or 2 smongclonal antibedy.

[ other embodiments, the isolated antibody, or antigen-binding porion thersof,
binds to an epitope of humen IL-1§ comprising amine acids PLEFEDMTDSDCRDMA
(SEQ 1D NO: 1), wherein the antibody, or antigen-binding portion thereof, dissociates
from hurnan [T.-18 with a kg rate constant of 0.1 or kess, as defermined by surface
plasmon resouance, or which inlibits humen IL-18 activity with an [C,, of 1 x 10°M or
less. Altermatively, the antibody, or an aotigen-binding pottion thereof, may dissociate
from human [L-1 8§ with a k,; rate constant of 1 x 1025 or less, as determined by suface
plasmon reseizence, or may inhibit human IL-18 activity with an 1C;, of T x 107M or
less. Alternatively, the antibody, or an antigen-binding pertion thereof, inay dissociatc
from hurman [L-18 with a I, rate constant of 1 x 1037 or Jess, as determined by swrface

plasmeon resenance, or may inhibit human IL-18 activity with an TCq, of T x 1074 or

JP 2004-500086 A 2004.1.8
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less. Alternauvely, the untibody, or an antigen-binding portio thereof, may dissociate
from human TL-18 with a k 4 rate canstant of 1 x 107" or less, as determined by surface
plasmen resonance, or may inhibit buman [L-18 activity with an IC,, of 1 % 10°M or
less, Alternatively. the antibody, or an antigen-binding portion thereof, may dissociate
from human TL-18 with a k, rate constant of 1 x 10%5" or less, as determined by surface
plasmon resonance, or may inhibit human IL-1$ activity with an 1C,, of 1 X 107"M or
less. Aliematively, the antibody, or an znfigen-binding portion thereof, may dissociaie
from hurnan [1.-18 with a k¢ rate constant of 1 x 10" or less, as determined by surface
plasmon 1esonance, of may inhibit human IL-18 activity with an ICy of 1 % 107" M or

less.

Affinity Matwation of Mentiffed Anti-IL-18 Antibodies

The invention also provides for the (urther modification of an antibody identified
as binding to an IL-18 epitope. The medification of the identified anti-IL-18 antibody is

to muprove binding and/or neulralization activity.

Therapeutic Compositions and Methods for Administering

The inveniion also provides pharmaceutical compositions comprising an
antibody, or antigen-binding portion thereof, of the lnvention and a phurmaceutically
aceeptable eatrler. Tn one embediment, the pharmaceutjcal composition further
comprises at least one additional therapeutic agent for treating a disorder in which [L-18
achivity is detrimental.

The antibodies and antibody-portions of the invention can be inconporated inte
pharmaceutical compositions suitable for administration to a subject. Typically, the
phammaceutical composition comprises an anlibody or antibody portion of the invention
and a pharmaceutically accoptable carrier. As used hercin, "pharmaccutically zcceptable
carriet” ncludes any and all solvents, dispersion media, coatings, antibacterizl and
antifiingal agents, isotonic and absorption delaying agents, und the like that age
physiologically compatible. Examples of pharmaceutically acceptable carriers include
onc or more of waler, saline, phosphate butfered saline, dexirose, glycerol, ethanol and

the like, as well as combinations thereof. In many cases, it will be preferable to include



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(62)

W) 0158956 PCTAISN/4170

20

30

_on-

isotonic agents, for example, sugars, polyaleohols such as mannitol, sorbitol, or sodium
chloride in the composition. Pharmaceutically aceeptable carriers may further comprise
miner amounts of auxiliary substances such as wetting or emulsifying agents,
preservatives or buflers, which enthance the shelf life or effectiveness of the antibody or
antibody pontion.

The antibodies and antibody-portions of the invention can be incorperated into a
phammacsulical composition suitable for parenteral admidistration. Preferably, the
antibady or antibody-pertions will be prepared ay an injectable solution containing 0.1-
250 mg/ml antibody. The injectable solution can be composed of either 4 liquid or
Ivuphilized dosage form in a flint or amber vial, ampule or pre-filled sytinge. The buffer
can be I.-histidine {1-53¢ mM), optimally 5-10 mM, at pH 5.0 fo 7.0 foptimally pH 6.0).
Other suilable buffers include bui are not limited to, sodivm succinate, sedium citrate,
sodiumn phosphate or potassium phesphate. Sodium chioride can be used 1o modify the
toxicity of the solution at a concentration of 0-300 mdd (eptimally 150 mM for & liguid
dosage [orm). Cryeproteciants can be included for a lyophilized dosage forn,
principalty 0-10% sucrose (optimally 0.5-1.6%). Other suftable cryoprolectants inciude
trehalose und lactose. Bulking agents can be included for a lyophilized dosage form,
principally 1-10% mannitol (optimally 2-4%). Stabilizers van be used in both liquid and
lyophilized dosage forms, principally 1-50 mM 1.-Methienine (optimally 5-10 mM).
Other suitable bulking agents lnclude glycine, arginine, can be ineluded a5 6-0.05%
pelysorbaie-20 (optimally 0.005-0.01%4). Additional surfactants include but are not
limited to pelysorbate 20 and BRLJ surfactants.

The compositions of this Invention may be in & vanety of forms. These include,
for example, liquid, semi-solid and solid dosage forms, sueh as Hguid solutions {e.g.,
injectable and infusible solutions), dispersions or suspensions, tablets, pills, powders,
liposounes and suppositories, The preferred form depends on the intended mode of
administration and therapeutic application. Typical preferred compositions are in the
form of injectable or intusible selutions, such as compositions similar to thoss used for
passive iminunization of humans with other antibodies. The preferred mode of
administration is parenieral (¢.g., intravenous, snbeutaneous, inraperitoneal,

intramuscular), In a preterred embudiment, the antibody is administered by intravenous

JP 2004-500086 A 2004.1.8
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infusion or injection. In another preferred embodiment, the antibady is administered by
intrammscular or subcutaneous igesion,

Therapeutic compositions typically must be sterile and stable under the conditions
of nzanufacture and sloxage. The composition can be formulated as a solution,
microcmuision, dispersion, liposome, or other ordered siructure suitable to high drug
concenfration. Sterile injectable solutions can be propared hy incorporating the aclive
compomd (e, antibedy or antibody podion) in the required amournt in an apprepriate
salvent with one or a combination of ingredients enumerated above, as required, followed
by fllicred sterilization. (encrally; dispersions arc prepared by incorporating the active
compound nte a sterile vehicle thut conlains a basic dispersion medium and the required
other ingredicnts from those enumerated above. In the case of stexile, lyophilized powders
for the preparation of sterile injectable solutions, the preferred methods of preparatian ave
vagimm drying and spray-deying that yields a powder of the active Ingredient plus any
additional desired ingredient from a previously sterile-filtored solution thereof. The
proper flwdily of a selution van be maintained, for example, by the use of & coating such
as lecithin, by the maintenance of the required particle size in the case of dispersion amd
by the use of surfactants. Prolongad absomption of injectable compositions can be brought
about by including in the compesition an agent (hat delays absorption, for example,
monostearate salts and gelatin.

The antibodies and antibody-portions of the present invention can be administered
by a variety of methods known in the art, although for many therapeutic applications, the
preferred route/imode of administration is sabcutaneous injection, intravenous injection or
infusion. As will be appreciated by the skilled artisan, (he route andfor mode of
administration will vary depending upon the desired results. In eerlain embodiments, the
aclive compound may be prepared with a cartier that will pretect the compeund against
rapid release; such as a controlled selease formulation, ncleding implants, transdermal
patches, and microencapsulated delivery systoms. Riodegradable, biocompatible
polymers can be vsed, such as ethylene vinyl acetate, polyanhydrides, polyglycolic acid,
collagen, polyorthoesters, and polylactic acid. Many methads for the preparation of such

formulaticns are patented or genexally known to thoss skilled in the art. See, eg,
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Sustained and Controtled Release Drug Delivery Sysfems, 1.R. Robinson, ed., Marcel
Dekker, Inc., New York, 1978,

In cortain embodiments, an antibody or antibady portion of the invention may be
orally administered, for cxample, with un irert diluent or an assimilable edible carrier,
The compound {and other ingredients, if desired} may also be enclosed i a hard or soft
shell gelatin capsule, compressed into tablets, or incorparated divectly into the subject's
dict. For oral therapentic administration, the compounds may be incorporated with
excipients and used in the form of ingestible iablsts, buccal tablsts, troches, capsules,
elixivs, suspensios, sycups, wafers, and the like, To adininister u compound of the
invention by ather than parenteval administration, it may be necessary to coat the
compound with, or co-administer the compound with, 8 matenial fo prevent its
inactivation.

Supplementary active compounds can also he incorporated into the
eompaositions. e cortain embodiments, an antibody ot antibedy pertion of the invention
is cotornmiated with and/or coadministered with one or more additional therapeutic
apents that are uselul for treating disorders in which 1L-18 activity is detrimental. Tor
example, an anti-hIL-18 antibody or antibody portion of the invention may be
coformulated and/or coadministerad with ane or wore additional entibodies thet bind
other tarpets (e 2., aotibodies that bind other egtokdnes or thal bind celi siwface
molecules). Fuarthermore, one or more antibodies of the invention may be used in
combination with two or more of the toregoing therapentic agents. Such combination
therapies may advamtapeously utilize lower dosages of the administered therapeutic
agents, thus avoiding possible toxicilies or complications associated with the various

inonotherapies.

Therapeutic Uses
Intetteukin 18 plays a entical rele in the pathology associated with o variety of

discases involving immune and inflanenatory elements. These diseases inelude, but are
not limited 1o, rheumatoid arthritis, osteqarthritis, juvenile chronic atthritis, Lyme
arthritis, psoriatic arthritls, reactive arthritis, spondyloartizopathy, systemic lupus

erythematosus, Crohin's disease, uleerative colitis, inflammatery bowel] disease, insulin

JP 2004-500086 A 2004.1.8
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dependent dizbetes mellitus, thyroiditis, asthma, allergic di . psoriasis, dermatiti

seleroderma, graft versus host disease, organ transplant rejection, acule or chronic
immune disease associated with organ transplantation, sarcoldesjs, atherosclerasis,
disseminated intravascular coagulation, Kawasaki's dissase, Grave's disease, nephrotic
syndrome, chronic fatigue symdrome, Wegener's pranulomatosis, Henoch-Schoenlein
purpures, microscopic vasculitis of the k.id.m:ys, chronic active hepatitis, uvcitis, septic
shock, toxic shock syndrome, sepsis syndrome, cachexia, infectious diseases, parasitic
diseases, acquired immunodeficiency syndrome, acute transverse myelitis, luntington's
chorea, Parkinsen's discase, Alzhcimer's disease, stroke, primary biliary cirthosis,
hemmolytic agemia, malignancies, beart failure, myeocardial infarction, Addison's discase,
sporadic, polyglandular deficiency type [ and polyglandular deficiency type 15, Schmidt's
syndrome, adult {acute) respiratory distress syndromc, alopecia, alopecia areata,
seronegative arthopathy, arthropathy, Relter's discase, peonialic arthropathy, weeralive
colitic arthropathy, entetopathic synovitis, chlamydia, yersinia and salmonella
associated arthropathy, spondyloarthepathy, atheromatous discase/artoriosclerosis,
atopic allergy, autoimmune bullous disease, pemphigus vulgaris, pemphigus foliaceus,
pemphigoid, lingar JgA disease, autoimmune hasmoelytic anaemia, Coombs positive
haemalytic anacmia, acquired pernicious anacrnia, juvenile pemicious anaemia, myalgic
encephalitis/Reyal Free Disease, chironie mucocutansons candidiasis, giant cell arteritis,
prinzary sclerosing hepatitis, cryptogenic auloimmune hepatitis. Acquired
Innnunodeficiency Disease Syndrome, Acguired Inmrunodeficiency Related Diseases,
Hepatitis C, commen varied immunodeficiency {commeon variable
hypogammaglobulinasmiz), dilated cardiomyopathy, female infertility, ovarian failure,
premature ovarian failure, fibrotic lung discase, cryptogenic fibrosing alveolitis, post-
inflammatory interstitial lung disease, interstitial poeumenitis, connective tissue diseasc
associated interstitial lung diseass, mixed conngctive tissue disease associaed lung
disease, systemic sclerosis assaciated interstitial lung disease, theumatoid arthritis
associaied interstitial lung disease, systemic lupus erythematosus associated hang
disease, dermatomyositis/polymiyositis associated lung disease, Sjogren's discase
associated lung diseass, ankylosing spondylitis associated lung disease, vasculitic

diffuse lung discase, hacmosiderosis assoviated lung dizeasc, drug-induced interstitial

JP 2004-500086 A 2004.1.8
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lung disease, radialion fibrosis, bronchiolitis obliterans, chronic eosinephilic pnewmonia,
Iymphocytic infiltrative lung disease, postinfeetions interstitial lung discase, gouty
arthritis, autoimnrune hepatitis, type-1 autoimmune hepatitis (classical antoimmune or
fupoid hepatilis), type-2 antoimmune hepatitis (anti-LIK.M antibody hepafitis),
autoimmune mediated hypoplycaemis, lype B insulin resistance with acanthosis
nigricans, hypoparathyreidism, acutc immunc disease assoctated wilh organ
trapsplantation, chronic immune disease associated with organ transplantation,
nstenarthrosss, primary sclerosing cholangitis, psoriasis type 1, psoriasis type 2,
idiopathic leucapaenia, autoimmunc neutropaenia, renal disese HOS,
glomerulenephritides, microscopic vasuliiis of the kidneys, Lyme discese, discoid lupus
crythematosns, male infertility idiopathic or WOS, sperm autoimmunity, multiple
sclerosis (all subtypes), sympathetic ophthalmia, pulmonary hypertension secondary to
connective tissue disease, Goodpasture's syndrome, pulmonary nanifestation of
polyarteritis nodosa, acute thoumatic fever, thoumatoid spondylitis, Still's disease,
systemic selerosis, Sjdgren's syndrome, Takayasu's diseasc/arteritis, autoinmnune
thrombocytapaenia, idicpathic thromboeytopacnia, autoimmune thyroid disease,
hyperthyroidism, goitrous autoimmune hypothyroidism {(Hashimoto's discase), atrophic
autoimmune hypethyroidism, primary myxoedems, phacogenic uveitls, primary
vasculitis and vitiligo. The human antibodies, and antibedy portions of the invention can
be used to treat humans suffering fom autobrnune diseases, in particular those
associated with inflammarion, including, rhevmatetd spondylitis, allerzy, autoimmune
diabetes, autolmamune uveitis, acuie liver disease, chronic liver diseases, allergy and
asthma, mental disorders (e g, depression and schizophrenia), and T'h2 Type and Thl
Type mediated diseases.

Preferably, the antibodies of the invention or antigen-binding portions thereof,
are used to treat rhewmatoid artheitis, Crohn’s disease, multiple sclerosis, msulin
dependent diabcics, mellitus, and psoriasts.

An anfibedy, or antibody portion, of the invention alse can be administered with
one or more additiona) therapeulic agents useful in the reatment of autoimmunc and

inflammatory diseases.
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Antibodjes of the invention, or antigen hinding portions thereof can be used
alone or in combination to treat such diseases. It should be understood that the
anitbodies of the invention or antigen binding portion thersef can be used alone or in
combination with an additional agent, e.2., a therapeutic agent, said additional agent
being selected by the skilled artisan for its intended purpese. For example, the
additional agent can be a therapeutic agent ari-recognized as being nseful to treat the
disease or condition being treated by the antibudy of the present invention. The
additional agent also can be an agent which imparts & henefictal attribute w0 the
therapeutic compasition e.g., an agent which effects the viscosity of the composition.

