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THERAPFUITC HUMAN ANTHL-1R1L MONOCLONAL ANTIBODY

This application is related to and cleims priority to U.S. provisional application
Serial No. 60/408,719 filed Scptember 6, 2002, the disclosure of which is incorporated by

reference herein.

FIELD OF THE INVENTION

The invention relates to antibodies that hind interlevkin-t receptor type 1 (I1-
1R1) protein.  Compositions, particularly pharmaceutical compositions and methods Tor
treating of IL-1 medieted diseases, such as rheumatoid arthritis, osteoarthritis, und other

inflamatory condilions, arc also provided.

BACKGROUND OF TIIE INVENTION

Antibody Development

Taflemmation is the bhody’s respense to injuries resulting from mechanicsl
damage, infection, or antigenic siimulaticn. Inflammatory reactions often arc cxpressed
pathologically, Such conditions erise when the intlammation is expressed in an
cxaggerated manner, is inappropriuately stimulated, or persists after the injurious agent is

removed.

The inflammatory respouse is mediated, inter alia, by cytokines. Oue of the most
potent inflammatory cytokines yet discoverced is interleukin-1 (IL-1). An increase in -]
signaling causes persisient inflammation essocteted with several discases, and IL-1 i3
thought to be a key mediator in many discases and medical conditions. This cylokine is
manufacinred primarily (though not exclusively) by cells of the macrophage/monocyte -

lineage and may by produced in two formzs: {L-1 alpha (1L~ 1a) and IL-1 beta (IT.-1§).

11.-1 stimulatcs cellular responsss by interaching with a heterodimeric receptor
complex comprised of two trensmambrane preteins, IE-1 receptor tvpe I (IF-IRT) and TT.-
I receptor accessory protein (IL-1RAc?). TL-1 first binds to [L-1R1: 1L-IRAcP is then

restuited to this complex (Greenfeder et al., 1995, J. Biol. Chem. 270:13757-13705; Yoen
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and Dinarello, 1998, J. Immunology 160:3170-3179; Cullinan ¢ af., 1998, J Immunclogy
161:5614-5620), followed by signal trunsduction resulting in the induction of u cellular

TCSPOTISS.

Cell-based binding studies suygest that IL-1RAcP stabilizes the IL-1R signaling
complex by slowing thc ligand offrate (Wesche ¢ ¢f., 1998, FLEY Letters 429:303-350),
While ths interaction of the 15-1 with 11.-IR has beep thoroughly characterized, the
interaction. of 11.-1RAcP with lgand-bound receptor remains poorly defined. Since 1L-
IR AcI” has no signiticant alTinily for either 1L-1 or IL-1R1 alone, but high afiinity for the
complex, it follows ihat novel binding sites for 1L-1RAcP are created by the 1 -L/HL-1R
birding eveat, whish may cven include contributions from IL-1 residues (Ettorte ef al.
1997, Fur. Cytokine Neae, X:101-171) Anotker molecule, IL-] receptor antagonist (1L-
Iy competes with JL-1:¢ and 15 -1f tor recepior binding but fails to recruit J.-1RACP,
resulting in an oceupied but non-sigmaling secepior.  IL-! activity can additionally be
counterbalerced v IL-1R twpe 11, a decov receptor that binds ligand but does not
participate in signaling due to a tunemed inivacellular domein, 1L-1ra and TL-iR type 11
act to reduce the severity and duration of 1L-1 mediated inflammatory events (Wesche ef
al, 1998, FEBS Letters 429:303-300; Dripps ef al., 1991, J. Bioi. Chem. 266:10331-
16¥¥30: Dripps et al., 1991..) Biol Chem. 266:20331-20335),

Intertenkin-1 :nhibitors may be produced from any protein capabie of spea eally
preventing activation of cellular receptors to IL-1, which may resull {tom a number of
mechanisms.  Such mechanisius iclude down-reguleting I.-1 production, binding fres
I1.-1, intecfering with IL-1 binding 10 11-1R, interfering with formation of the 11.-1R-11.-
IRACP complex. or inkeriering with modulation of IL-1 signaling afier biuding {o s

receptor, Classes of 11 -1 inhibitors include:
o interleukin-1 receptor antagonists such as IL-1ra, as described below;

* anti-IL-1R monoclonal antibodics {(e.g., as disclosed in published European Patent
Application No. EI 623674, the disclosure of which is hercby incorporaied by

reference):

¢ ]L-1 hinding proteins such as soluble TT.-1 receptors (. g.. as disclosed in U], S,
Pat. Nos. 5492,8K8; 5,488,032 3,464,937, 5,319,071; and $5,180,812; the

disclosurss of which are hezeby incorporated by raicience):;
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e anii-f-I monoclony) antibodies (e.g., as disciosed in Tnternational Patani
Application Publication Nox. WO 9301997, W0 9402627, WO 9066371, U.S.
Pat. No. 4,935,343, EP 364778, EP 267611 and UP 226063, the disclosures of

which are hereby incorporated by reference);

o IL-1 receplor accessory proteins erd antibodies there ieg., as disclosed in
Inicrnational Patenmt Application Publication Nos. WO 9623067 and WO

9937773, the disclosure of which is herchy incorporiced by reference): and

+ inhibitors of interleukin-18 converting enzyme (ICLE) or caspase | (e.g., as
disclosed in Inicrnational Patent Application Publicaiion Nos. WO 99/46248, W0
99/27545, and WO 99447154, tie disclosares of which are hereby incorporated by

reference), which can be used to inhibit 11.-1,4 production and sacretion:
s interleukin-1f proteass inhihitors: end

e other coripounds and proteins that block in vive simthests o exirecllular release
of I1.- 2.