1t should further be understood that the combinations which ure to he included
within this invention are thise combinatiens useful for their intended purpose. The
aeents set forth below are ilustrative for pusposes and not intended to be fimied . The
combinations which arc pari of this invention can be ilre antibodies of the present
irvention and at least one additivnal agent selecied from the lists below. The
combination can, alse include mere than one additional agent, e.g., two or three
additional agents if the combination is such that the formed composition can perform its
intended functicn.

Proferred combinations are non-sterotdal anti-inflammatory drug(s) also referred
to as NSAIDS which include drugs like tbuprofen. Other prefered combinativas are
carticosteraids including prednisolone; the well known side-effeets of steroid use can be
reduced or even eliminated by tapering the steroid dose required when treating, patients
mn combioation wilk the anti-IL- 18 antibodies of thds invention. Mon-limiting examples
of therapeutic agents for rthewmatoid arthritis with which an antibedy, or antibedy
portion, of the invention can be combined inciude the following: cytokine suppressive
anti-inflammatory drug(s) {CSAIDs)Y, aniibodies fe vt antagonists of other humar,
cytokines or growth factors, for cxample, TNF, LT, 1L-1, 11.-2, TL-6, IL-7, IT.-§, TL-12,
IL-15, IL-16, EMAP-IL, (GM-CSF, FGF, and PDGE. Antibodies of the invention, or
antigen binding portions thereof, can be combined with antibodies to cell surface
molecules such as CD2, CD3, CD4, CN§, CN25, CD28, CD30, CD44, CD4S, CDES,
CD80 (B7.13, CD84 (B7.2}, €D9C, or their ligands including CD154 {gp3% or CD40L).

JP 2004-500086 A 2004.1.8
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Preferred combinations of therapeulic apents may interfere at different points in
the aufoimmune and subsequent inflamumatory cascade; preferred examples include TNF
antagonists like chimén'c, humanized or human TNF antibodies, D2E7, (PCT
Publication No. WO 97/20131), CA2 (Remicade™), CDIP 571, and soluble pS5 ot p75
TNF receptors, dedvalives, thereof, (75 TNFRIgG (Enbrel™) or p351INFR1g(G
(Lenercept), and also TNFo converting enzyme (TACE) inhibiters; similarly [L-1
inhibitors (Interleukin-]1-converting enzyme inhibitors, IL-1EA efc.) may be effective
for the same reasen. Other prefurred combinations include Interleukin 11, Yot another
preferred combination are othet key players of the autoimoune response which may act
parallel to, dependent on or in concert with IL-18 function; especially preferred are IL-
12 antagonists including IL-J 2 antibodies or suluble IT-12 receptors, or IL-12 binding
proteins. It has been shown that IL-12 and IL-18 have overtapping but distinct funciions
and a combination of antagonists to both may be most effective. Yet another preferred
combination arc non-deplcting anti-CD4 inhibitors. Yet other preferred combinations
inelude antagenists of the co-stimululory pathway CUSG (B7.1) ar CDS6 (B7.2)
including antibodies, soluble receptors or antagonistic [gands.

‘The antibodies of the invention, or antigen binding portions thereof, may alse be
combined with agents, such as meithotrexate, 6-MF, azathiopring sulphasalazine,
mesalazine, olsatazine chloroquinine/hydroxychloreguine, pencillamine, aurothiomalate
(intramuscular and oral), azathiopiine, cechicine, corticosteroids {oral, inhaled and local
injection}, beta-2 adrenorcceptor agonists (salbutamol, terbutaline, salmeteral), xanthines
{theophylline, aminophylline}, cromoglycate, nedocromil, ketotifen, ipratroprum and
oxitrepium, eyclosporin, FKS06, rapamyein, mycophenolate mofetil, leflunomide,
NSAIDs, for exaropie, ibuprofen, cox-2 inhibitors, cox- 2 selective inhibitors (e.2.,
rofecoxib (VIOXX™: Merck & Co,, Inc.)) cotticosteraids such as predaisolone,
phosphadiesterase inhibitors, adensosine agonists, antithrombetic agents, complement
inhibitors, adrenergic agents, agents which interfere with signailing by proinfammatory
cytokines such as TNFo or IL-1 {(e.g IRAK, NIK, IKEK | p38 or MAP kinase inhibitors),
[L~18 converting enzyme inhibitors, TNFe converting enzyme {TACE) inhibitors, T-

cel} sigralling inhibitors such as Xinase inhibitors, metatloproteinase inbibitors,
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sulfasalazine, azathioprine, 6-mercaptopurines, angiotensin converting enzyme
inhibitors, soluble cytokine reeeptors and derivatives thercof (e.g. soluble p35 or p75
TNF raceptors and the derivatives p75TNFRIgG (Enbrel™ and p33 TNYRIRG
T .enercept)), sSTL-1RI, sIl-1RIL, sIL-6R) and antiicflammatory cytokines (e.g L4, 11
10, 3L-11, IL-13 and TGFP). Preferred combinations include methotrexaie or
leflunomide and in moderate or severe rheumatoid arthritis cases, cyclosporine.
Noa-limiting examples of therapeutic agents for inflammatory bowel discase
with which an antibudy, or antibody portion, of the invention can be combined include
the fallewing: budenoside; cpidermal growth factor; cortivesteroids; cyclosportn,
sulfasalazine; aminosalicylates; 6-mercaptapurine; azathlopring, metronidarole;
lipoxygenase inhibitors; mesalamine; vlsalazine; balsalazide: antioxidants; thromboxane
inhibitors; IL.-1 receptor antagonists; anti-1L-15 monoclonal antibodics; anti-f] -6
monoclonal antibodies; growth factors; elastase inbibitors; pyndinyl-imidazole
compounds; antibadies to or antagonists of other human eytokines or growth factors, for
example. TNF, LT, [L-1, I1.-2, 116, IL-7, [L-8, [L-12, IL-15, IL-16, CMAP-IL, GM-
C8F, FGF. and PDGF. Antibodies of the invention, or antigen binding portions thereof,
ran be combined with antibedies to cell surfuce molecules such as €D2, CD3, CD4,
CDg, CD235, CD28, CN30, CD40, CN4 3, CDEJ, CH90 or their ligands. The antibodies
of the invention, or antigen binding portions thereof, may alse be combined with agents,
such as methotrexate, cyclogporin, FES06, rapamycin, mycophenolate moletl,
lellunomide, NSAIDs, for example, ibuprofen, cotticosieroids such as prednisolone,
phosphiodiesterase inhibllors, adenosine agenists, antithrombotic agents, complement
inhibitors, adrenergic agents, agenis which interfers with signalling by proinflammatory
eytokines such as TNFe or I1.-1 {e.g TRAK, NIEK, IKK, p38 or MAF kinasc inhibitors),
IL-1[ comverting enzyme inhibitors, TNFo. converling enzymse inhibitors, T-cell
signalling inhilvitors such as kinase inhibitors, metalloproteinase inhibitors,
sulfasalazine, azathioprine, G-mcrcaptopucines, angiotensin converting enzyme
inhibitors, saluble cytokine receptars and derivatives thereof (e.g. soluble p35 or p73
'FNE receptors, sIL-1R], s1L-1R1L, ¢IL-6R) and autiinflammatory cytokines (e.g. -4,
1E-10,10.-13, TL-13 and FGFR).
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Praferred examples of therapeutic agents for Crohn's disease in which an
antibody or un antigen binding postion can be combined include the following: TNF
antagonists, for example, ant-TNF antibadics, D2E7 (PCT Publication No. WO
97/29131), CA2 (Remicade™), CDP 571, TNFR-Tg constructs, (p7STNFRIgG
(Enbrel™ and pSSTNFRIzG (Lenercept)) inhibitors and PDE4 inhibitors. Antibodies of
the invention or antigen binding portions thereof, can be combined with corticosteraids,
for example, budenoside and dexamethasone. Antibedies of the invention or antigen
binding portions theteof, may also be combined with agents such 25 sulfasalazine, 5-
aminosalicylic acid and olsalazine, and agenis which interfere with synthesis or action of
proinflammatory cytokines such as IL-1, for example, IL-1$. converting enzyme
inhibitors and [L-Tra. Antibodies of the invention or antigen binding pertion thereof
may also be used with T cell signaling inhibitors, for example, tyrosine kinase inhibitors
$-nercaplopurices, Antibodies of the invention or antigen binding poriions thereof, con
be combined with IL-11.

Non-limiling gxamples of therapeutic agents for multiple scleresis with which an
antibody, or antibady portion, of the invention can be combined include the following:
corlicosteroids; prednisolone; methylprednisolone; azatoprine; cvelepbosphamide;
cyclosporine; methotrexate; 4-aminopyridine; tzaniding; interfoon-fia (Avousx;
Biogen); interferon-p1b {Betaseron; Chiron/Berlex), Copolymer 1 (Cop-1; Capaxone;
Teva Pharmacentical Industries, Inc.); hyperbaric oxygen, intravenous immunoglobuling
clabribine; antihedies to or anfagomsts of other human eytokines or growth factots, for
esxample, TNF, LT, IL-1, 112, YL-6, [L-7, 1L-8, TL-1Z, IL-15, TL-16, EMAP-[1, GM-
CSF, FGF, and PDGF. Antibodies of the invention, or antigen binding portions thereof,
can be combined with antibodics to cell surface molecules sheh as C02, CD3, €4,
CD8, CD25, CD28, CD3G, CD40, CD45, CDED, CDED, CD36, TDIL or their ligands.
The antibodies of the invention, or anligen binding portions thersof, may also be
combined with agents, such as methotrexate, eyelasporine, FK506, rapamycin,
myecophenolate mofetil, leflunomide, NSAIDs, for example, ibuprofen, corticasteraids
such s prednisolone, phosphodiesterase inhibitors, adensesine agonists, antithrombutic

agents, complement inhibitors, adrencrgic agents, apents which interfere with signalling
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by proinflammatory cytokines such as TNFe or IL-1 (e.g. IRAK, NIK, KK, p38 ar
MAP kinage inhibitors), [L-1{ converting enzyme inhibitors, TACE ishibitors, T-cell
signalling inhibitors such as kinase inkibitors, wetalloproteinase inhibitors,
sulfasalazine, azathioprine, 6-mercaptupurines, angiotensin converting enzyme
inhibitors, soluble cytoking receptors and derivatives thereof {e.g seluble pS5 or p75
I'NF recepters, sIL-1RI, sIL-1R1l, sIL-6R) and antiinflanmmatory evtokines (e g. TL-4,
IL-10,TT~13 and FGEP).

Preferred cxamples of therapeutic agents for multiple sclerosis in which the
antibedy or antigen binding pertion thereof can be combined to include interferon-f, for
example, IEN[la and IFNg ih, copaxone, corticosteroids, IL-1 inhibitors, THNF
inhibitors, and antibodias ta CD40 ligand and CD8L.

The pharmaceutical compositions of (he invention may include a “therapentically
effective amount” or a "prophylactically effeetive amovnt” of an antibody or autibedy
portien of the invention. A "therapeutically effective amount” refers to an amount
effective, at dosages and for periods of time necessary, to achieve the desired thecapeutic
result. & therapentically effective amount of the antibody or antibody pertion may vary
aceording to factors such as the disease stale, age, sex, and weight of the individual, and
the ubility of the antibody or antibedy portion te clicii a desired responsc in the
individual. A therapeutically effective amount is also one io which any toxic or
detrimental effects of the antibody or antibody portion are outweighed by (he
therapeutically beneficial effects. A "prophylacticully effective amount” rofors to an
amomt offective, at dosages and for periods of tinge necessary, to achieve (he desired
prophylactic result. Typically, since a praphylactic dose is used in subjects prior to or at
an earlier stage ol disease, the prophylactically effective amount will by [ess than the
therapentically effective amount.

Daosage regitens may be adjusted to provide the optimuin desired response (e.g.,
a therapeatic or prophylactic response). For example, a single bolus may be
administered, scveral divided doses may be administered over time or the dose may be
proportionally reduced or increased as indicated by the exigencics of the therapeutic

situation. It is espectally advantageous fo formulate parenterzl campositions in dasage

JP 2004-500086 A 2004.1.8
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unit form for ease of administration and uniformity of dasage. Dosage unit form as used
herein refers to physically diserete units suited as untary dosages for the mammalian
subjects to be troated, each unit containing a predetermined quantity of sctive componnd
caleulated to produce the desired therapeutic cffect in association with the required
pharmaccutical carrier. The specification for the dosape unit forms of the favention ave
dictated by and directly dependent on (a) the unique characteristics of the uctive
compound and the perticular therapeutic or prophylactc effect to be achieved, and ()
the limitations inhevent in the art of compounrding such an active compoind for the
treaunent of sensitivity in individuals.

An exemplary, non-lititing range for a thevapentically or prophylactically
cffective amount of an antibudy or antibedy portion of the inveation is §.1-20 meg/kg,
more preferably 1-10 mefkg. Tt s to be noted that dosage values may vary with the type
and severity of the condition to be alleviated. It is to be further undersiond that for amy
particular subject, specific desage regimens should be adjusted over time ascording to
the individual need and the professional judgracnt of the person administering or
supetvising the adnuinistration of the composilions, and that desage ranges sct forth
herein are exermnplary only and are not intended to Jimit the scope or pracuce of the

claimed coraposition.

Methods of Making Anti-1L-18 Antiboedics

The anti-I.-18 antibodics of the Invention are made using any one of a variety of
techniques known in the art for proparing antibodies and using antigens comprising the
TL-18 peptide epitope described in subsection I, ie., an epitope of human IL-18
comprising amino acids PLEEDMTISDCRDMNA (SEQ IDNO: 1.

In general, the methods of the nvention for making an antibady hat binds
frunum interleukin-18 (JL-18) invalve:

cxposing an entibody repertoire to an antigen comprising an epitape of
aman IL-18 comprising amine acids PLFEDMTDSDCRDNA (SEQ ID NO: 1), or
portion thereof (e.g., SEQ ID NO: 3 or 33); and

JP 2004-500086 A 2004.1.8
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selecting from the antibody repertoire an antibody that binds the epitope
aF human TL-1§ comprising amine acids PTFEDMTTMDCRDNA (SEQ ID NO: 1), or
portion thereof (e.g., SEQ 1M NG 3 or 33).

I[n one embodiment, the antibody repertoire is an /7 vive repertoire in an animal
and the method comprises immunizing the animal with the antigen comprising the
cpitope of human IL-18 comprising amino acids PLEEDMTDSDCRDNA (SEQ IDNO:
1}. Inanother embodiment, the antibody repertoire i a recombinant antibedy lbrary
and the method comprising screeping the Jibrary with the antigen comprising the epitope
of human {L-18 comprising amine acids PLFEDMTDSDCRIDNA (SEQ ID NO: 1),
Preferably, the library is 2 human antibody library.

Methods for immuniziog an animal with an antigen to thereby raise specific
anfibodics to the antigen are well known in the art. An IL-18 antigen comprising an
epitupe of human IL-18 comprising amino acids PLFEDMTDSDCRDNA (SEQ ID NO:
1) can be administered 1o an apimal to elicit polyclonal antibodies and specific
antibodics that hind the epitepe can be isolated by sclecting from the polyclanal
antibodies those antibodies that bind to the epitope {e.z., by passing the polyclonsl
antisera over a column thet comprises a peptide comprising amino acids
PLEFEDMTDSDCRDNA {SEQ 1D NO: 1) of hIL-18). The antigen used to slicit the
polyclonal antibedies can be intaet (4., full-length) hIT-18 or can be a portion of HIL-[8
that includes the epifope of interest, e.g., a synthetic peptide comprising amine acids
PLFEDMTDSDCRDNA (SEQ ID NO: 1) of hIL-18. Furtherntore, moneclonal
antibodies to the epitope car be made from the aforementioned animals using stapdard
hybridoma technology and selection for those hybridomas secreting an amibody that
specilically binds the epitope of jnterest, e.g, by screening the hybridomas with a
peptide comprising amine acids PLFEDMTDEDCRDNA (SEQ ID MNO: 1} of KIL-18
anl selecting Tor antibodies that bind specifically to the peptide.

In vitro methods also can be used 1o wpalee the antibedies of the invention,
wherein an entibody library is screened to identify an antibody having the desired
binding specificity. Methods for such screening of recombinant antibody libraries are
well k.down in the art and include metheds described in, for example, Ladaer ef of. U.S.
Patent No. 5,223 409, Kang er ¢l. PCT Publication No. W 92/18619; Dower ef af. PCT

JP 2004-500086 A 2004.1.8
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Publication No. WO 61/17271; Winter ef al. PCT Publication No, WO §2/20791;
Marldand er af. PCT Publication No. WO 92/15675,; Breilling e af. PCT Publication
No. WO 93/01288; MeCafferty et of. PCT Publication Mo. WO $2/01047; Garrard et al.
PCT Publication No. WO 92/09690; Fuchs of al. (1991) Bio/Technology 9:1370-1372;
Hay et al. {1992) Hum Anfibod Hpbridomay 3:81-85; Huse ef al. {1989) Science
246:1275-1281; MuCafferty et al., Natree (1990} 348:552-554; Gritfiths ef of. (1993)
EMBO J 12:725-T34; Hawliins er al. (1992) J Mo/ Biol 226:885-896, Clackson ef al.
(1991) Nature 352:624-628; Gram o/ ol (1992) FNAS 89:3576-3580; Garrad ¢ af
(1991} Bio/Technology 9:1373-1377; Hoogenboom et al. (19913 Nuc Aeid Res 19:4133-
2137; and Barbus ef of. (1991) PNAS 83:7978-7982, and PCT Publication No. WO
97/29131, the contents of each of which are incorporated herein by reference.

“I'he recombinant antibody library may be from a subject imniunized with I1L-18,
or a partion of 11.-18 comprising the epitope of anine acids PLEEDMTDSDCRDMA
{SEQ ID Nk 1), Ahernatively, the recombinait antibody Hbrary may be from a naive
subject, #. ., oo wha has not been immunized with IL-18, such as a human antibody
fibrary from a human subjeet who has not been imnunized with human 7.-18.
Antibodies of the invention are seiected by screening the recontbinant antibody library
with the epitope of amina acids PLFEDMTNSDCRDNA (SEQ ID NO: 1) of human IL-
18 to thereby select these antibodies that recognize this cpitope. Mcthods for
copducting such screening and selection are well known in the art, such as described in
the references in the preceding paragraph.

To select antibodies of the ittvention having a particular binding affinity for hlL-
18, the art-Xnown method of surface plasimon resonance can be used. To select
untibodies having a particular ncutralizing activity for hIL-18. standard methods known
in the act for assessing the ithibition of biL-18 aclivity may be used. [n addition,
mothods for inmmunizing mice that have been transgenically altered to encode a human
imruraglobulin repertoire thereby enabling the organism to express fully human
aniibodies i response to an immunogen, arc known in the art (see, .z, U.SP.N.s

5,877,357 and 6,153,584},

JP 2004-500086 A 2004.1.8
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Uses of Anfi-1L-1§ Antibodies

Given their ability to bind to hIL-18, the anti-hIL-18 antibodies, or portions
thereof, of the invention cap be used to deteet hil~18 {e.g., in a bivlogical sample, such
as serum or plasma}, using a conventional immnnoassay, such as an enzyme linked
immunoesorbent assays (CLISA), an radivimmuncassay (RIA) or tissue
immunohistochemistry. The invention provides a method for detecting hIL-18 ina
biolegical sample comprising contacting a biological sample with an antibody, or
aniibody pertion, of the invention and detecting either the antibody (or antibody portion)
bound ta hil.-18 or unhound antibody (ot antibody portion), to thereby detect hiL-18 in
the biological sample. The antibody is directly or indirectly labcled with a detectable
substance to facilitate detection of the bound or unbound antibody. Suitable detectable
substances inclnde various enzymes, prosthetic groups, fluotescent materials,
lnioescent malerizle and radivacéive malerials. Examples of suitable enzymes include
horseradish peroxidase, allaline phosphatase, f-galactosidase, or acetylchalinestorasc,
examples of suitable prosthetic group complexes include strepravidin/iotin and
avidin/biotin; examples of suitable fluorescent materiais include umbelliferone,
flusrescein, fluorescein isothiocyanate, rhodamine, dichlorotdazinylamine fluorescein,
dansyl chloride or phycoerythrin, an example of 2 luminescent material includey
Iuminol; and examples of suitable radioactive matertal include 125‘.[, 13]1, 35S, 32P,
33P, or PH.

Allerative to labeling the antibody, hIL-18 can be assayed in biological fluids
by a competition immunoassay utilizing tilL-18 standards fubeled wilh a detectable
substance and an unlabcled anti-hIL-18 antibody. In this assay, the biological sample,
the [abeled ¢hiL-18 stundards and the anti-hiL-18 antibody arc combined and the amount
of lebeled thil.-18 standard bound to the unlabeled antibody is determined. The amount
of hIL-18 in the biclogical samiple is inversely proportional to the amount of labeled
thil-18 standard bound to tie anii-hI1L-18 antibody.

The antibodies and antibody portions of the invention prefecably are capable of
newtralizing hL.- 15 activity hoth in vifro and in vivo. Accordingly, such antibodics and
antibody portions of the Iavention can be used to inhibit hIT.-18 activity, e.g.. n a coll

culture containing BIL-18, in human subjects or in other mammalian subjects having IL-

JP 2004-500086 A 2004.1.8
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18 with which an antibody of the invention cross-reacts. In one embodiment, the
invention provides a method for inhibiting IL-18 activity comprising coniacting [L-18
with an antibody or antibody portion of the Invention sueh that IL-18 activity is
inhibifed. Preferably, the [L-18 is kuman IL-18. For example, in a celi culture
containing, or suspected of containing hIL-14, an antibody or antibody portion of the
invention can be added to the calture medium to inkibit h1L-18 activity in the culture.

[ another embodiment, the invention provides a methed for inhibiting 1T.-18
activity in a subject suffering from a disorder in which IL-18 activity is detiimenral. The
invention provides methods for inbibiting 1L-18 activity in a subject sufering from sucl
a disorder, which method comprises administering to the subject an antibody or antibody
portion of the invention such that 1L-18 activity m the subject 1s inhibited. Preferably,
the IL-18 is human [L-18 and the subject is a huraan subject. Alternatively, the subject
can be 8 mamnal expressing an IL-18 with which an entibody of the invention cross-
reacts. Still further the subject can be a mammal into which has been introduced hIL-18
{e.&., by admimstration ef hIL-18 or by cxpression of an hll.-18 transgene). An
antibody of the invention can be administered 16 8 human subject for therapeutic
purposes. Moreover, an antibody of the invention can be administered to a non-human
mammal expressing an [1.-18 with which the antibody crogs-reacts for veterinary
purposes of as an animat model of human disease. Regarding the latter, such animal
models may be useful for evaluating the therapeutic efficacy of antibodies of the
invention (z.z., testing of dosages and ime courses of adminisication).

in particular, one animal model for modulating IL.-18 activity in an animal uses
NOD-SCID miee which are ansplanted with hueman peripheral bleod mononuclear
celis. Then, two to four weeks after enpraftment (as measured by human [gG tters in
serom) the mice are injecied with LPS (lipopolysaccharide). Four to six hours later
LFPS-induced human interferon-garaina setwn titers are determined. The efficacy
(potency) of anti-TL-18 antibodies (2.g., TL-18 neutralizing artibodies) is determumed by
injecting the antibodics (ip) one day prior to LP3 challenge followed by monitoring the
test anitnals for a reduction in interferon-gamma serum titers (a tunction of [L-18 ix vive
activity) as compared to controls (see, e.g., Holmes et al., Bybridoma, 19:363367
(2000).

JP 2004-500086 A 2004.1.8
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As vsed hetein, the term "a disorder in wiich I1-18 activity is detrimental" is
intended to include diseases and other disorders in which the presence of IL-18 ina
subject suffering from the disorder has been shown to be, or is suspected of being. cither
responsible for the pathophysiclogy of the disorder or & factor that contributes e a
worsening of the disovder. Accardingly, a disorder in which 1L-18 activity is
detrimental is a disorder in which inhibition of IL-18 activity is expecied fo alleviate the
symptoms and/or prograssion of the disorder, Such disorders may be evidenced, for
example, by an increasc in the conceniration of 1113 in a biological fluid of a subject
suffering from the disorder {e.z., an increase in the concentration of IL-18 in serum,
plasma, synovial fluid, ere. of the subject), which can be detecied, for example, using an
anti-1I.- 18 antibody as described above,

Non-limiting examples of disorders that can be weated with the antibodies of the
invention include those disorders discussed in the section above peraining to
pharmaceutical compositions of the antibodics of the invention.

Other fealures of the invertion will be apparent from the following sxamples

which should not be construed as limiting.

EXEMPLIFTCATION

In general, the practice of the present invention cmploys, unless otherwise
indicated, conventional techniques of chemistry, molecular biclegy, recombinant DMA
technology, PCR technology, immunology (especially, e.g., antibody technology), and
any necessary cell culture or animal husbandry techniques, which are within the skill of
the art and are expleined fully in the literature. See, e g, Sambrook, Fritseh and
Maniatis, Molecular Cloning: Cold Spring Harbor Laboratory Fress (1989); DNA
Cloping, Vols. | and 2, (D.N. Glover, Ed, 1985); Oligonucleotide Synthesis (M.1. Gait,
Fd. 1984); PCR Hundbook Current Protocoly in Nucleic Acid Chemisiry, Beaucage, Td.
John Wiley & Sons (1999) (Editut;); Oxford Handbook of Nucleic deid Structure,
Neidle, Ed., Oxford Univ Press (1999); PCR Protocols: 4 Guide ro Methods and
Applicatiarsy, Innis ef al., Academic Press (1990); PCR Esvenrial Technigues: Essentiof
Technigues, Burtke, Ed., John Wiley & Son Ltd (1996); The PCR Technigue: RT-FCR,
Siebert, Ed., Caton Pub. Co. (1998); Quanrilative PCR Prefocols, Kochanowski ef g/,

JP 2004-500086 A 2004.1.8
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Eds., Humana Press {1999, Clinical dpplicationy of PCR, Lo, Ed., Humena Press
(1998); Amiibody Engineering Protocals (Methods in Moleculur Riofpgy), 510, Pani, 8.,
Humana Pr {1996}, Antibody Engincering: A Practical JApproach (Proctical Approach
Series, 169), MeCafferty, Ed., 1rl Br (1996}, dmibodies: A Laboraiory Manugi, [ladlow
et af, C.S.H.L. Press, Pub. (1999); Current Protovels in Moleculor Binlogy, eds.
Ausﬁbel ef al, Joln Wiley & Sons {1992), Large-Svale Mammalian Cell Cdture
Technology, Lubiniecki, A, Fd., Marcel Dekker, Pub., (1990); and Meanipalaring the
Munise Embrya, Hogan et al., C.8.H.T.. Press, Pub (1994).

Throughout the examples, uiless otherwise indicated, the above materials and

methods were used.

EXAMPLLE 1
ISOLATION OF ANTI-TL-18 ANTIBOIHES

Aniibodies to HIL-18 were isolated by screening soparate scFv phage display
Itbraries prepared using human VI, and VH cDNAs from mRMNA. derived from human 3
uells (e.2 . lonsils and epleen). Construction of the library and methods for sclection are
deseribed In Vaughan ot al. (1996} Noture Biorech. 14: 308-314.

The libraries were screened using either full length human TL-18 (SEQ 11 NCx:
61}, a peptide spilope of IL-18 (SEQ 1D NOS: 1-3), or a panel of ovetlapping 15 amino
acid peptides representing TL- 18 (the epitepe sequence of which is presented m Table 5,
SLQ ID NOS: 31-60). IL-18 specific antibodies were selected by coating the antigen.
anto immunotubes using standard procedures (Marks et al., (199131 Mel, Biol. 222:
581-597). The scFv libratics were scroened using either TL-18, a peplide epitope of IL-
18, or an 1L-18 peptide panel to generate a significant number of IL-14 specific binders,
Several different clonotypes were selected, determined by restriction enzyme digestion
pattems, and confirmed by DINA sequencing.

Ip order to identify [L-18 antibodies which preforcatially bind either full length
IL-18 ar a representative peptide thereof, the supematant containing scFy was titrated on

brotin-captured IL-18 in 20 ELISA and binding cheracteristics were determined.
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Two anti-1L-18 single chain antibodies were obtained, one termed 2E1,
independently isolated using = peptide epitope and the peptide panel, and a second anti-
IL-18 antibody termed LT28, isolated using full length IL-18. These parent anti-1L-18
antibadies wers selected fos farther study and modification.

EXAMPLE 2
AFFINITY MATURATION OFF AN ANTI-18 ANTIBODIES
A sing!e chain Fv version of antibady 2E] having an identificd TL-18 binding

activity and the heavy chain und light chain sequence shown in Table 6 wus further

modified for impraved neutralization of IL-18 activity.

Table 6. Seqguence of Single-Chain Anti-iL-18 Antibody 2E1

2E1 Heavy Chain
{SEQ ID HO: 1B}

CDR1 (SEQ ID RO: %)
OVOLVQSEAEVEKPGASMKYVSCKTSCYTFIGIY IHWVRQARGQGFEWL

CDR2 (SEQ ID NO: 10} CDR3 (SEQ ID WO: 11)
GRINETTGDANFARKFQLEVALTRDTS ISTAYLOLDSLESDDTAVY Y CAGKEGANGOG
TLVTV3S

JP 2004-500086 A 2004.1.8
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Table 6. Sequence of Single-Chain AntidL-18 Antibody 2E1 (Continued)

2E1 Light Chain
(SEQ ID NO: 19)

CDR1 (SEQ ID WO: 12} CDRZ (SEQ ID NO: 13
SSRLIRDPAVSVALGOTVRITCQEDSLRAFYPHWY QOKPGOAPVLVI Y GKNNRPS

CDR3 (SEQ ID NO: 14)
GIPDRF3GIGSGNTGSLTITGAOAEDEADY Y COSRDSSEIHVYFGGETKVIVLG

The anti-I1-1& antibody 2E1 was independently selected using an I1.-18 peptide
and sequential, overlapping, peptide panel representative of {[.-18 (seze Tabie 6).