Txemplary 11.-1 inhibitore are disclosed in the following references: US Pat. Noz,
5,747,444; 5,359,032; 5,608,035; 5.843,805; 5,359,032: 5,864,576, 5,869,660; 5,869,313;
872,095; 5,955,450; and 5.905,504; Iternationzl Patent Apphication Publication Nog
WO98/21957. WOGKNA 2, WOLRITT184, WO96e4007, WOUS! 32733, WOORIIS,
WOUSE49AD, WOUSHTR02, W0OYSS6377, WOURAIRET, WL 06426, WOSSH6042,
WO91/27249, WOUS32733, WOUS17661, WOLT:08174, WO9S34326, WOLY/36426,
and WO094930415; European paremt gpplications  Publicanon Nos, LP334978 and
L189479; and French patent applicetion no. FR 2762514 The disclosures of all ol the

aforementioned references arc liereby incorporaied hy relerence.

Iderloutin-1 recepior anteponist (T1.-1x2) is o human Hrolein that acts as o nataral
inhibitor of interleukin-1 and is a member of the IL 1 family, wh'ch ineluces iL-1a and
IL-1f. Preferred receptor amtagonists (including [-Tra end vuriants and derivetives
thereof), as well as methods ot making and using thercof, are deseribed in ULS. Patesi No.
5.075,222: International Patent Application Publication Nes. WO 9108285 WO
91:17184; W092/16221; W093/21946;, WO 94:06457; WO 94721275, WO 94721235,
DI 4219626, WO 94720517, WO 9622793, WO 97/28828; and WO 99736341, Ausiratian
Patens Application No. AU9LTI6E36; and French Patent Application No. FR2TU772; e
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disclosures of which are incorporated herein by reference.  The proteins include

slvcasvlated as well as non-clyeosylared forms of IL-1 receptor antagonists.

Specifically. three uschiul forms of TL~1ra and varianis thereof are disclosed and
descrided in U.S. Paten: No. 5,075,222 (“the 222 patent™). 1L-Traa is characterized by
SDS-PAGY s a 22-23 kD molccule having an approximate isocleciric point of 4.8,
cluting from a Mono Q FPLC ¢olumn at around 52 mM NaCl in Tris butfer, pH 7.6, 1L-
lxsp is characiorized as a 22-23 kD protein, eluting from a Mono Q column at 43 mM
NaCl  Both [L-1rau and T1-1raf are glveosylated. 1T -Irax i3 characterized as a 20 kD
potein, eiuting {rot a Mono Q columa at 48 mM NaCl, and is non-glycosylated. ‘Ihe
222 patent also discloses mmethods for isolating the yenss responsible for coding the
inaipitors, cloning the gene in suitahle vectors and coli types, and expressing the geue fo
produce the inhibitors. While efiective, 1L-1ra has a relatively short hall~life. In corrent
use, 1L-1ra is administersd once 4 day. ‘The art would thus benefit from an antagonist of

he T1.-1 receptor with an eppreciaply longer half-life.

Preveming 1T.-1 signaling by inhioiting 1L-1 from binding the IL-1 recepior is an
zitractive therapeutic approack: for treating 11-1 mediated discases. There is a need in the
art tor chinically effective inhibitors of the IL-1 signaling pathway that muay ameliorate
the effects of IL-1 mediated (iseases and are suitable for delivery into human patients, A
human antibexly that blocks |l-1 signaling would be particularly advantageous in

fulfilling this nead and would provide a longer halfelife than carrently av ailable therapy.

SUMMARY OF THE INVENTION

The mventton provides nonoclonal cntibedics that bind to interlevkin-1 receptor
type I (TL-1R1). Dreferably, the aniibodies inhibit IL-1 signaling by compcting with T1.-
[Jand JL-leebinding to IL-1R 1. Also vrovided by this tnvention are hybridoma cell lines
that produce, and mwost preferadly, secrete into cell culture media the monoclonal
an‘toodies ot the invention. The antibodies of the invention successfuily block 11.-1
sidnaling it human cells and ure useful thereby in treating patients with 10-1 mediated
dizcases. The invention further provides fusion proteins comprising the sequence of an
antioody Fe region and one or more sequences seiected from the group consisting of SEQ
1) NO: 16, SEQ 1D NO: 12, SEQ ID NO: 14, STIQ D NO: 16, SEQ M NO: 18, SEQ ID
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NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ iD NO: 26, SLQQ ID NO: 28, SEQ 1D
NO: 30, SEQ 11D NO: 32, SEQ ID NO: 34, SEQ 1D NO: 36. SLQ 1) NO: 38, and $1:Q ID
NO: 0. Such molecules can be prepared using methods as deseribed, for cxample, in
WO 00724782, which is incorporated by refercnce, Such molecules can be expressed, for
cxauiple, in. mammalian cells (e.g. Chinese Hamster Ovary cells) or bacterial cells (e.g. E.

coli cells).

In certain aspects, the invention provides antibodies, preferably monoclonal
entihadies, most preferably humen antibodics, comprising a heavy chain and a light
chain, wherein the heavy chain comprises an amiio acid sequence as sei forth in any of
SEQ 1D NO: 2, SEQ ID NO: 6, or SEQ ID NO: & or an aatigen-binding or an

immunologically functional immunoglobulin fragrent thereuf,

The invention also provides anitbodics, preferably monoclonal antibodies, most
preferably Tiumean amibodies, comprising a heavy chain and a light chain, whersin the
light chain comprises an amino acid sequence as set forth in SEQ 1D NO: 4 or an anligen-

binding or an immunologically fanciional immunoglobulin fragment thereof,

In certain aspects, antibodies of {he inveniion comprise a heavy chair and a light
chain, wherein the variable region of the heavy chain comprises an amine acid sequence
as set forth in any of SEQ ID NO: 10, SEQ ID NO: 14, or SEQ 1) NO: 16 or an antigen-
binding or an immunologically funciional immunoglobulin fragment thercof. Tu other
aspects, the light chain variablé region comprises an amino acid sequence as set forth in
any of SEQ ID NO: 12 or SEQ 1D NO: 18, or an antigen-binding or an immunologically
functional imrunoglobulin fragment thereof. 1In additional aspects, the heavy chain
comprises an amino acid sequence as set forth in any of SEQ 1D NO: 20, SEQ IID NO: 22,
SEQ T NO: 24, SEQ ID NO: 26, SEQ 1D NO: 28, SEQ 1D NO: 30, SEQ 1D NO: 32,
SEQ 1D NO: 34, or SEQ ID NO: 36, or an amigen-binding or an immunologically
functional immunoglobulin fragment thereof. In still further aspeets, the light chain
compriszs an amino acid sequence as set forth in any of SEQ 1D NO: 38 or SEQ ID NO:
40, or an antigen-binding or an immunologically functional iromunoglobulin fragment
thereof, Such anttbody chains are vsetinl in preparing an'ibodies thae bind specifically to
1L-1R1 and also in preparation of bispecific antibodies in which the resulting molecale