The specific amine acid residues of the heavy chain variable region selected for
mutagencsis arc summarized in Table 7. Ta particular, with respect to the heavy chain
region, individual amine acid substitutions were tested at postiions H30, H31, H32, H33,
and H335 o CDRU, positions H52, H52a, H33, H34, H56, and H38 of CDR2, and HS,
H96, HY7, and HYS of CDR3.

With regards to hight chan amino acid residues selected for mutagenesis,
individual amino acid substitutions were tested at positions £.30, L31, 132, and 1.34 of
CDR], positions 150, L52, L33, and 1.55 of CDR2 and positions 1.89, 1,99, L.91, 1.92,
193,194, L5, LY5a, L95h, L6, and L7 of CDR. 3,

JP 2004-500086 A 2004.1.8
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Table 7. Heavy Chaln Amino Acid Substitutions Introduced Into 2E1

Heavy Chain Mutations ]
CDR { Kabat substituted resijdue

Position

R

H30 AN D, C GILLEP, S, ar vV —
H31 ACHST Loy )

E—[sz R, N,C,HEF,3,0or T T
EH MN.D, ¢, Q. H, L M,F,5,0 ¥V

[H3s N,D,L.orF - 1
icnnz -
[Eﬂ T

H52a R,Q.L. 5, T,or W T
: Hs3 AR N LP, S or Y T
'1i54 ARND QLK MP,S,orY ]
|H% TARNCGILL Lotk T
T H58 ARQERLLEMES.T.YFLS W Y,arv |
CDOR3 - n
Hos AREQS Y, V,EPW ol T

RE AR QS Y, VAP, WorC

97 &KQQ&nmmEWEE*_“_“___i
Tiog Kn@&muanmﬁﬁwg_"‘_m“i:j

Table 8. Light Chain Amino Acid Substitutions Intraduced Inte 2E1

rlﬁhit‘bhain Mutations - —|

CDR / Kabat
Position

I substituted residue

JP 2004-500086 A 2004.1.8
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W TR AL W e
31 RNDGGHLLEST oY R
L32 EWD.EGLLPE T oY
L34 T AR D ENLLEMEES T, VoY
|CDR2
I ANLLFEPSW YoV
Ls2 ARDILHLLMLEEST oV
153 ARGCLLEDMPS ol
1.55 AR NDCGHLLS TTorY o
CDR3 ’
1S AREQSY,VEEW ol
L0 AREQY.V,H P W,
791 REQS5YV.HPWoal
192 AREQSYVHP Wl T
193 A, RLQ,Y,V,HP, W0 C ]
o4 ARLEQY.V,HP W oC
153 AR EQS Y, V.HLP W ul
195 AREQSY.VHP Wul
L95b AREQEY VP Worl
156 AR EQEY.HPWaC
57 T TARE QS T AL W0l

Substitutions were introduced using standard technigues (&1, as deseribed in
Taylor et al., Nucleic Acids Res. 13 R764-8758 (1985): Makamaye et al., Nucletc Acids
Res. 14: 9679-9698 (1986); and Olsen et al., Methads in Enaymelogy, 217: 189 (1993)).

5 In brief, oliponucleotides degenerate for 4 given codon were synthesized for each of the

positions to be mutagenized. A single-stranded DNA template was prepared from the
original plasmid containing a single-chain Fy version of the antibody 281 gene. The
nueleic acid sequence of the parent 251 anfibody heavy and light chain is provided in
SEQ ID NOS: 62 and 64. The muiant oligonucleotides were then used to crewic a

2004-500086 A 2004.1.8
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complementary DNA. strand apd evertuzlly a double-stranded plasmid, thus

incorporating the degeneracy or the different mutations in a given codon of the antibody.

In particutar, the CDR3 region of the heavy and light chain of 2E1 was altered using the
QuikChange Kit (Straiagene) accarding to the manufactures instruction.

A representative number of cloxnes were then sequenced from each mutagenesis
reaciion {f.e., 7 (o 36 clones) and those representing a change ftem the parent 2EI single
chain antibedy sequence were expressed in bacteria and purified for further im vitre and
bz vive testing as deseribed infra.

In another screen using a full length 1L-18 ligand, a second anti-IL-19 antibody
was identified and selected for fuxther improvement vsing affinity maturation. In
particular, using the techniques described above, the LT28 antibody having the heavy
chain znd light chain sequence shown in Tuble 9 (a:nd nucleic sequence provided in SEQ
1D NG8: 66 and 68) was further modi fed. '

Table 9. Sequence of Single-Chain Anti-IL-18 Antibody LTZ8

LT28 Heavy Chain
(3EQ ID HO: 28)

LVOPGGSLELECAASGFTES STAMEBWVROAPGKCLENV SAT SGSGESTYYADSVKE

CDR3 (5EQ ID NO: 22)
RETISRDNSENTLYLOWNSLRARDTAVY Y CARDDDDYDFDYWGRGTMVIVSS

CDR1 (SEQ ID MO: 20) CDRZ (SEQ ID NO: 21}

JP 2004-500086 A 2004.1.8
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Table 9. Sequence of Single-Chain Anti-L-18 Antibody LT28 (Continued)

LT28 Light Chain
(SEC ID NO: 29)

CDR1 [SRQ TD NO: 23} CDRZ (SEQ ID NQ: 24}
QSVLTQPPSASGTPGORVT ISCEGSSSRIGTNAVNWY QOLPGTAPKLLT YGNDORES

CDR3 (5EQ ID NO: 25)
GVPDRFEGEKSGTSASLAI SGLOSEDEADY YCAANDD SLSGEVFGGGTELTVLG

JP 2004-500086 A 2004.1.8
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With respect to the heavy chain region, amine acid substitutions were introduced
at positions 1331, H32, 133, and H35 of CDRL, positions H30, 1151, H52, H52a, 1153,
H34, H56, and H58 of CDR2, and HO5, HO6, HOT, HG8, H29, H100, I100s, 101, and
Hi02 of CDR3.

With regards to light chain residues selected for mutation, amino acid
substitutions werc introduced =l positions I.30, 1,31, 132, 1.34 of CDR, positions L50,
L52, L33, L55 of CDR2 and positions L89, 1.90, L1, 1.92, 193, .04, 195, 1.95a, L95h,
L946, L.97.

Table 10. Heavy Chain Aminc Acid Substitutions Introduced into LT28

Heavy Chain Mutations

I CDR / Kabat substituted residue

. Position

CDR1 i

I H31 AREQS Y, VHD W ol

lHu A R,EQ,5 Y V. 0P W, ol

| H33 A REQSY VAP WaoC

H35 AREQS Y, VHEWaC

CDR2 : ’ )

H30 AR EQS5Y,VHFE W, aC

(B3l AREQGS Y, V.HPWaC

H5Z - AREGS Y, V.HPW ol

H52a AREGS Y, VO Wl

[Ti53 ARLEQEV, VIR W al

H54 %m&ﬁg&&m&nmmc

36 AREQSY,V,HP W ol

H58 AREQS5Y,V.RLPWC i
CDR3 ) ]
HI3 AREQSY,VHPWal ]

JP 2004-500086 A 2004.1.8
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HSE ARLQS VI Waat

597 ARLEQSY,VILP, Wl

HOR AREQS Y, VR WuaC

HY9 AREQSEY V,HP WoC 7
HI00 AR.E,Q,57Y,V,HLP,W,acC T
Hilba ARE QS Y. V,HP,W,aC

HI0L AR EQ8Y,VH P, W,eorCc T
gz TAREQS Y.V.HPWarC

JP 2004-500086 A 2004.1.8
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Tahle 11. Light Chain Amine Acid Substitutions Intreduced into LT28

Light Chain Mutations

CDR / Position substituted residue

CDRA

L30 AREQGS Y V,ILF,W,C

L31 AR EQ S Y,V HPFWC

L3Z REQS Y, V,HPWCG

L34 imma@&xm&awc

|GDRZ" -

L50 AREQS Y, V,HP,C

152 AR ES,Y,V,EP,W,C

153 TARES Y V,LEWCN

L55 imhq&&%ﬂﬂWﬁ )
CDR3

[TEe TUTTAREQE Y, VHEW,.C

1.9 AR EQ,8 Y. V,H P, W,C

I (A, R E0Q,8Y, V,ILP,W.C

192 AREDQSY V.HPW,C

193 TAREQ.8Y,VHEW.C

| T94 A R,E,Q,8 7, V,ILP,W,.C

TTos AREQS Y V,HLPEWC -
[L95a AREDST.V.ILPW,C

T.95h AREGSY,V.HP W,C T ]
7.6 AREQELY VHEWC

L97 AREGEY, V,ILP,WC -

Substitutions were introduced as described above. A represcntative nmber of

clones were then sequenced from each mutagenesis reaction and those representing a

JP 2004-500086 A 2004.1.8
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change from the parent LT28 single chain antibody sequonce were exprossed in bacteria

and purified for further testing as described below.

EXAMPLE 3
BINDING ACTTVITY OF HUMAN ANTIBODIES TO IL-18

Real-time binding interactions between ligand (biotinylated recombinant human
118 (rhIT -18) immobilized on a biosensor matrix} and analyte (antibodiss in solution)
were measured by surface plasmon resenance (SPR) using the BTAcore system
{Phanpacia Biossosor, Pisvataway, N1}, The system utilizes the optical propertics of
SPR to detcet alterations in protein concentrations within a destran blosensor mafrix.
Proteins are covalently bound to the dexiran matrix at known concenirations.
Antibodies are injected through the destran matrix and specitic binding bebween injocted
antibadies and inunobilized ligand results i an incraased matrix protein concentration
and resultant change in the SPR signal. Thess changes in SPR. signal are recorded as
resonanee units (RUY and are displayed with respeet fo time along the y-axis of a
SEISOTZLaIm.

To fagilitate inunobilization of biotinylated vh[L-18 on the biossnsor matrix.
streptavidin is covalently linked via free amine groups to the dextran matrix by first
activating carboxyl groups on the matrix with 100 mM N-hydroxysuccinimide (NHS)
and 40 mM N-cthyl-N-(3-digthylaminopropy]) carbodiimice hydrochloride (EDC).
Next, streptavidin is injecled across the activated matrix. Thirty-five microliters of
streptavidin (25 pg/ml), diluted in sodium acetate, pH 4.5, is injected across the
activated biosensor and fiee amines on the protein are bound directly fo the activated
carboxyl groups. Untencted matvix EDC-esters are deactivated by an injection of 1 M
ethanolamine. Streptavidin-coupled biosensor chips also are commercially available
(Pharmacia BR-1000-16, Phatmacia Biosensor, Piscataway, HJ).

Biotinylated thIL-1 8 was prepared by fivst dissolving 5.0 my of biotin (D-

biotmyl-g-aminocaproic acid N-hydroxysuccinimide ester; Boshringer Mannheim Cat.

No. 1008 960) in 500 pl dimethylsulfoxide to make a 10 mg/ml solutioiz. Ten
microliters of bictin was added per mi of rthiL-18 (at 2.65 mg/ml) for a 2:1 molar ratio of

JP 2004-500086 A 2004.1.8
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biotin to thil-18. The reaction was mixed gendy and incubated for two hours at rocm
ternperature in the dack. A PD-1¢ column, Sephudex G-25M (Pharmacia Catalag Mo.
17-0851-01) was equilibrated with 25 ml of cold PBS and loaded with 2 ml of thil-18-
biotin per column. The column was eluted with 10 x 1 ml cold PBS. Fractions were
collected and read at QD280 (1.0 OD = 1.25 mp/ml). The appropriate fractions were
pooted and stored at -80° C uniil use.

Biotinylated rhIL-18 to be iramobilized on the matrix via streptavidin was
diluted in PBS ranning bulfer (Gibeo Cat, No. 14190-144, Gibeo BRL, Grand 1sland,
NY) supplemented with ¢.05% (BTAcore) surfactant P29 (Pharmacia BR-1000-54,
Phannacia Biosensor, Piscataway, NJ). To determine the capacity of rhiL-18-specific
zutibgdies to bind immobilized thIL-18, g binding assay was conducted as follows.
Aliguots of biotinylaled rhil.-8 {25 nM; 10 pl'aliquots) were injected through the
streptavidin-coupled dextran matrix at a flow rate of 5 ul/min. Before injection of the
protein and immediately atterward, PBS buffer alone flowed ttwough each flow cell.
The net difference in signal between bascline and approximately 30 see, after
completion of biotinylated rhIL-18 injection was taken to represent the binding vatue
Drect rhil.-18-specific antibody binding 1o immobilized bictinylated rhll.-18 was
measired. Antibodics {20 pgfml) were diluted in PBS anning buffer and 25 ul aliquots
were injected through the impmobilized protein matrices at a flow rate of 5 Wmin. Prior
to injection of antibody, and immediately afterwards, PBS buffer alone flowed through
each flow cell. The net dillerence in baseline signal and signal after completion of
antibody injection wag taken te represent the binding value of the particular sample.
Biosensor matrices were regenerated using 108 mM HC before injection of the next
sample. To determine the off rate (Ko, on rate (Ko, association rate (Kjp) and
dissociation ratc (K g) constants, BlAcore kinetie evaluation software (version 2.1) was
used.

Representative results of improved candidate auti-}L-18 antibodies binding to
hiotinylated yhIL-18, as compared to the parent antibodies 2E1 and LT28 {and mwrine
controls), are shown below in Table 12, For comparison, TC30 values from the cell-

based neutralization assay are also included and these are described in Example 4. All

JP 2004-500086 A 2004.1.8
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clones wers prepared as aingle-chain Fv anlibodies for testing using Biacors analysis

and the cell-based assay described below. Parental clones listed comprise an unmutated
parental heavy and light chain, whereas single chain mutants contain one parental chain
and cne mutated chain whers the mutated chan s mdicated as being eilher heavy (F) or

5 lighi (L) followed by the Kabat position and nature of the amino acid substitution.

Table 12. Binding of Anti-IL-18 Antibodies Derived From 2E1 and LT28

Antibody ’ On-rates | Offrates | Kd (M) l 1C50
Cloe Losy L s | ’ value*

L i
2E1 parent and mutants

ﬁ"ﬁaﬁftﬁ:ﬁ'{—zsaa [T6.4ZE03 | 1.5E-07 ' 3.3E-6M

| 2E1 (parent] IgG } , , 9.0E-10M
L1345 ‘ ; 1.69E-04 © 1.5E-BM
HS2R | | 2.34E-03 2.5E-BM
H53Y | B " 1.5E8M
H58Q , - | 1.6E-BM
1.345 + H53R 27E+03 ' 6.BZE05 | 2.3E-0B | 3.0E-09M
(2E1RS) J i
L345 + HEBQ: ‘ T - : 1.5E-8M
L345 + HE3Y ‘ T 5.28E05 6.7E-5M
HE3R + HE8Q ‘ '!_ - 1.2E-8M
; HE3Y + HEBR J "_ - 1.2E8M
L34S + HS3R + I 6.18E-05 2.8E-9M |
[ H58Q J ’
[ 345 + HB3Y + I - B.0E-5M
oo | 1
190c “"__ ! - 4x
S R R D

JP 2004-500086 A 2004.1.8
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L24P, @, or R 2-4x

L8&R, ¥ tﬁ 3bx

LA5hE, W A%

1728 parent and mutants
LT28 (paront) | 1.3E+02 | 4.38E-04 | 3.9E-08 5.0E-8M

[HE4Q : [‘ Z.3x
H58W , J szx"*
1
125-2H 17E+05 | 1.1E04 6.2E-10 | ZE-10M |
318-M 1.2E+04 [ 11E-04 Eﬁ:?us_ TT40E-8M

* Some vatues presented as fold improvement compared to the parent.
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EXAMPLE 4 .
NEUTALIZING ACTIVITY OF ANTI-IL~1§ ANTIBEDIES

To examine the neutralizing activity of the anti-human IL-18 antibodies of the
invention, an art recognized assay for monitoring IL-18 activity was used.