binds te 1L-1R] and/or to anoiher target molecule (c.g., TNF or a TNF recepior).
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The invention also provides antibodies thet bind specifically to 1T.-1R1, wherein
fhe heavy chi'n comprises a heavy chain vardable region comprising an amino acid
sequence as set forth in SEQ 1) NO: 10, or an antigen-binding or an immunalogically
tfunctional immunoglobulin fragmert thercof, and the light chain cornprises a light chain
variable region comprising an 2mino acid scquence as set forth in S3:Q 1D NO: 12, or an

antigen-binding or an immunologically functional immunoglobulin fragment thercof.

In certuin aspects, the invention also provides antibodies, comprising a heavy
chain and a light chain, wherein the heavy chain comprises a first variable region, and
wherein the first varjable repion comprises a seguence that has at least 90%.. more
sraferably at least 95%, and most preivrably ebout 99% identity to the amino acid
sequence ax set forth in SEQ 1) NQO: 10 and wherein the light chain comprises a second
variable region. and wherein the second variable region comprises @ sequence that has at
least 90%%, more preserably at least 95%, and most preferably about 99%. identity to the
amine acid sequence as sct forth in SEQ 113 NO: 12, wherein the antibady interacts wiih
IL-1RT.

The inveniion further provides antibodies that specifically bind to IL-1RL,
winrcin the heavy chain comprises a heavy chain variable region comprising an amino
acid scquesice as sol forih i SEQ 1D NO: 14, or an antigen-binding or an
immunologically ametional ionnunoglobulin. fragment thercol, and the light chain
comprises a light chuin variable region comprising an amino acid sequence as sot forth in
SEQTD NO: 12, or an :anligen-binding or ac immunologically funciional imnruneglobulin

Tapnient thereof,

I certein aspeets, the invention provides antibodies, comprising a heavy chain
ard « light ehain, wherein tie heavy chain comprises a first variable region, and wherein
the first variable reglon cumprises a sequence that has at least 90%, more preferubly at
Teast 554, and most preferebly sbout 99%, identity to the wmino acid sequence as set
forth m SEQ 1D NO: [4, and wherein the light chain comprises a sccond variable rogion,
and whercin the second variable region comprises a sequence that has at least 9%, more
preferably al least 95%, and most preferably about 99%, identity to the amino acid

sequence 25 &2t forth i SEQ [ NO: 12, wherein the antibody interacts with 11.-1R1.

The invention also provides antibodies that bind specifically to [L-1R1, wherein
the peavy chain congrises a heavy chain variable region comprising an amino acid

&
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sequence as set forth in SEQ 1D NO: 16, or an antigen-binding or an immunelogically
functional immunoglobulin fragreut thereof, and the light chain comprises a Hiht chain
variable region comprising an amino acid sequence as set forth in SEQ D NO: 18, or an

antigen-binding or an immunologically fanctional immunoglobulin fragment thereof.

In certain aspects, the invention provides antibodics, comprising a heavy chain
and a light chain, wherein the heavy chain comprises a first variable region, and wherain
the first variable region éomprises a sequence that has at least Y%, more preferasly at
least 95%, and most preferably about 99%, identity to the amino acid sequence us set
forth in. SEQ 1D NO: 16, and whercin the light chain comprises a second variable region,
and wherein the second variable region comprises an amino acid sequence that bas at
least 90%, more preferably at Teast 95%, and most preferably about 99%, identity to the
amino acid sequence as set forth in SEQ ID NO: 18, wherein the antibody intersets with
IL-1R 1.

The invention also provides antibodies that bind specifically to TT-1R1, wherein
the heavy chain comprises an amino acid sequence as scl forth in SEQ ID NO: 20, SEQ
ID NO: 22, SEQ 1D NO: 24, SEQ 1D NO: 26, SEQ 1D NO: 28, or SEQ 1D NO: 30, or an
antigen-binding or an immunolegically functional immumoglobulin fragment thereof, and
the light chain comprises an amino acid scguence as ser forth in SEQ ID NO: 38, or an

antigen-binding or aa immunologically functional immunoglobulin fragment thereaf,

The invention further provides aniibodics that hind specifically to 1L-1R1,
whercin the heavy chain comprises an amino acid sequence as set forth in SEQ 1D NO:
32, SEQ ID NO: 34, or SEQ ID NO: 36, or an antigen-hinding or an immunologically
funciioral immunoglobulin fragmem thereof, and the light chain comprises an amino acid
sequence as set forth in SEQ 1D NO: 40, or an antigen-binding or an immunologicalty
functional immunoglobulin fragment thereof.

The invention also provides cmbodiments of all of the foregoing that are single
chain antibodics, single chain ¥v antibodies, Fab artibodies, Fab’ antibedics and (Fab’:
antibodies.

Tn particulsr aspects, the invention provides a ligit chein comprising an amino
acid sequence as set forth in any of SEQ 1D NO: 38 or SEQ 11> NO: 40, or an antigen-

binding or an immunologically finctional immunoglobulin {ragment thereof.
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Tn addition, the invention provides a heavy chain comprising an amino acid
sequence as set forth i any of SEQ D NO: 20, SEQ ID NO: 22, SEQ 1D NO: 24, SEQ
113 NQ: 26, SEQ D NO: 28, SEQ TD NO: 30, SEQ T NO: 32, SEQ ID NO: 34 or SEQ
ID NO: 36, or an antigen-binding or an immunologically functional inmnunezlobulin

frugment thercof.

The ‘uvention also relates to isoizted human antibodics that specttically bind IL-
1R1, wherein the antibody comprises: (1) human heavy chain ramework regions, a
hunum heavy chain CDR1 region, a human heavy chain CDR2 region, and a human
heavy chain CDR3 region; andd (b) human light chain framework regions, a human light
chain CDRI region, a human light chain CDR2 region, and a human light chain CDR3
repion, I certzin aspeuts, the haman heavy chain CDRI region can be the hzavy chain
CDRI region of 26FS. 2712, or 15C4 as shown in Figure 10 and the human light chain
(DRI region cani be the tght chain CDRI1 region ot 26FS, 2782, or 15C4 as shown in
Tigure 11, In other aspocts, the human heavy chein CDR2 region can be the heavy chain
CHR2 region of 2085, 27F2, or 1504 as shown in Figure 10 ¢nd the human light chain
CI2:22 region can be the light chain CDR2 region of 26F5, 27F2, or 15C4 as shown in
Tigure 11, In sull other aspects, the human heavy chain CDR2 region is the heavy chain
CDR3 region of 260k, 27V2, or 15C4 as shown in Figure 10, und the human light chain
CDR? region is the light chain CDR3 region of 26K3, 27F2, or 15C4 as shown mn Figure
11

In addition. the invention provides an isolated human antibods that specifically
binds to interloukin-1 receptor type 1{I1.-1R1), comprising: & hwman heavy chun CDR1
region, wherein the heavy chain CDRI has the amino acid sequence of SEQ ID NO: 61.
SEQ ID NO: 62, or SEQ D NO: 63; a human heavy chain CDR2 region, wherein the
heavy chain CDR2 has the amino acid sequence of SEQ TD NO: 64, SEQ ID NO: 65, or
SF( 1T NO: 66; und’or 4 human heavy chain CDR3 region, whercin ihe heavy chain
CDR3 has the amine acid sequence of SEQ ID NO: 67, SEQ T NO: 68. or SEQ ID NO:
04,

The wention also provides an isolated humen antibody that specificaily binds 1o
interleukin-| receptor type 1 {iL-1R1), comprising: a human light chain CDRI region,
whercie: the light chain CDRT has the amino acid sequence of SLQ TD NO: 70 or SEQ I
NO: 711 2 human heavy chain CDR2 region, wherein the heavy chuin CDR2 has the

8




N

16

20

30

WO 2004022718 PCTILS2003/027978

amino acid sequence of' SEQ ID NO: 72 or SEQ ID NQ: 73; and/or a humen heavy chain
CDR3 region, whereio the heavy chain CDR3 kas the amine acid sequence of SEQ 1D
NO: 74 or SEQ ID N 75,

In eertain embodiments, the antibodies of the invention bind to the third demsin of
IL-1R1, whick is shown in Figure 17, Preferably, the epitope for an untiboedy of the
mvention consists of the wrino acid sequence YSV. which is referred w as Epitope 4
hercin and shown in Figure 24, The invention further relates to fision proteins ml other
molecules capable of binding to Faitope 4 (together with the aforementioned entibodizs.
collectively referred to borein as “specific binding partners”), such as 1nay be prepared
using methods av deseribed, for exumple, i1 WO OAZE782) whieh is benrporatzd by
reference. Such miofecules can be expressed, for exauple. in manunalin cells (e

Chinese Hamsiar Ovaoy cells) or bacterial eells (e.z. 7. eafi cells).

Furthermere, the invention provides a :rethod for epitope mupping of & selected
antigen. In one aspeet, the methed comprisss the steps of: (a) generating o sel of fusion
proteins, wherein sach fusion protein comprises (i) avidin &nd (i) a fragment of the
antigen; (b) screening the set of fusion proteins for binding to one or more specific
binding pattners for the antigen; (c) isolating the {usion proieins on & medium conprising
biotin, wherchy the avidin binds 1o the biotin; and (d) analyzing the fusien proteins bound
by the specilic binding partner or partners to determine bindine sites an the antigen lor
the specific binding partner or partnews. In a particubar aspect. the specific binding

pariners are snithodies.

In addicenal embodiments, the inveniion provides metwds fer wreating «n -2
madiated  discase, condidien or disorder, comprising the swep of scmiusiering u
pharmacentically cffective amount of one or a plurality of monuclonal wntibadies ot the
inven'ion ot an adigen-binding or an mmunologically tunctional imnnonglobulin

fragment thereof to an individual in need thereof.

The iuveniion also provides methods for dewecting the level of IL-1R1 in a
biological sample, comprising the step of contaciing the sample with a monoclonal
antibody ef the invention or antigen-binding fragment thereot. The anti-IL-1R antibodies
of the invention may be emiploved in any known assay method. such us competitive
binding assays, direct and indirect sandwich assavs. immunoprecipitation wssiys and
cnzyme-linked immunosorbent assavs (ELISA) (See, Sola. 1987, Moneclonal Autibodies:
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A Manual of Technigues, pp. 147-158, CRC Press, Inc.) for the detection and quentitation
of IL-1R. The antibodies can bind IL-1R with an affinity that is appropriate for the assay
method being employed.

Specific preferred embodiments of the invention will become evident from the
following more detailed description of certain preferred embodiments and the claims.

BRIEF DESCRIPTION OF THE FIGURES

Figures 1A-1B depict a cDNA sequence (Fig. 1A) encoding a human anti-IL~-1R1
antibody heavy chain IgG1 constant region (SEQ ID NO: 1) and the amino acid sequence
(Fig. 1B) of a human anti-IL-1R1 antibody heavy chain 1gG1 constant region (SEQ ID
NO: 2).

Figures 2A-2B depict a cDNA sequence (Fig. 2A) encoding a human anti-IL-1R1
antibody kappa chain constant region (SEQ ID NO: 3) and the amino acid sequence (Fig.
2B) of a human anti-IL-1R1 antibody kappa chain constant region (SEQ ID NO: 4),

Figures 3A-3B depict a cDNA sequence (Fig. 3A) encoding a human anti-IL-1R1
antibody heavy chain IgG2 constant region (SEQ 1D NO: 5) and the amino acid sequence
(Fig. 3B) of a human anti-IL-1R1 antibody heavy chain IgG2 constant region (SEQ ID
NO: 6).