Briefly, the assay employs KG1 cells (ATCC #CCL-245. myelopenous lenkemia
bone marrow cclls}) which were cultured according to standard technigues (e.g., using
RPMI 1640 Culture Mediun Gibco #21870-076; {supplemented with 10% Fetal Bovine
Serum (BioWhittaker #14-501F); 2mM L-glutamine {Giboo #25030-081); SOunits/ml

Penicillin, 50ug/mi Streptomyein {Gibeo #15070-063% and .075% Sodium Bicarbonate).

To test for 1L-18 neuncalization, 3 x 10ES K(i-1 eclls stimulated with 20ng/ml
HTNF-alpha (Lot# 19130132) was incubated with 50ul of anti-IL-18 antibody (# x
Cone.) and 50ul of 1L-18 (4xCone.=8ng/ml} and incubated for 37°C for Lhr or 16-20 hrs.
‘T'o determing the amount of IL-18 neutralization that occurred 25 a function of induced
WIFN-gamma production, an ELISA was performed using commuegcially available Elisa
Kits (R & D #DIF00/Endogen #EH-TFNG), according to the manufacturers instructions,
and bIFN-gamma production was caleulated (pe/ml) off a standard curve,

In all, four mutant antibodies, iz, the 2F1 derived 1,345, H33R, H33Y, and
H58Q, were shown to have greater LL-18 neutralization potency than ibe pazent 2E1
antibody (sce Table 12). The improvements in [C50 values using the KG-1 assay were
in the range of 2 to 5 fold, and similar improved binding results were determined using
BlAcore apalysis.

Various mutatien combination elenes were also prepared and tested, and this
data iz summarized in the Table 12. The best combination clons L348-H53R showed a
areater than ten fold improvement over the parent antibody 2E1 in both the KG-1 cell-
based assay and wsing the BIAcore analysis. Theresuiting antibody was designated the
name of 2E1RE,

Several other mutant clones 4§ 2B showed an improvement in potency, fe., -
18 neutralization, as determined using the KiG-1 assay. The mutant 1L95Y offered 5t0 8
fold better JC50 values thar the parcint 2E1 antibody. Several other mutants offered 2 2
t0 3 fold improverment and they are 2B mutants HI6A, HY6(Q, HI96S, HO8S, LSO,

JP 2004-500086 A 2004.1.8
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LSOW, L93C, L94P, L94F, 194, LY4R, L44W, LG5R, L95aA, [.95aH, L95aP, LO5SsR,
1.95aW, L9ShE, LgsbW, L95bY, LY7C, and LY7E.
The binding of 2E1 in the foom of an SeFv antibody or IgG antibody was also
compared (see Fig. 5).
5 S}l further, two mutants derived from the LT28 parent should improved LL-18
neutralization activity compared to the parent antibody.
These results demonstrate that fully human 11-18 neutralizing antibodies can he

obtained vsing the methods and compositions of the invention.

10 EQUIVALENTS
Those skilled in the at will zecognize, or be able to ascertain using ne more than
routine experimentation, many equivalents to the specific embodiments of the invention
deseribed herein. Such equivalents are intended to be encompassed by the following

claims.
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What is claimed:

1. A compound capuble of binding 2 humen 1L-18 amino acid sequence, or
portion thercof, wherein saxl aming acid comprises a sequence selected from the group

consisting af 8EQ 1D NO: 67 and SEQ ID NO: 68.

2 The compound of claim 1, wherein said compound is selected from the
group consisting of a small molecule, peptide, polypeptide, antibody, and aptibody

fragnzent.

3. ‘The compound of claim 2, wherein safd antibody, or antibody fragment,

is fully human.

4. A human monoclonal antibody, or antigen-binding portion thereot,

capeble of binding to buman [L-18.

5. The antibody of claim 4, wherein the antibody, or antigen-binding portion
thereof, dissaciates from human [L-18 with a k. rate constanl of 0.1s7 or less, as
determined by sucface plasmon resonance, or which inhibits human 1L-18 activity with

an Iy of 1% 10M or less.

a. The antibody of claim 4, wherein the antibody, or antigen-binding portion
thereaf, dissociates from human U.~18 with a k gy xate constant of | x 1075 7or less, as
determined by surface plasmon resonance, or which inhibits human [1.-18 activity with

a IC., of 1 x 107M or less.

7. The antibody of claim 4, wherein the antibody, or antigen-binding portion
thereof, dissociates from human IL-18 with a k, tate constant of 1 % 107" or less, as
determined by surface plastnon resonance, or which inhibits human IL-18 activity with

an IC,, of T x 10*M ar less.
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8. The antbody of claim 4, wherein the antibody, or antigen-binding portion
therzof, dissociates from hunan [L-1 8 with a k_; rate constant of 1 x 107" or less, as
delermiced by surface plasmon resonance, or which inlibits luman [L-18 activity with
an TCy, of 1% 10°M or less.

9. The antbody of claim 4, wherein the antibody, or antigen-binding portion
thereaf, dissociales rom humar TE-18 with a & rate conseant of 1 x 1075 or less, ag
determined by surface plasmon resopance, or which inhibits buman IL-18 activity with
an IC, of 1 x 107"M or less.

10. The antibody of claim 4, wherein the antibody, or antigen-binding portion
thereaf, dissoctates from human [L-18 with a k g rate constant of 1 10%or less, as
determined by surface plasmon resonance, or whicly inhibits human 10-18 activity with
anICy of 1 x 10MM ar less.

11 An isolated antibody, or an antigen-binding portion thereof, that binds an
epitope of humsag 11- 18, or porion thereof, comprising an amine acid sequence selectad

from the group comprising SEQ 1D NO: 3 and SEQ {D NO: 33.

12, The antibody, or antigen-binding portion thereof, of claim 11, wherein

the antibody is & neutralizing antibady.

13, The antihody, or antigen-binding portion thersel, of claim 11, which s a

human antibody.

14, The antibody, or antigen-binding portion thereof, of ¢laim 11, which is a

recombinant antibody.

5. The antibody, or antigen-binding porlion thereof, of clatm 11, whichisa

moncclona! antibody.
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16.  Anisolated antibody, or antigen-binding portion thereof, that binds to an
epitope of human TL-18, wherein the antibody, or antigen-binding portion thereof,
dissociutes from humun [L-18 with &k rate constant of 0.15" or less, as determined by
surface plasmon resonance, or which inhibits human [L-18 activity with an IC,0f 1 %

10M or Jess.

17.  The isolated autibody of claim 16, or an antigen-binding, portion thereof,
which dissociates from human [L-18 with 2 k. rate constant of } x 1077 or less, as
deteymined by surfree plasmon resonance, or whick inhibits human I1.-18 activity with
an IC;, of 1 % 107"M or less.

[8.  The isolated autibody of claim, 16, or an antigen-hinding portion thercof,
which dissociaies from human IL-18 with 2 kq 1ate constanc ef' 1 x 1075 or less, as
determined by surface plasmon resongnce, or which inlubits humar JL-18 activity with
an 1Cy of 1x 10°M o less.

19. The isolated antibody of claim 16, or an antigen-binding portion thereof,
which dissociates from human 1L-18 with & kg rate constant of 1 x 1077 or [ess, as
determined by surface plasmon resonance, or which inhihits hunan IL-18 activity with
an IC,, of 1 x 10*M or less.

20, The solated antibody of claing 16, or an antigen-hinding portion thereof,
which dissaciates from human 1L-18 with a k,, rate constant of ] x 10°s" or less, as
determined by surface phismon resonance, or which inhibits human IL-18 activity with

an ICq of 1% 107"™M ar less.

21, Theisolated antibody of claim 16, or an antigen-biading portion thereof,
which dissocistes fromt hurgan 11.-18 with 2 k,; rate constant of' 1 x 10%or less, as
detgrmined by surface plasmon resonance, or which inhibits human 11.-18 activity with

an IC,, of 1% 107""M or less.

JP 2004-500086 A 2004.1.8
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22, Anisolated humar antibudy, or an antigen-binding portion thereof,
comprising at least one variable reglon CDR domuin capable of binding an epitops of
human IL-18.

23. The isolated antibody, or ao antigen-binding portion thersof, of clajim 22,
wherein said antibody, or an aniigen-binding portien thereof, contains at least one amino
acid substitution or insertion that improves 11.-18 binding a3 compared to the

unmaodified antibody or anligen-binding portion thereof.

24, The tsulated antibedy, or an antizen-binding portion thereof, of claim 22,
wherein said antibody, or an antigen-binding portion theteof, containg af least one amino
acid substitulion or insertion that improves noutralization of IL- 1§ as compared to the

unmodified antibody or antigen-binding portion thereot.

b

5. Theisolated aptibody, or an antigen-binding portion thereod, of claim 22,
wherein said variable region comprises a CDR domain selected from the group
consisiing of:

aheavy chein CDRI domain haviog an amino acid sequence of SEQ 1D NO: 9,
or sequence modified from SEQ 1D NO: 9 by at least one amina acid substitution;

a heavy chain CTYR2 domaix having an amine acid sequence of SEQ ID NO: 10,
of sequence modified from SEQ ID NO: 10 by at least one amino acid substitution; and

a heavy chain COR3 domain having an amine acid sequence of SEQ TN MQ: {1,

ar sequence medifizd from SEQ ID NO: 11 by at least one amino acid substitution.

26. The isolated antibody, or an antigen-binding portion thercof, of claim 25,

wherein said variable region comprises a CDR domain selected from the group
consisting of:

4 hieavy chain CDR1 domain modified from S8EQ TD NO: 5 hy al least one
amino acid substition at position H30, H31, H32, H33, or H35;

a heavy chain CDR2 dowain modified from SEQ ID NO: 10 by at least one
amine acid subslitntion af position H52, H3Za, H33, H54, 1136, or [158; and

JP 2004-500086 A 2004.1.8
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aheayy chaln CDR3 domain medified rom SEQ 1D NO: 11 by at least one
aniino acid substitution at position HY5, H96, HI7, or H9S.

27.  Theisclated antibody, or an antigen-binding portion thereof, of claim 22,
wherein said variable region compriscs 2 CDR domain selected from the group
consisting of:

a hight chain CDRI domain having an amino acid sequence of SEQ 1D NO: 12,
or sequence madifled from SEQ ID NO: 12 by al least one amino acid substitution;

@ light chain CDR2 domaln having an emine acid sequence of SEQ ID NO: 13,
or sequence modified from SEO ID NO: 13 by at least one amino acid subslilution; and

a light chain CDR3 domain having an amine acid sequence of SEQ 1D MNO: 14,

or sequence modilisd [rom SEQ 1D NO: 14 by at least one amino acid substitution.

28.  The isolated antibody, or an antigen-binding partion thereof, of claim 27,
wherein said variable reglon conmprises a COR domain selecte:] from the group
consisting of:

a light chais CDR1 domain modified from SGOQ D NO: 12 by at least one amino
acid substitution at position L30, L3}, L32, or [.34;

a light chain CDR2 domain modified from SBQ [D MNO: 13 by at least one amino
acid substitution at position T30, L32, 153, ur L3S, and

a light chain CDR3 domain modified from SEG.ID NO: 14 by & kast one amino
avid substitution at position L89, LI0, L9, L92, L93, Lo4, 1LY5, 1.95a, LO5b, LIG, or
L7

29. Anisclated antibody, or an antigen-binding portion thereof, with 2 varable
rogian comprising an amino acid sequence selected from the group consisting of SEQ 13
NO: 15, 16, and 17
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30, An isolated antibudy, or an anligen-binding portion thereof, with a light
chain variable region (LCVR) comprising the amino acid sequence of SEQ IDNG: 15
and a heavy chain variable region (HCVR) comprising the amino acid sequence of 8EQ
NG 16,

31. An isolated antibudy, or an antigen-binding portion thereof, with a light
chain variable region (LCVR) having the amine acid sequence of SEQID NO: 15 and 2
heavy chain variable region fHCVR) having the amine acid sequence of SEQ IDINQ:
17.

32 The isolated antibady, or an antigen-binding portion thereof, of ¢laim 22,
wherein said variable region comprises 1 CDR domain selccted from the grovp
consisting of:

a heavy chain CDRI domain having an amino acid sequence of SEQ ID NG: 20,
ar sequenee modified from SEQ 1D NO- 20 by at least one amine acid substitution;

a heavy chain CDR2 domain having an amino acid sequence of SEQ IDWQ: 21,
or sequence medified from SEQ ID NO: 2] by at least one amino acid substitution; and

a heavy chain CDR3 demain having an amino acid sequence of SEQ 1D NO: 22,

or sequence modified from SEQ) I NO: 22 by at least one amino acid substitution.

33 The isolated aidibedy, or an antigen-binding portion theceof, of claim 32,
wherein said variable region comprises a CDR domain selected from the group
consisting oft

a heavy chain CDRI domain medified from SEQ ID NO: 20 by at least one
arpino acid substitution at position H30, H31, H32, H33, or H33;

a heavy chain CDR2 domain modified from SEQ ID NO: 21 by at least one
amino acid substimtion at position H50, H5 1, H52, H52a, T153, 1154, H36, or H58; and

a{hea\ry chain CDR3 domain medified frem SEQ 1D NO: 22 by at least one
amine acid subslitution at position H96, H96, H97, H98, H9, H106, H100a, H101, or
H10Z.

JP 2004-500086 A 2004.1.8
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34, The isolated aniibody, or an antigen-binding portion thereof, of claim 32,
whercin saiil variable region comprizes 2 CHR domain selectad fiom the gronp
consisting of:

2 light chain CDR1 domain having an amino acid sequence of SEQ 1D NO: 23,
o sequence modified from SEQ 1D NO: 23 by at Jeast one amine acid substitution at
position ;

alight chain CDR2 domain baving an amine acid sequence of SEQ 113 NO: 24 |
or sequence modified from SEQ D NCL 24 by at least one amino acid substitution; sad

a light chain CDR3 domain having an amino acid sequence o' SEQ L) NO: 25,

or sequence modified from SEQ ID NO: 25 by at least ene amino acid substitution.

35, The: isolated antibody, or an antigen-binding portion thereol, of claim 34,
wherein said variable region comprises a CDR domain selected from the group
consisting of:

a light chain CDR1 domain modified from SEQ 1D NC: 23 by at least one amina
acid substitution at position 150, 1.31, 1,32, or L34,

& Light chain CDR2 domain modified from SEQ 1D NC: 24 by at least one amino
acid substitution at position 1.30, L52, L33, or L55; and
a light chain CDR3 domain modified fram SEQ 1D NQ: 25 by at least one amino acid
substitution at position L&9, L90, T.01, 1.97, 193, 1.94, 1.95, 1.93a, L95b, L6, or LY7.

36, An isolated aniibody, or an antigen-binding portion thereof, with a vaxiable
Tegion comptising an amino acid selected from the group consisting of SEQ ID NO: 26,
27, and 29.