Figures 4A-4B depict a cDNA sequence (Fig. 4A) encoding a human anti-IL-1R1
antibody heavy chain IgG4 constant region (SEQ ID NO: 7) and the amino acid sequence
(Fig. 4B) of a human anti-IL-1R1 antibody heavy chain IgG4 constant region (SEQ ID

. NO: 8).

Figures 5A-5B depict a cDNA sequence (Fig. 5A) encoding the 26F5 anti-IL-1R1
antibody heavy chain variable region (SEQ ID NO: 9) and the amino acid sequence (Fig.
5B) of the 26F5 anti-IL-1R1 antibody heavy chain variable region (SEQ TD NO: 10).

Figures 6A-6B depict a cDNA sequence (Fig. 6A) encoding the 26F5 anti-IL-1R1
antibody kappa chain variable region (SEQ ID NO: 11) and the amino acid sequence
(Fig. 6B) of the 26F5 anti-IL-1R1 antibody kappa chain variable region (SEQ ID NO:
12).

10




10

20

[0
h

WO 20047022718 PCT/US2003/02797%

Figures 7A-7B depict a cONA sequence (Fig. 7A) encoding the 272 anti-1) - 1R 1
antibody heavy chain variable region (SEQ ID NQO: 13) and the amino acid sequence
(Fig. 7B) of the 27F2 anti-1L-1R1 antibody heavy chain variable region (SEQ 1D NO:
14).

Figures 8A-8B depict a cDNA sequence (Tig. 8A) encoding the 15C4 anti-11~-1R1
antibody heavy chain variable region (SEQ ID NO: 15) and the amino acid sequence
(Lig. 8B) of the 15C4 anti-IT.-1R1 antibody heavy chain variable region (SEQ (D NO:
16).

Figures 9A-9B depict a cDNA sequence (Fig. YA) encoding the 15C4 anu-1 - 1R 1
antibody kappa chain variable region (SEQ ID NO: 17) and the amino acid seguence
(Fig, 9B) of the 15C4 anti-TL-1R1 antibody kappa cliuin variable region (SEQ 1D NO:
18).

Figure 10 shows un amino acid sequence alighment of hezvy chains from auti-11-
1R1 antibodies designated 15C4, 2782, and 26I'5.  The complemertarity determining
regions (CDRs) are underlined. CDR1 for 26F5 is designated SEQ ID NO: 61; for 27F2
is designated SEQ ID NO: 62; lor 15C4 is designated SEQ TD WO: 63. CDR2 for 20F5 is
designated SEQ ID NO: 64; for 27F2 is designated SEQ ID NQO: 65; for 15(4 is
cesignated SEQ 1D NO: 66. CDRI for 26F5 is designated SEQ 1D NO: 67; for 27F2 s
designated SEQ ID NO: 68; for 15C4 s designated SEQ 11 NO: 69.

Figure 11 shows an amino acid sequence alignment of Iight chains from anti-1L-
Ri-y antibodies designated 153C4, 27F2, and 26F5,  CDRI1 for 26F5/27F2 is designated
SEQ 1) NO: 70; for 15C4 is designated SEQ 11D NO: 71. CDR2 for 201°5/2712 is
designated SHEQ ID NO: 72; for 15C4 is designaied SEQ I NO: 73, CDRI for
261372782 is designated SEQ 1D NQO: 74: for 15C4 is designated SEQ ID NQO: 75.

Figure 12 is a graph iliustrating the mhibitory effect of anti-IL-1R1 antibodies on

1T -TRAT-15/T.-1RACP complex formation.

Tigure 13 is a graph showing the inhibitory effect of an anti-IL~1R1 monoclonal
antthody as described herein avd designated 15C4 on IL-1R/IL-1o¢IL-1RacP complex

formation.
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Figure 14 is a graph representing the ability of anti-IL.-1R1 antibodies to block IL~
18 binding while not significantly interfering with binding of IL-1ra compared with IgG

control.

Figure 15A is a graph showing inhibition of IL-6 production in primary human
chondrocytes by anti-[L-1R1 antibodies identified herein and designated 15C4, 26F5, and
27F2 compared with IL-1ra.

Figure 15B is a graph showing inhibition of IL-6 production in primary human
chondrocyies by IL-1ra and monoclonal antibodies 15C4 and 27F2 compared with the
class of monoclonal antibodies represented by 10H7 and 24E12.

Figure 16 is a graph showing inhibition of IL~6 production in human whole blood
by anti-IL-1R1 monoclonal antibodies designated 15C4, 26F5, and 27F2 compared with
IL-Ira. '

Figure 17 depicts human amino acid (SEQ ID NO: 76) and nucleotide (SEQ ID
NO: 77) and rat nucleotide (SEQ ID NO: 78) and amino acid (SEQ ID NO: 79) 3%
domain IL-1R1 sequences. The numbered bars above the human sequence indicate the

15 different sites mutated to construct the 15 different mutated proteins. The rat residues

introduced by mutation are listed below the rat nucleic acid sequence.

Figure 18 shows Western blot analysis demonstrafing anti-IL-1R1 monoclonal

antibody recognition of TL-1R1 mutants.

Figure 19 is a drawing representing (I} activation of the IL-1 signaling pathway,
which starts with binding of IL-18 to IL-1R1, and recruitment of IL.-1RacP, and three
classes of anti-IL-1R1 antibodies: (I) 3™ domain epitope IL~1 blockers, () 3™ domain
epitope RAcP blockers, and (IV) 1%/2™ domain epitope IL-1 blockers.

Figure 20 depicts the crystal structure of 15C4 and 27F2 with mutation 10 as
described herein. The gray residues indicate the 15C4 and 2782 epitopes.

Figure 21 depicts the 15C4 epitopes in the third domain of extracellular IL-1R1,
Figure 22 depicts 24E12 epitopes in the third domain of extracellular IL-1R1.

Figure 23 depicts the amino acid sequence (SEQ ID NO: 59) of the avidin-human
IL-1R1-FLAG chimeric protein of the invention.
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Vigure 24 depicts the amino acid sequence (SEQ ID NO: 60) of an avidin-
cynomoigus [L-1RI-FLAG chimeric protcin.  Ilie recombinant chicken  vidin
(lialicized) is joined o ihe muture extracellular domain of cynomolgus II-1R1
(uncerlined, with C-terminal FLAG tag in bold) by « 6 amino acid lioker, Tour amine
acids from: human IL-IR1 that were inrroduced alone and in combination into the
cynomolgus sequence are in bold under the cynomelgus sequence. Tpitepe 4 i3 dold,

italicized, and underlined.

Figure 25A shows a Western blot anzalysis of anti-tuman IL1-R1 antibody (anii-
hu'L1-RI} binding to 1-1R1. The * indicates that amtibodizs were used al 5 gygml,

whereas in the remaindes antibudics were used ui 1 gpml.

Figure 23B shows a summary of e densizomrerric analyais of a Jduplicats sct of

Western blot experimeonts.

Figure 26 shows yranhs representing tue binding of and-hulL IR antibodies to

avidin IL-1R1-FLAG proteins in 2 multiplexed bead-based binding ussay,

DETAILED DESCRIPTTON OF CERTALN PREFERRED EMBODIMENTS

The section headings used herein are for erganizational purpeses only and are not
to bu construed as limiting the subicct matter deseribed.  All refercnces cited in ihis

application are expressiy incorporated by reference herein for any pumpose.

Definitions

A disease or muedical condition is considered to be an “interleukin-i (I1.-1)
mediated diseirse” if the natural!lv-occurring or experimentallv-induced disease or mecice!
condition is associated with elevated Tevels ot TL-1 ia bodily Huids or tissee or if cells or
{issues taken from the bedy produce elevared levels of 1L-1 i culiure. Elevated levels of
fL-1 can inciude, for cxample, levels that exceed those normally tound in a particular cell
or tissue. or can be any detectable Ievel of -1 in a cell or tissue that normally does not
express -1, In many cases, 11.-1 mediated discases are #lso recognized by the following
additiona] iwo conditions: (1) pathological findings associated with the disease or medica]
conditior cin ¢ mimicked cxperimentally i animals by administration of IT.-1 or up-

regulction of expression of I.-1; and (2} a pathology induced in experimerdal znimal
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models of the discass or medical condition can be inhibiled or abolished by treaument
with agents that inhibit the action of 1L-1. Tn most [L-i mediated discascs at icast two of
the thres conditions are met, and in many I1.-1 mediated diseeses all three conditions are

met.

A non-cxclusive list of acute and chronic TL-1-niediated discases inciwdes but is
not linied 1o the following: acute pancreatitis; amyclolateroschlcrosis  (ALS);
Alzheimer’s disease; cachexia/enorexia, including AlDS-induced cuchexia; asthma and
other pulmonary diseases; atherosclerosis: awoiimmune  vasculitis; chronic fatigue
svodrome; Clostridium associated illnesses, inchuding Closiridinm-associated diarries;
corenary conditions and indications, including congestive heart failure. coronery
restenosis, myocardial infarction, myovardiul dysfunction (e.g., related to scpsis), and
coronary arlery bypass grafi; cancer, such as muliple myeioma and myclogenous (e.g.,
AML or ML) and other leukermtas, as well &s tumor nwtastasis: diabetes (e.g.. insuiin-
dependent diabetes): endometriosis; tover; fibromyalgia; glomuerulonepbritis: grait versis
host diseaseuransplant rgjection; hemorrhagie shock; hyperalgesia; indliminatory bowel
disexse; inflsmmatory conditions ot a joint, including osteoarthriiis, psoriatic arthrtis and
rheumatoid arthritis; inflammatory zve disense, as may be associated with, c.g.. corneal
trarsplant; ischenda, iuchuding cercbral ischemia (e g, broin injury 4s a result of trauma,
eplicpsy, hemorhage or stroke, each of which may lead to neurodegensration);
Kawasaki’s diseuse; leaming bupairmeny long discases (e.g., ARDS); muliple sclerosis;
myapathics (e.g., muscle protein metabolism, espectally in sepsis); neuroloxicity (e.g., as
indueed by HITV); osteoporosis; paia, including cancer-related pain; Parkinson’s discase;
perivdoutal discasc; pre-tern: [ahor; psoriasis; reperfusion mjury; septic shock: side

{ects from radiation therapy: temporal mandibnfar joint disease; slecp distorbance;
uveitis; or «n mflaminatory condition resuliing from steain, sprain, cartilage damage,
trauma, orihopedic surgery, intection or other discase processes.  Methods of the
mventon for treating toese acute and chironic [1-1-mediated diseases, as well as oiher 1L-
l-mediated conditions and discasss. are described below.

Conventivnal  techriques may be uvsed for prepuring recombinant DNA,
pecforminy oligonacleotide synihesis, and practicing tissue culiure and transformation
{e.g.. electroporation, transiection or lipofection). Enzymatic reactions and purification

teciniques miay de performed acvording to manufuciurer’s specifications or as comnionly
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accomplished in the art or as described herein. The foregoiny teehnigues and procedures
may be generally performed aceording 1o conventional methods well known in the art and
as Jdeseribed in verious general and more specific refersnecs that are cited and discussed

throughou{ the present specification.  See. e, Sumibrook w1 af., 2001, Moiceulor

h

Cloning: A Laboratory Manual, 3rd ed., Cold Spring Harbor Tsboratry Press, Cold
Spring Herbor, WY, which is incomporated herein by reference for any puposs. Uniess
speciiic defimtions are provided, the nomenclature wtilized in conncction with, and the
laboratory mocedures and  fechniques of, analytical cherisiry, synthetic ovgenic
chemistry, and tuedicinal und pharmaceuticsl chemistcy descaibed herein are those well
10 known end commonly vsed in the art. Standard techiigues may be used tar chemical
syitheses, chemical analyses, pharniaceuttcal preparation. formalaion, and delivery. and

treataient of patienty,

As utilized in accordance with the present disclosuze. the foilowing terms, tnless

otnerwase indicated, shall be understeod 1o have the following meanings:

13 The tenn "isoluted polynocleotide” means that the sabject polynucieonds, (1) 15
not ussociated (covalently or poncovalently § with all or a portion of other pohanicleotides
with which the subject polybucleotide is associated n nature, (2) is associated with a
molecule with which it is not associated in mafure, or (3) does not ceeur in nutwre
assodiated with any othar polyoucieotides.  Such un isolated polynucleotide may be
20 genomiv DNAL ¢DNA, mRNA or other RNA, of synihetie onigin. ot any cotdination

thereofl
The ern “ivolated profein” reforred to herein mwcans thut a subiect protein (1) is
i . i )
itee of wt least some other proteins with which it would normally be found, (2) is

essentially frue of olner proteins from the same souree, e.g., from the stme species, (2) i

[
A

eapressed by a cell from a difierem speeies, (4) has been separated from ai least wbout St
pereent of polvnucieotides, lipids, carbohydrates, or other materials with which it is
associaled in natare, (5) is not associated (by covalent or noncovaient interaction) with
portions of 4 protein with which the “isolated protein” is associzied ia nawre, (6) iz

operab’y assomated (by covalent or noncovalent interaction) with a pelypeplide with

D
=

fow

which it 1s not associated i1 natare, or {7) does not oceur in pature.  Genoric NA,
cINA, mRNA or other RNA, of synthetic origin, or any combinatinn thereof niay encode
swh en jsolated protein. Preferably, the isolafed protein is substandally free from

1
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proicins or polypepiides or other contaninants that are found in its natural environment

that would interferc with its therapeutic, diagnostic, prophylactic, research or other use.

The terms "polypeptidc" or “protcin” means anc or morc chains of amino acids,
wherein each chain comprises amino acids covalently linked by peptide bonds, and
wherein said polypeptidc or protein cat comprise a plurality of chains non-covalently
andfor covalently linked together by peptide bonds, having the sequence of native
proteins, that is, profecins produced by naturally-occurting and specifically non-
recombinant cells, or genetically-cngincered or recombinant cells, and comprisc
molecules having the amino acid sequence of the nuiive protein, or molecules having
delstions from, additions to, and/or subsiitutions of ouc or more amino acids of the native
sequence, The terms “polypeptide” and “protein” specifically eacompass anti-IL1-R1
antibodies, or sequences that heve deletions from, additions to, andsor substtiutions of one
or more amino acid of an anti-ILR-1R1 antibody. Thus, a “polypeptide” or a “protcin™
can comprising one (termed “a monomer™) or a plurality (termed “a multimer™) of amino

acid chains.

The term “polypeptide iragmeni” refers to a polypeptide, which can be monomeric
or multimeric, that has an amino-terminal deletion, a carboxyl-terminal deletion, and/or
an internal deletton or substitution of a naturally-occurring or recombimantly-produced
polypeptide. In certain embodiments, a polypepiide frugment can comprise an amine acid
chain at least 5 o abowt 300 amino acids long. 1t will be appreciaicd that in certain
cmbodiments, fragments are af least 5, 6, 8, 10, 14, 20, 50, 70, 100, 110, 150, 200, 230,
300, 350, 400, or 450 amino acids long. Particularly usefitl polypeptide fragments include
functional domains, including binding domains, In the cuse of an anti-IL1-R1 wiiibody,
useful fragments include, bur are not Hmited to: a CDR region, especially a CDR3 region
of the heavy or light chain: a variable domain of a heavy or lighi chain; a portion of an

antibody chain or just its variable region including two CDRs; and the like,

The term “immunologically functional immunoglobulin fagment” as used borein
refers 10 2 polypeptide fregmeni that coniains ei least the variable domains of the
immunoglobulin - heavy and  light chains. An  imunvnologically  funcrional
ymnunoglobulin fragmenst of the iuvention is capable of binding to a ligand, preventing
binding of the ligand to its receptor, interrupting the biological response resultg from

16
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ligand binding o the receptor, or any combination thereof.  Preferably, an
immunoloyically functicnal immunogiubulir fragment of the invention hinds specificaily
to IL-1R1.

The ierms “naturally ocourring” and “native™ mear thut the biolugical materials

S (molecules, sequences, protein complexes, cells, #nd the likel to which the terms are
applicd cun be found in nature and are not manipulated by man. For example, a
polypeptide or polynucleotide sequence that is present in an orgamism (including vinises)

that can be isoluied from a source in nuture and that has not besn mtentionally modified

hy mun is naturally eccurring, Tikewise, the terms “non-naturally ocewrring” or “non-

[0 native” refer to 2 material that is not found in nature or that has been «tmeturally modificd

or synthesized by man.

The tenm "operably linked” means that the compaeneats wo which the term 1y
apphied are in a relationship tiid allows them to carry ot thair inberent ivnctions under
suiianle conditions. Tor example, a corntrol sequence "operably linked" to a protein

15 coding sequence is ligated thereta so that expression ot the protein coding sequence is
achieved under conditions compaiible with the wanseniptional activity of the control

sequences.

The termy "control sequence” means that the subject polynucieotide sequence can

efect expression and processing of coding sequerces to which it is ligatad. The nature of

20 such control sequences may dupend upon the host organistn, In particular erubodiments,
contral sequences for prokaryotes may include a promaoter, rhbosomal hinding site, and
ranseription tennination sequence.  In other paniculur vmbediments, control seguences

for eukarvotes mayv include promoters comprising one or a plurality of recognition siics

for transcription Zactors, trunscription ephencer secnences, and trunseription termiration

25 sequence.  lu certain embodiments, "contre]l sequences™ can mncade Jeader scguences

and/or fugion panner sequences.