37. Anisolated antibody, or an antigen-binding portion thercof, with a light
chain variable region (LCVR) comprising the amino acid sequence of SEQ 1D WQ: 29
and a heavy chain variable region (HCVR) comprising the amino acid sequence of SEQ
Y NO: 26.
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38. Anisolated antibody, or an antigen-binding portion thereof, with a light
chrain variable region (LCVR) having the amino acid sequence of SEGQ 11D NO: 29 and a
heavy chain variable reglon (HCVR) having the amino acid sequence of SEQ 1D WO:
7.

39 Anizalated nucleic acid encoding an antibody CDR aming acid sequernce

of any onc of claims 4-38.

40, The isolated nucleic acid of claim 39, which is in a recombinant

L0 expression vector.

41, A hesteell into which the recombinant expression veetar of elaim 40 has
been introduced.
15 43, A method of synthesizing an antibody that binds human I1-18,

comprising ewliuring the hogt cell of clabm 41 in a culture mediom wntil an antibody that
binds human IL-1¥ is synthesized by the cell.

43, The method of ¢laim 42, wherem said anvibody is burman.

44, A pharmacentical composition comprising the antibody, or antigen-
binding pertion thereof, of any of claims 4-38, and z pharmaceutically aceeptable

carrier.

45.  The pharmaceutical composition of claim 44 which further compeises at
least one additional therapeulic agent for treating 2 disorder in which [1-18 activity is

detriraental.
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46.  The pharmaceutical compasition of claim 43, wherein satd additional
agent is selected from the group consisting of an anlibody, or fragment thereof, capable
of binding human TL- 12, methotrexate anti-TNF, cotticosteroids, cyelosparin,

rapamycin, FK506, and non-steraidal anti-inflammatory agents.an

47, A method of making an aptibody that binds human interleukin-18 (TL-
18}, comprising:
exposing an antibody repertoire to an antigen comuyrising an epiiope of
human IL.-13 or portion thereof; aml
selecting from the antibedy repertoire an antfbody that binds the epitopc

of human [L-18, or portion thereof.

48. The methed of claim 47, wherein the antibody repertoire is an in vive
repertare n en animal and the method comprises Inwoumizing the anjmal with the

antigen comprising an epitope nof human IL-18 ar partion thercot.

49.  The method of claim 46 or 47, wherein said epitope comprises the amino

acid sequence selected from the group consisting of SEQ 1D NO: 3 and 33,

50. ‘The method of claim 47, wherein said i vive repertoire is a fully human

immunoglobulin repertoire integrated intw {he genome of the animal.

51 The method of ciaim 47, wherein the antibody repertoire is a recombinant
antibody library and the method comprises screening the library with sn anlipen
conprising the epitope of human IL.-18§ or portion thereof.

32, The method of claim 47, wherein the libraty is 2 humap antibody Library.

53, A method for inhibiting human IL-18 activity comprising contacting

humai IL-18 with the compound of claim 1 such that buman 10.- 18 activity is inhibited.

JP 2004-500086 A 2004.1.8
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54, A method for inhibiting buman I1.-18 aciivity comprising conlacting
human I1.-18 with the aniibody, or antigen-hinding pottion thereof, of any of claims 4-
38 such that human 1L-18 activity is inhibiled.

535. A method for inhibiting hwnan IL-18 activity in a human sebject
suffering from a disorder in which JL-18 activity is detrimental, comprising
administering to the human subject the compound of claim 1 such that hurnar 1L-18

achivity wn the numan subject is inhibited.

6. A method for inhibiting human 1L-18 activity In a human subject
suffering from a disorder in which TL-18 activity is detrimental, comprising
administering to the human subject the antibody, or antigen-binding portion thereof, of

any of claims 4-38 such that human IL-18 activity in the human subject is inhibited.

37 A method [or treating a human subject suffering from a diserder in which
IL-18 activity is detrimental by administering a compound according ta elaim 1 such

that lrealinent 15 achivved.

58 A method for deeting a human subject suffering from & disorder in which
TL-18 activity is detrimental by adminstering an antibody according to any one of

claims 4-38 such that treatment is achjeved.

59 The method of clab 37 or 58, wherein said disorder is selectad from the
group comprising rhoumatoid arthritis, ostecarthritis, juvenile shronic arthritis, Lyme
arthritis, psoriatic arthritfs, reactive arthritis, spondyloarthrepathy, systemic Jupus
crythematosus, Crohn’s disease, ulcerative colitis, inflaminatory bowel disease, insulin
dependent diabetes mellitus, thyroiditis, asthma, allergic diseases, psoriasis, dermatitis
scleroderma, graft versus hiost disease, organ transplant rejection, acute or chronic
immune discase associated with organ transplantation, sarcoidosis, atherasclerosis,
disseminated infravascular coagulation, Kawasaki's disease, Grave's disease, nephrotic

syndrgme, chronie fatigne syndrame, Wegener's granulomatosis, Henoch-Schoenlzin

JP 2004-500086 A 2004.1.8
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purpurea, microscopic vasculitls of the kideeys, chronic active hepatifis, uveltis, septic
shock, toxie shock syndrome, sepsis syndrotae, cachexia, infectious discases, parasitic
diseases, acquired immunedeficiency syndrome, acute transverse myelitis, Huntington's
cherea, Parkinson's disease, Alzheimer's discese, stroke, primary biliary cirrhosis,
hemolytic anemiz, malignancies, heart fzilure, myocardial infarction, Addisen's disease,
sporadic, pelyglandular deficiency type 1 and polyglandular deficiency type I, Schmidi's
syndrome, sdult {acure) respiratory distress syndrome, alopecia, alopecia areata,
seronepalive arthopathy, arthropathy, Reiter's disease, psoriatic aribropathy, ulcerative
colitic arthropathy, enteropathic synovitis, chilamydia, yersinia and salmeonclla
assoclated arthropathy, spondyloarthopathy, atheromatous disease/arieriosclerosis,
atopic allergy, autpimanune bullous disease, pemnphigus vulgass, pamphigus foliaceus,
pemphigoid, linear 1gA discase, autoimmunc haemolytic anacmia, Coombs positive
haemaolytic anaemia, acquired permivious anaemia, juvenile pemicious enavinia. myatyic
eneephalitis’Royal Free Disease, chronic mucacutaneous candidiasis, giant cell acteritis,
primary selerosing hepatitis, cryptogenic anteimmune hepatitis, Acquived
Immunedeficiency Disease Syndrome, Acquired Imrmunodeficiency Related Diseases,
Hepatitis C, commen varied iimmunodeficiency (common variable
hypoagammaglobulinacmia), dilated cardioryopathy, female infertility, ovarian failure,
premaiure ovarian failure, fibrotic lung disease, eryptogenic fibrosing alveolitis, post-
inflammatory interstitial lung disease, intersiitial pneumenitls, connective tissue disease
associated intersiitial lung disease, mixed comeclive lissue discase associaled Jung
disease, systemic selerosis associated interstitial lung disease, theumatoid arthritis
associated interstitial luny disease, systemic Jupus erythematosus agsovialed hing
discase, dermatomyositis/polymyasitis associated hing discase, Sjogren's discuse
associaled lung disease, ankylosing spondylitis asseciated lung disease, vasculitic
diffuse lung disease, haemosiderosis associated hung disease, drug-induced interstitial
Tung discase, radiation fibrosis, bronchiolitis obliterans, chronic eosinephilic pneumonia,
tymphocytic infiltrative fung discase, postinfeetious interstitial lung discase, gouty
arthritis, auteiommune hepalitls, type-1 autolmmune hepatitis {classical autcimmunc or
lupoid hepatitis), {ype-2 antoimmune hepatitis (antl-LEM antibody hepatitis),

auteimmupe mediated hypoglycaemia, type B insulin resistance with acanthasis

JP 2004-500086 A 2004.1.8
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nigricans, bypoparathyroidism, aculs Imoune disease associaied with organ
transplantation, chronje immune discase associated with organ trangplantation,
osteoarthrosis, primary solerosing cholangitis, pseriasis type 1, psoriasis type 2,
idicpathic leucopaenia, autcimniune neutropasnia, renal disease NOS,
glomerulonephritides, microscopic vasulitis of e kidneys, Lyme disease, discoid lupus
erythematosus, male infertility idiopathic or NOS, sperm autoimmunity, multiple
sclerosis {all subtypes), syinpathetic ephthalmia, pulmonary hypertension secondary
connective tissue disease, Goodpasture's syndrome, pulmonary manifestation of
polyarteritis nodosa, acete rheumatic fover, rhevwmatoid spondylitis, Stll's disease,
systemic scleresis, Sjdgren’s synediome, Takayasu's disease/arteritis, autoimmune
thrombocytopaenia, idiopathic thrombocytopaenia, autoimmune thyroid disease,
hyperthyroidism, goitrous autoinumune hypaothyroidism {(Hashimoto's disease), atrophic
antoimmune hypethyroidism, primary myxosdema, phacogenic uveitis, primary
vasculitis ,vitiligo, acute [iver disease, chronic Hver diseusey, allergy and asthig, menal
disorders (e.g., depression and schizophrenia) and ThZ Typz and Thi Type mediated

diseases.

6} A method of treating a patient suffering from a disozder in which TL-18 is
deteimental compnsing the siep of administering an ant-[L-18 antibody, befine,
comeurrent, or after the administration of 2 second agent, wherein the second agent is
sclected from the group consisting of an anti-IT.-12 antibody or antigen binding fragment
thereof, methotrezxate, anti-TNF antibody or antigen binding fragment thoreof,
corticesteroids, eyclosporio, mpanayein, FK386, and non-stercidal anti-inflammetory

agents.

JP 2004-500086 A 2004.1.8
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Bsn

Thr

310

His

Val

Lys

Asn

Gl

218

Gin

Glu

Ria

Thy
283

Cys
120
Lea

Phe

His

Lys

200

Val

Teu

Asp

Asn

Ala
ILle
105

Fro

Gin

Tyr
185

Asp

Lys
2¢5

Gly

Lys
90
Phe

Ty

v

whr

Lt

Asp

Pro

23¢

Arg

Arg

Tle

75

Phe

Lys

[i1xi]

Tyx

Tle

Arg ¥

Giy

233

Val

Aryg

Fhe

RED

Val

Lys=
140

Lys

Ser
2z0

e hla

Ser

Ala
300

Gl

Lys

Fho

125

Asp

Ko

Thr

r Arg

val
235

Elrn T

Tyx

Gly

Thy

r Lys

235

Als

Asn

Lau

110

he

Cys

Rrg

Cys

Val T

130

Tre

&lu

Glua
85

Exa

Lys

Leu

Hisz

L35

Val

: Gln

Lec I

270

Bis

TYyr I

Fro

(115) JP 2004-500086 A 2004.1.8
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a0

Pro

Fro
Ile
160

Ala

Zar
Len
Trp
240
Ty
Thx

Fre

Gln
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<223> Homs sapiens

<400 10

(116) JP

PCTAISNIO4170

Gly Arg Leun Rsn Pro Thy Thr Gly Asp Aia Asn Fre Ala Tie Lys Fae
: 1Q ;

L 5

Eln

<220» 11

<Z1l» £

<212> PRY

<ZL3r Homo zapiens

<400» 11
Lys Glu ©ly Ala

12

FRY
<213> Homo sapiens

<403 12

Gln Gly Asp Ser Leu Arg His
1 5

<27.0% 13

<211> 7

<Z12> FRT

«213> lomo sapions

<40C-> 13
Gly Lys Asn Asn Arg Pre Ser
1 3

<210> 14
«<Z211= 11
PRT
<213> Homo sapiens

<400> 14
Gly Sex Ary Asp Ser Ser GLy
1 a

i

<2.0» 15
<211» 11
<212» PRT
<213 Bomo saplens

<400= 1%

Gin Gly Asp Scx meu Arg His
1 E

<E1D> 1§

A

Fhe Tyr Pro Bsn
1o

Ile Bis Val Val
10

Pre Tyr Ser RAsn
10

2004-500086 A 2004.1.8
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WO 0158956

ELLS 17
212> PRT

<13

<400> 18

Gly

<210 17
<211> 17
«212» PRT

<2135

<600> 17

$ly Bxg Leou Asn Pre Arg Thr Gly Asp Al
1 1

Gle:

<210> 1B

210

= 113

<21Z» PRT

<213

<4D0> 33

Gl

Vil Gla Lou

Met Lys Val
20

“ls Wis Trp

¥ Arg Leu Asn

Gly Arg Val

Gln Leuw Asp

Gly Lys Glu
1a¢

<210> 19
<211> 109
<212» ERT

<Z13»

Homo sablens

Hoo saplens

5

Homo sapiens

YVal

Pro

Ala

Ser
B5

Homo sapilens

Gln

Leu
79

Len

Rla

Lys

Gln

Trp

Azg

Ber

v Blz

c Ser

25

His

v Rsp

Asp T

Asp

Gln
105

[EARY]
x+)

Gly

Gly &

Ala

Gly

Val

Tyr

Gur

75

Thr

Lys

Thy

ala

Lew

Lys

ne

Fhe

45

Ria

LEM

val

Lew Asn Pre Arg Thr Gly Asp Ala Asn he Ala Slu Lys
3 10

a Gln Phe Ala Giu Lys
il

Fro
Tax

a0
Glu
'hr
Tyr

Thr
1z

15

Gly

Gly

Trp

LYS

ALa

Tyr

a5

Val

(117)

PCTAISNIO4170

Phe

FPhe

Ara

Tyx

Iie

Fha

Tyr

80

Cys

Sexr
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<4GD> 13

Se

Gly
233

Aep

Ser Glu

Vel Rrg

Lys Asn
5¢
Ser Gly

Gin RAla

Val Fhe

<3ide 20
«211> 4
<Z12> PRT

<213

<400» 23
Ser Tyr Rla tet
1

=220» 21

<217

ERni

<Z12» DRT

<213

<400> 21
Ala Ile Ser Gly Ser Gly Gly Ser The Tyr Tyr Ala Rsze Ser Val Lys

Gy

22
3

<2i2» PRI

<213

<400» 22
Asp hsp RS Asp Tyr Asp Phe Asp Tyr

1

<2105 23
<2lix 13
<212> BRT
<213> Homo sapiens

WO 0158956

Lew

Il=
20

- Gln

Asn

Rhsn

Asp

Gly
160

Thr

Thr

Gln

Aryg

Thr

Py

as

GLy

Home sapiens

Homo sspiens

5

Lone sepisns

i

Ly
Pre
Gy

T

"y

Gly

hES

Gin

[4]

Sar

55

oys

Thr

Pxo

O

Lys

ala Val
10

Asp Scr
25

&1n Ala

Ile Fro

Trr 1Ile

Ser Arg

22

W¥al Thr
103

10

Asp

Thr
75

hsp

Val

Arg

Val

ATy
&0

Aia

llis=

Leu

a5

Pae

; Ala

Ser

Gly

Len
Phe
30

Vel

Zln

Gly

Tle

r Gly

Ala

1=
28

15

(118) JP 2004-500086 A 2004.1.8
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; GIn

Pro
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n

His
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WO 0158956 PCTAISN/04170
9
<500> 23
Ser Gly Ser Ser Ser asn Ilo Gly Ile Asn Ala Val fsn
1 ) 10

<210 24

<211% 6

<212> PRI

<213> Lome sapiens

<400> 74
Gly Asn Asp Gin Arg Pro
1 5

<210> 2%
<2Li» 11
€2ii» PRT
<213> Home sapians

<400~ 25
Ala Ala Trp Asp Asp Ser Leu Ser Sly Pro Vel
1 5 10

<210> 26
<zl 17
<212> TRT
“213> Homo sapiens

<430> 26
Ala Tle Ser Gly Ser Gln Gly Ser thr fyr Tyr Bls Asp Ser Val Lys
1 5 14 1

Gy

<21C> 27
2211> 7
<214> PRT
<Z213» Home saplens

<40 27
Ale Ile Ser Giy Ser Gly €ly Ser Thr Trp Tyr Ala Asp Ser Val Lys
1 5 1z 13

Gy

<210» 28
<211l> 1C8
<212Z> FRT
<213> Huno saplens

<400» 728
Leu Val Gin Fro Gly Gly Ser Lew Arg Ler Ser Cys Ala Ala Ser Gly
1 3

10 15

Fre Thr Phe Ser Ser Tyr Ala Met Ser Trp Vel Arg Gln Rla Pro Gly

JP 2004-500086 A 2004.1.8
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Lys
Ty~
Ser

&5

Thr

Tyr

<210
<211
<2lim
<EL3>

<400

Gln
1
Arg

Ala

Ile

Ser

=210
w2Il>
212>
€213

2

<400%

Ten

Fhe

WO 0158956

Tyr
50
Lys

AlLa

Trp

Leu
35

Ala

29

1.2
PRT
Eomo sapiens

28

20

[ca ]

Asp

<hx

Arg
100

Ser Val Leu

Val

val

Tyr
50

val

Thx

Thx
Asn
35

GlLy

Lys

5 Asp

2ro

30
235
PRT
Romo sapiens

30

Gln

Foe

Lys Gly Lew

35

Tla
240
Trp

Bsn

Sex

Val
100

Pro

Leu
Tyx

Giy

Thy
Sex
Tyr
Asp
Gly

Ala
BS

Gly
5

Ser

I
<

Val
Val
TyzT

190

Thr

Gln
Cys
Gln
Gl
Thr

10

Asp

Gly

cly

Tyx

Vai

Sexr
Lys

55
Leu

Rlz

Met

Ser

Gln

Tyr

Sly

Ser
Ala

Ser

Gly

Leu
49

Rla

Tyr

Gly

Zeu

Ala
44

Ile

Arg

Met

Thr
~0s

Ser
25

Fro

Sex

Cys

Thr
165

Arg

Ser

ile

th

Ser

The

Asn

Rap

a0

Val

Ala

10
Sar
Gly

GLy

Len

Ala

a1

Leu
11

e

S

@
s

Ser

Sar &

val

Ala
75

Lau

Ile

Trp

Thy

Gly Gly
13
Sor RArg

Arg Ala

Tyr Rsg

Thr Pro

1 Tle Sy

Pro Lys
45

Bsp Arg
Bex Gly

Asp Rsp

Val heu
110

Ser Cys MAlz Ala

Val Arg Glre Ala

ki

Gly Ser Gly Gly
a5

Gl

Phe
EE]

Gly

1z
Ile
Lew
Phe
Len
Ser

25

Gly

gra

Ser

(120)
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Thr

Gln

Aan

Ber
Gln
Ba

Leu

Gly

Gly
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(121) JP 2004-500086 A 2004.1.8

WO 0158956 PCTAISN/04170
8]
Tyr Pyr Rla AsSp Ser val Lys Gly hrg Fhe Thr Tls =er nyg Asp Asn
50 . 55 20

Ser Lys Asn Thr Lew Tyr Lew $in Met Asa Sar Lew Arg BAla Glu Bsp
-5} 72 15 an

Thr Bla ¥al Tyr Tyr Cys Ala Arg Rsp Asp hsp Asp Tyr Bsun Phe Asp
85 an 85

Tyr Trp Glv Arg Gly Wet Val Thr Val Sar Ser Gly Gly Gly Gly
100 Lcs 1.0

Ser Gly Gly Gly 5Bly Ser Gly Sly Gly Gly Ser Ala Gln Ser Val Leu
115 124 iz3

Thr Gin Pro Fro Ser Rla Ser Cly Tor Pro Gly Gln Arg Val Thr 1le
130 135 P
Sox Cys Ser Gly Goex Ser Ser Asn Ile Gly Ile Asn Ala Yal Asn Trp
145 159 155 140
Tyr Gln Glon Leu Fre Gly Thr Rla Pro Lys feu Leu Ile Tyr Gly Asn
163 170 15
Bsp CGlu Brg Fro Ser Gly Vel Fro Asp Brg Phe Ser GLy Ser Lys Ser
180 184 1la0

Gly Thr Ser Ala Ser Teu Ala Ils Sar Gly Leu Gln Ser Glu Asp Glu
185 203 205

Rla Asp Tyr Tyr Cys Ala bla Tup Asp Asp Ser Leu Ser $ly Pro Val
210 215 220

Phe Gly Gly Gly Tar Lys Leu Thr Val Lew Gly
225 230 23R

PRT
Komo sapicns

<400> 31
Hyr Fhe Gly Lys neu Glu Ser Lys Leu Ser val Lls Arg Asn
1 3 1o

210> 32
<211> 24
<212> PRT
<213> Homo sapiens

=40QD>» 22
Glu Ser Lys Leu Ser Val Ile Aryg Rsn Lew Bsu Aszp 5ln Val
1 L 10

<ZL0>» 33
“221» 14
<212> PRT
<313> Houmo sapinons
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1z
=400» 33
Val Ile Arg Asn Leu Asn Asp Gln Val Leu Phe Ile Asp Glo
1 9 in
<210 34
<211» 14

<21%» BRT
<Z13> llomo sapiens

<40C> 34
Asn Bsp Gin Vil Leou Phe Ile Asp Gln Gly Asn Arg Pro Leu
1 5 =0

<210> 35

<211x 14

“212» FRT

<Z213» Homo sapilens

<400 35
Phe Ils Asp Glrn Gly Asn Arg Pre Leu Phe Olu Rsp Mat Thr
1 5 10

<210x 36

«21i> 14

<ZlZ» PRT

<213> Eomo s3pdens

<400> 36
Asn Arg Pro Leu Phe Glu Asp Mel Thr Asp Ser Asp Cys Arg
1 5 1G

210> 37

<2Z11> 14

<Zlés par

<213 Homo zapiens

400> 37
Glu Asp Met Thr Asp Ser Asp Cys Arg Asp Asn Ala Fro arg
1 5 14

<210» 38

<21l» 14

<212» PRT

<213» Homc sapiens
<400> 38

Ser Asp Cys Arg Asp Rsn Ala Pro Arg Thr Ils Phe Tle Ile
1 5 10

<Z10% 3%
<Z1ll» 14
212> PRT
<213> Homo sapiens
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3
<400> 38
Ast &ko Pxo Arg Lhr [le Phe Iie Ile Sev Mot Tyvr Lys Asp
Z 3 10

<210> 40

<211 T

<212» FRT

«213> Homw sapizns

<400> 40
Ile Phe Ile Ile Sor Met Tyr Lys Asp Sex 5Sln Pro Arg Gly
10

<2105 4L

<211> 14

212> PRT

<213» Home 2apiens

<4002 41
Mal Tyr Lys Asp Ser Gln Fro Arg Gly Met Ala Val Thr Ile
1 S 10

<2105 &2

<Z11%> 14

<Z21.2> PRT

213> Homo sapiens

<400» 42

Gln Pro Arg 3ly Met Rla Vel Tar Ile Ser Val Lys Cys Glu
1 5 14

<Z10x 43

PRT
Ao sapiens

<400> 43
Alz val Thr Tle Ser Val Lys Cys Glu Lys Tie Ser Thr Lea
3 § 10

<2i0x 44

1

PRT

<213» Romeo sapians

<100> 44

Wal Lys Cys GSle Lys -le Ser Thr Leu Ser Cys Glu Asn Lys
1 & it

<210 45

<211 14

<212 PRT

<213> Home sapiens

<400 45
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4
Ile Sexr Thr Lew Ser Cys Giu Asn Lys Zle
1 5 1

<2105 46

<210> 14

<212:» FRT

<2155 Homo saplens

<ACG0> 46
Cys GIu Bsn Lys Fle Ile Sar Phe Lys Glu
1 5 16

<210> &7

<2ilx 14

«212» PRT

<2.3> Home saplens

<400x 47
Ile Ser Phe Lys Glu Mer Zsn Fro Pro Bsp
1 & 14

<220> 48

<211x 14

<212 PRY

<213> Homo saplens

<400> 48
¥et Asn Preo Pro Asp Asn Ile Lys Asp Thxr
i 5 10

<21d> 49
<21ix L4
<212 PRT
<Z13> Momn saplens

<iG0» 43

Asn Tle Twys Bsp Thr Lys Ser hsp Tle Ile
1 5 1la

<2Z10» 50

<xl1» 14

<212» PRT
<213> [iomo gapicns

<400» 50
Lys Ser Asp Ile Iie Phe Fhe Gln Arg Ser
1 5 10

<210» HL

<ALLlx %4

<2lZ> PRT

<213> Homo sapiens

<400> 51
Phe Phe Gln Arg Sex V=l Pro Gly Uis Rsp
1 =l 19

(124) JP 2004-500086 A 2004.1.8
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Zl2 Ser Phe Lyw

Met Asn Pro Pra

Asn Ile Liys Asp

Lys Ser hap Ilc

Fhe Phe Gln Arg

Vol Pro Gly Bis

Asre Lys Met Gln
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“210> 52

211> 14

©213> PRT

<213> Hono sapienz

400> 32
Val Pro Gly KEis Asp Azn Lys Met Gln Zhe 5lu Sex Ser Sex
1 5 e

<220> 53
<21:x 14
212> PRT
<213 Homo sapisns

<4030% K4
Asn Lys Met Gin Pha Slu Sor Ser Ser Tyr $ln Sly Tyr Phe
z S 10

<2i0% 54
wZllx 14
<212> ERT
<213 Bomo soplsis

<400> 54
Glu Ser Ser Ser Tyr Glu Gly Tyr Fhe Lew Bla Cys Slu Lys
¢

<220x 55
<211x 14
<212 PR
<213> Uomn sapiens

<400> 55
Clu Gly Tyr Phe Leuw Ala Cys Glu Lya Glu Arg Asp Leu The
i 5 14

<220% 5§

<211x 14

<2127 PRT

<2.3> Eomo sapieas

<400> 5§

Bla Cys Glu Lys Giu Arg Asp Leu Yhe Lys Lew lle Leu Lys
1 5 1a

210> 37

<211 14

S2L2% PRT

<213> Rome sapiens

<400> 51
Arg Asp Lea Phe Lys Lew Ile Leu Lys Lys Glu Asp Glu Leu
1 3 i0
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<Z10> 54
<Z11» 24
<212> FRT
<213> Bomo saplens

<400 OB
Leu ile Ten Lys Tys Glu Asp Glu Tsu Gly Asp Ary Sexr lle
1 5 13

<210> 34

<2.1= 14

<212> PRT

<ZLE Aomo sapiean

<400> 58
Gla Asp Glu Leu Gly Asp Arg Ser Ile st Phe Thr Vil Slp
1 5 LC

<210> G0

<211 12

<3212> DRT

<2155 Homo sapiens

<400 6C
Asp hxy Ser Lle Met Phe Thr val Gl Asp Glu Asp
1 5 1]

<21C> 61

«211» 157

<@iZ> ERT

<213> Home sspieng

<400> 81
Tyxr Phe Gly Lys Leu Gluo
1
rsp Gle val Leuw rhe Ile Asp GIn Gly Asn Arg Pro Lew Fhe
24 25 30

Iirg Asp Asn Ala Tro Arg Thr Ile
40 45

Ile Ser Met Tyr Lys Asp Ser GLln Pro Brg Gly Mek Rla Vai

Sex Val Lys Cye Glu Lys Ile Ser Thr Lew Ser Cys Gl Asn
€5 70 3

11z Scr Phe Lys Gin Met Asn Pro 2ro Asp Asn Ile Lys Asp
83 a0

Jer Asp Ile Ile Fhe Phe Gln hrg Sex Val Fro Gly ilis Asp
i 195 114G

Met Glr Phe Glu Ser Ser Ser Tyr Glu Gly Tyr Phe Leu Ala
115 120 125

e
15

Glu

PEhe

Lye
Thr
G5

hsn

Cy:

Iz

(126)
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Asn

Ile
Ile

a0
Lys

Liys

Gl
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7
Lys Glu Arg 2sp DTeu Phe Lys Leu Ile Tea Tiys Lys Glu Rzp Glu Teun
130 135 140

Gly Asp Arg Ser Ile Met Phe Thr val Gla Asn Glu Asp
144 158 155

<Z10» 62
<211> 341
~21Ex DNA
Home sapiens

<2207
<221> Ch&
<22d» (1y..(239)

<400 &2
cag gte cag cly gty cag tet ggy gob gag gbg aag aag ool ggg oo 10
Sip Val Gln Lec Val Gln Ser Gily Alz Glu Val Lys Lys EFro Gly Rle

1 5 10 o5

tcg aig aze ghte tec tgt mog act tect goo tac acc thc acc ggc tat 96
8ez Meb Lys Vol Ser Cys Lys Thr Ser Gly Tyz Thx Phe Thr Gly Tyx
20 24 30

tat atce
Tyr Ile

Lgg gty =ga cag goc ool gga cag gga tte gag tog abs 144
s Trp Val Arg ¢in Als Pre Gly Gln Gly FPhe Glu Trip Ile
a0 43

gca cgyg ctc amc coe acc act ggt gac goe zat tit geoa gaa asg tkbt 19z
Gly Arg Leu Asp Pro Thr Thr Gly Asp Ala Asc Phe Ala Glu Lys Fae
50 55 60

cag yye agg gic guo olg ace aga gac auvy teoo sbe age aca goo tal 240
Glr Gly Arg Val Ala Teun Thr Arg Asp Thr Ser Tle Sexr Thr Ala Tyx
65 T 75 &0

tia cag cbs gac age cktc zaa tck gac gme acg guc gha tat Lat ftol 288
Lew Glv Leu Asp Ser Leu Lys Sexr Asp Asp Thr Ala Val Tyr Tyr Cys
g3 20 %5

gog gga aan gag oyt goc tog gue ooy o5t act ofg gho aco gie tog 336
Ala Gly Zys Glu Gly 2la Trp Gly Gln Gly Thr Leu Val Thr Val Ser
150 108 110

®
o
+
w
It}
G
oy
=

0> 63
1» 113
2> PRT

3> Komo sapiens

<400> 63
@ln val Glu Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ala
1 5 10 15

Ger Met Lys Vol Ser Cys Lys Thr Ser Gly Tyr Thr Phe Thr Gly Tyr
20 25 30
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[£:3
Tyr ile Bis Trp Val ATg Gln ®la Fro Gly &le Gly ¢he Gl Trp lle
25 0 45

Gly Brg Lea Asn Pxo Thr Thr Gly Asp Ald Asn 2he Rla Glu Lys Phe
20 35 60

Gln Gly 2y Val Ala Leu Thr Arg Asp Thr Ser Ile Ser Thr Ala Tyr
5 70 75 ED]

Leu Gln Lew Asp 3er Led Lys Ser Asp Aap Thr ala Val Tyr Tyr Cys
35 30 5

Bla Gly Lys Gly Bla Trp Gly Gln Gly Thr Leu Val Thr Val Ser
108 110

“210> o4

<21L» 327

<212» DNA

<213> Hema sapiens

<220 .
<221» CD3 .
(1} 4331

<409> 64
tot tet gag obg act cag gac oot got gty toht gtg goo Tty gg: cog 48
Ger Ser Glu Leu Thr Gln Asp Pre Ala Val Ser Val Aia Leu Gly Gln

aga cac ttt tat cca 9%
Arg His Phe Tyr Pro
30

aca gtc agg
Tar Val Rrg T

kg
r Cys

2ac tgg tec eag cag aag cca gga cag goo oot gha okt gie ate tat 144
4sn Trp Tyr Gln Gln Lys Pre Giy Gln Ala Pre Val Leuw Val Ile Tyr
EE] 10 a5

gt aaa asc
Cly Lys Asn
50

atc coa gac cga hic ket gge tes 132

Tle Pro Asp ATg Phe Ser Cly Ser

ggo toa gga aas aca ggh Toc Tig ace ato act ggg goc cag gcd gaa “40
Gly Ser Gly Rsn Thr Gly 5er Lea Thr ile Thr Gly Ala &ln Rla Glu
€5 70 15 20

gat gag gck gac tat bac Lgt gge toc cgg gac age aght gght atc cat 288
#sp Glu Ala Asp Tyr Tyr Cys Gly Ser RBrg Rsp Ser Ser =1y Tle His

&5 80 25
gtg gta litc ggc goa gog ecc aag gko acc gite cta ugl 3z7
Val vl Phe Gly 3Ly Gly Thr Lys ¥al Thr Val Leu Gly
100 s

20> 65
=Z11l> 103
<2l2x FRT
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[§4
<213> Homo sapisng
<40f> 65
Ber Ser Glu Leu Thr #ln Rsp Pro Ale Val Ser Val aAla Lea Gly Gln
1 5 10 15
Thy Val Arg 1le Thr Cys Fln Gly Nsp Ser Ees Arg His Phe Tyr Pro
20 25 30
Asn Tzp Tyr Gln Gln: Lys Pro Gly Gle Rla 2re Val Leun Val Ils Tyr
35 40 &5
Gly Lys Asn Rsn Arg Pro Ser Gly Ile Pro Bep Ary ?he Ser Bly Serx
=0 55 &0

Gly Ser Gly Asn Thr Gly Ser Lea Thr Ile Thr Gly Ala Gln Rla Glu

&5 T0 75 [le]
Asp Glu Ala Rep Iys Tyr Oys Gly Sexr Arg Asp Ser Ser Gly Ile Eis

BS on 95
Val ¥sl Phe Gly Thr ¥al Leu Gly
100

«21l0m &6

<Zii» 354

<212 DA

<213> Homo sapiens

<2202
<Z21x CDS
<2EE> (1) .. {354}

<400 €6
gag gtg cag £tg ttg gag tot g9¢ gga gge thy gta cag cet ggg 999 48
Glu val Gln Leu Leu Glu Ssr Gly 3ly Gly Leu Val Gln fro Gly Gly

1 5 10 i5

tee ¢ty aga cte teoc tgt geoa goo tot gga tho ace ttt age ags tat 96
Ser Ien Arg Leun Ser Cys ala Ala Svr Gly Phe Thr Phe Ser Ser Tyr
20 25 30

goo abg age bgg gte ¢ge cag got Sea gy aag gog otg Jag tgg gto 244
Ala Met Ser Trp val Arg Gin Ala Pro Gly Lye Gly Len Glu Trp Val
25 40 43

tos gob att agt gt agt
Ser Rla Ile Ser Giy Ser
50

agc zca tac tac gos gac tac gtg 192
Eer Thr Tyr Tyr Ala hsp Scr Val
&0

aag ggc cod Lic scc ate toce aga gac zat too zag @at acy oig tat 240
Lys Gly Brg Pas Thr Ile Ser Arg Bsp Asp Ser Lya Bsn Tar Lou Tyr
80

65 T0 75

rkg cas atg aac age clg aga goo
Leu Gln Met Asr

yag pac scg goc gig tat tac tgl 2ge
Leu &rg Ala Gin Asp Thr Ala Val Tyr Tyr Cys
30 a5

0

grg ags 2T Gac gat Sac tag gac tkb gac tac bey qon cag ogy aca 336
kla Arg Asp Asp Asp Asp Tyr Asp Fhe Asp Tyx Trp Gly Arg Gly Thr
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160

atg gte acc gte teg
Mat va: Taor Val Ser
115

<210 av

<Zll> 118

<Z12» PRT

<213> Homo sapiens

<400 57
Gla Val 5ln Leu Leu
1 5

Ser Leu Arg Lsu Ser
20

Ala Met Ser Trp Val

Ser Rla Ile Ser Gly
50

Lys Gly Arg Phe Thr
85

Leu Gln Mgb Rsgn Sex

Bla Arg Asp hsp Aup
125

Met val Thr Val Ser
115

<210> &8

<211» 33¢%

©212> NNR

<213> Homo sapiens

<220>
<Z21x CO8
<22Z2> (L)..(333)

<4Q0> €8

osg tet otg btg acg

Gln Zer Val Lewd Thr
1 E]

azy gke ace atoc tob
hzg Val Thr Jle S=r
20

gct gke aac tgg tac
Alz Val Bsn Trp Tyr
35

ate tat gght aat gat
Ile Tyr Gly Asn Asp

Glu

Cys

Arg

Il=
70
Ten

Asp

Ser

cag
Gln

gt
Cys

cag
Glr

way
Glr

Ser

Ala

Gla

GLy

55

Ser

u

Bra

et
Ser

cag
Gin

o9
Azg

Gly

Ala

Alm

4C

Gly

Arg

Bla

Asp

cue
bro

165

Gly

Sexr
25

bro

ser

Asp

Clu

Fhe
195

toa
Ser

ags
Sex

25
cca

Ere

tea
Sorn

20

Ely

GLy
Gly

Thr

Asp
kU]

Aap

geg T

Alz
10

15

Ser

ag=
Gly

99y
ely

Phe

Lys

Tyr

Sar

75

Tyr

2cg
Thr

gte
Val

¥al

Thr

Gly

Tyr

1

Lys

Ala

aga

: GLly

BAC
Asn

goe
nhla

kra

Gln Tre
Fre Ser
39

Leu GLn

15

Iz Asp

Val Tyr

Gly Arg
an

goe ooe
Ala Pro

atc uga
Tle Gly
30

cCT aza
Fzro Lys
15

- gac cga

Asp Rrg

Ely &

i%

Leu

Tyr

Ely

ggt
Gly
is

-
4ot
@ o+

cte
Leuw

tte
Phe
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Tyr
80

Tir

cag
Gln

aab
Asn

cte
Leow

tolk

Zer

354

48

58

144

152
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30 35 a0

gyge “oc aag tot ggc ace teoa goc too obg guc 8te agt g9g ¢te cag 247
Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Rla Ile Sexr Gly Lew &ln
&5 0 15 g0

tol 929 got gay gct gat tat aac tgb gre gra Lgg sat gac sgo cohy 238
Seo Glu Bsp Glu Ala Pem Tyr Asn Cys Bla Ala Tvp Asp Asp Ser Len

an 30 25
agt qgb ceg glg tte gge gga ggg ace aeg cby acc ghc cta ggt g 334
Ser Gly Pro Vel Phe Gly Gly Sly Thr Lys Leu Thr Vel Leu Gly
100 205 110

<216 6%
<211» 117
TRT
«213> Howmo sapilens

<400x €9
Gin Ser Val Lew Thr Glp Ere Pro Ssr Ala Ser Gly Rhla Pro Gly Glp
1 5 10 16

Arg Val

Ile Ser Cys Ser Gly Sex Sex Ser Asn Ile Gly Ilc Asn
20 25 30

Ala ¥al Asn Trp Tyr Gle Gln Lew Pro Cly Thr Ala Fro
3% 40 45

Leu Leu

Ile FYr Giy Asn Asp Gin Arg Blo S Fro Asp Arg Fha Sor
40 55 (313

w
o
B4
3]

L=
<
e
ki

Gly Ser Lys Jer Gly Thr Ser Ala Ser Leu Bila Tle 3er Gly Teu Gln
(13 70 75 BO

Ser Glu Bsp Giu Ala Asp Tyr Asn Cys 8la Rla Trp Asp Asp S=r Leu
&5 8G 95

Ser Gly Pro Val Phe Gly Gly Gly Thr fLys Zeu Ihr Val Leu Sly
oo 198 s}

<210> 70
<211> 46

<212> PRT

<213> Momo sapisna

<400 70
Tyr Phe Gly Lys Lew Glu Ser Lys Lew Ser Val Ile Are Az Lea RBosn
1 > 1o 15

asp 3ln val Leu Phe Ile Asp Gln Gly Asn Arg Pro Leu Phe Glu Asp
20 25 30

Mot Thr Asp Ser Asp Cys Arg ASp Bsp Ala Pio Arg Thx iie Phe 1le
a5 40 415

Ile Ser Met Tyr Lys Asp Be
S0

Gln Pro Arg Gly Met Ala Val Thr Ile
60

fhH



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(132) JP 2004-500086 A 2004.1.8

W) 0158956 PCTAISN/4170

21

Ser vVal

€3

<210x
<211>
<alzx
<E13»

<4003

1

7L

34

PRT

Homo sapiens

Ti

Ehe Tew Bla Cys Gle Lys Glu Brg Asp Lew FPhe Lys Leu Ile Lex Lys
El 1o

15

Lys Glu Asp Glu Lev Gly Bsp Brg Ser Ile Mat Phe Thr Val Gln ARsn
a0

25 k)

Gl Asp
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3M B13Mt It Np maamnghul Infernaonal Search can od camed out. seafcally:

1
, Laims NOS.
— Getause hey are gepanaent claima ang are oot drafted m accardance wil e second and third sentences of Aule B.4ta),

3

Hox Il Obgervations wharg unity ot invention is 1acking (Contiuation of item Z ot first sheet}

This Intarnangnal Searching Authonity fpund muitipls wveauons. it this mlarnavanal epphcaton, 25 follewa:

see additional sheet

1. | 7] s ail raaured acdwonal search tees were imaly pad Dy e anpica. Ihis inermatonal Searen Report eovers ai

=earchatrs Glaims.

2 | As air searcrabk clums could be szacched vatnaut ellart ustdying an agaienal tes, this Authonty did not nvite payment

— ot any sdevuonat fee.

i As anky some of the requred adaitonal search taas were tmely pad by the mppbcant. this termananat Search Repan

o cavers priy thase ciain lar whieh taas wera pawl. soecrically 2lkims plas.:

ieant. Consequently, this inlornatanal Searcn Aepart 1S

4. [y ) o soaursd adeionai search feea ware mely pad by i€ 8o
grer Dy Clawms Nos.:

[ESINCLEE 10 TR IMvENNDN fitst menlioned in the Glarns: It 1§ Cov:

1-3,53,85,57,59 (part) and 60

Aemark an Prolest > The agoiional search fees were accompanied by ihe aophcant's pratest.

" No Drolass accompaniad the paymen of additional searcn lees.

Foren PCTITS A2 1D fgontnuanon of liest sheat () [uly 1998}
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This International Searching Authority found muitiple (groups of)
inventions in this international application, as follows:

i. Claims: 3-3, 53, 55, 57, 59 {part} and 63

4 compound capable af binding 2 fuman [L-18 amino acid
sequence or partion thgreof, wherein said amino acid
comprises a _sequence selected for the group censisting of
SEQ 1D ND:67 and SEQ 1D NO:68 and methods of irhibiting or
treating ipwolwing the use of said campound .

2. ¢laims: 4-19, 39-46 (part), 54 {part), 56 {part}),
58 (part) and 58 {part}

A human monoclonal antibody, or antigen binding portion
thereof, capable of binding to human IL-18 and isciated
nucieic acid encoding an COR of said antibedy, hest cells
containing the said nucleic acid, method of synthesizing
said antibody, pharmaceutical compositions comprising said
antibody, methods for inhibiting or treating involving the
use of said antibody.

3. Claims: 11-15, 36-46 (part), 54 (part). 56 {part).
58 (part} and 59 [part

an isolated antibody, or an antigen-binding portion thereof,
that hinds an epitope of human IL-18, or portion thereof,
comprising an aminp acid segquence setected from the group
comprising seg ID:3 and 32 and fsplated nucleic acid
encoding an COR of said antibody, host cells containing the
caid nucleic acid, method of synthesizing said antibody,
pharmaceutical compesitions comprising said antibody.
methods far inhibiting or treating invelving the use of said
antibody-

4. Claims: 16-21, 39-46 (part), 54 fpart), 56 (part],
58 (part) and 59 {part)

An isolated antibody, or antigen-binding portion thereof,
that binds to an epitope of human Ii-18, wherein the
antibody, or antigen-hinding porticn thereof, dissociates
from hiuman IL-18 with a koff rate constant of 0.1 s-1 or
less, as determined by surface plasmon vesonamce, o which
inhibits human [L-18 activity with an 1C50 of 1 1 10-6 M or
less and isalated nuclefe acid encoding an CDR of said
antibody, host cells containing the said nucleic acid,
methed of synthesizing said antibody, pharmaceutical
compositions comprising said antibody, methods for
inhibiting or treating tnvolving the use of said antibedy.

page L of 2
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5. Claims: 22-28, 32-35, 39-46 (part), 54 (part), 56 {part}.
58 (part) and 59 [part)

An isclated human antibody, or an antigen-hinding partion
theregf, comprising at least one variable region CDR domain
capable ¢f binding an epitope of human 1L-18 and isoiated
nucleic acid enceding an (DR of said antibady, host cells
containing the said nucleic acid, method of synthesizing
said antibody, pharmaceutical cempositions corprising said
antibedy, methods for inhibiting or treating involving the
use of said antibody-

6. Claims: 79-31, 39-46 (part}, 54 (part}, 56 (part},
58 (part) and 58 (part?

An isolated antibody, or an antigen-binding portion thereot,
with a variable region comprising an amino actd seguence
selected from the group consisting of seq IDst 14, 16 and 17
and isolated nucleic acid encoding an COR of said antibody,
host cells containing the said nucleic acid, method of
synthesizing said antibody, pharmaceutical compositions
conprising sajd antibody, methods for inhibiting or treating
iavoiving the use of said antibody.

7. Claims: 36-33, 39-46 (part), 54 (part}, 56 (part},
53 (part) and 59 {part)

4n jsolated antibady, or an antigen-binding portion thereof,
with a variable region comprising am amino acid sel ected
from the group consisting of seq IDs: 26, 27 and 2% and
isolated nucleic acid enceding an CDR of said antibody, host
cells containing the said nucieic acid, method of
synthesizing said antibady, pharaceutical compositions
comprising said antibody, methods for inhibiting or treating
involving the use of said antibody.

8. Claims: 47-52

A method of making an antibedy that binds human
interleukin-18 comprising exposing an antihody repertoire to
an antigen comprising an epitope of human IL-1% or portion
thereaf and selecting from the antibody repertoire an
antibody that hinds the epitope of human IL-18, or potian
thereof.

page 2 of 2
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