The term “polvancieotide” means single-stranded or double-stranded nucleic acid
polymers of at least 10 bases in length.  In certuin embodiments, the nucleotides
comprisipg the polynucleotide can be rbonucleotides or deoxyniberuclestides or a

W modifled form of cither fype of nucleotide.  Said modificafions mecluds base
moditicutions such 24 bromouridine and inosine dedvatives, ribuse modifications such as
2°.3°-dideoxyribuse. and internucieotide linkage moditications such as phosphorothioute,
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phosphorodithioats, phosphoroselenoate, phosphotodiselenoate, phosphorcanilothioate,
phoshoraniladute and phosphorcamidate. The term includes single and double stranded

fornis of DINA.

The term "oligonucleotide” means a polynucleoiide conpnising a lengih ot 200
bases or fower. In preferred enthodiments, oligonucleotides are 10 to 60 bases in length.
n. more prefared enboadiments, oligonucleotides are 12, 13, 14, 15,16, 17, 18,19, or 20
te 40 hases in length. Ofizenucleotides may he single stranded or double stranded, ¢.g.,
for use In the constrtciion of a muwnt gens. Oligonucleotides of the invention may be
sense or anisense oligonucicotides.

The term “maturally occurting nucleotidas”

mcludes deoxyribonueleotides and
ribonueleotides. The torm “modificd nucleotides™ includes nucleotides with modified or
substiteled sugar groups or modified or snbsinted bases. The term “oligonucleolide
linkages"  includes  linkapes  such  as phosphorothioale,  phosphorodithioate,
piiosphorosclenoate,  phosphorodiselencate,  phosphoroanilothioaie, phoshoraniladaie,
pnosphorvanidate, and the like, See. e.g., LaPlanche et «l. (1986), Nucl. Acids Res.
14:9081; Swec et ¢l (1984), J. dm. Chem. Soc. 106:6077; Stein er al. (1988), Nucl. Acids
Res, 16:3200; Zow et al. (1991), dnti-Cancer Drug Design 6:539: Zon er al. (1991},
Oligonucleotides and Aralogues: 4 Practical Approach, pp. S7-108 (F. Tickstein, ed.),
Oxford Umversity Press, Oxford England: Stee ef al., T.S. Pat. No. 5,151,510; Uhbnann
and Peyvman - (1990), Chemicad Reviews 90:543, the disclosures of which are hereby
incorporated by reference for any purpose.  An oligonucleotide of the invention can
include .4 label. including a rediofabel, a fucrescent label, @ hapten or an antigenic label,

"or detection assays.

The tenn “vector” means any molecule (e.g., nucleic acid, plasmid, or virus) esed

to transfer coding information to a host cell.

The term “expression vector” or “expression construct”™ refors to a vector that is
sultzble jor transforination o1 a host cell and contains nueleic acid sequences that direet
and’or control (in conjunciion with the host cell) expression of one or more heterologous
coding regions operatively linked thercto, Au expression construct may include, but is not
lunited to, sequences that affect or control transcription, translation, and RNA spliciug, if

introns are present, of a coding repion operubly linked thereto.

18
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The term “host ccil” meins a cell that has been transformed, or is capable of being
trunsformed, with 2 nucleic acid sequence and thereby expresses a sslected eene of
interest. The term includes the progeny of the parent cell, whether or not the progeny is
identical in merphiology or in genctic make-up to the original parcut cell, so long as the

selected gene is present,

The term “tronsduction” means the transfer of genes from one bacterium to
another, usually by phage. “l'ransduction” also refers to the acquisition and transfer of

cukaryotic cellular sequences by retrovirmses.

The term “transfection” means the uptake of foreign or exogenous DNA by a celi,
and a cell has heen “transfected” when the exogenous DNA has been introduced inside
the cell membrane. A number of wransfection techniques are well known in the art and
are disclosed hercin. See, e.g., Graham et al., 1973, Virviogy 52:456; Sambrook et al.,
2001, Moleculur Cloning: A Laboratory Manual, Id.; Devis et al., 1986, Basic Metliods
in Molecular Biology, Elsevicr; and Chu ef «f., 1981, Gene 13:197. Such technigues can

ve used 1o introduce one or mare exogenous DNA moieties finto suitable host cells.

‘The term “transtormation” refers to a change in a cell’s genetic characieristics,
and a cell has been transformed whet it has been modified o contain new DNA. For
example, a cell is transformed where 1t is genetically modified fom its native state by
rransfection, transduction, or other techniques, Following transfection or transduction,
the trensforming DNA may recombine with that of the cell by physically integrating into
& chromosome of the ccll, or may be maintained transiently as an cpisomal element
without being replicated, or mav replicare independently as a plasnid. A cell is
considered io have been “stably transformed” when the iransforming DNA is replicated

with the division of the ceil.

The term “antigen” refers to a molecule or a poriion of a molecule capable of
being bound by a sclective binding agent, such as an antibody, und additiorally capable of
being used in an animal to predoce antibodies capable of binding to an epitope of that

aniigen, An antigen may have onc or more epitopes.

The 1leon “epiiope” includes auy determinant, preferably a polypeptide
deterninant, capable of specific birding to an immunoglobulin or T-cell recepior. In

certain embodiments, epitope determinants include chemically active surfuce groupings
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of molecuies such as amino acids, sugar side chains, phosphoryl, ov sulfonyl, and, in
certain embodiments, may have speeific three-dimensional structural characteristics,
and/or spevific charge characteristics. An epitope is a regton of an antigen that is bound
by an antihody, 1In certain cnbodiments, an entibody is said v specifically bind an
antigen when it preforentially recogrizes its targel antigen in a complex mixture of
proteins and/or macromolecules. In preferred embodiments, an aniibody is satd to
specifically bind an antigen when the dissociation constant is less than or equal to about
10 oM, more preferably when ihe dissociation constant is less than or egual to about 100
pM, and most preferably when the dissociation constant is less than or equal 10 about 10
Pl

The term. “1dentity” refers to a relationsiip between the sequences of two or more
polvpeplide molecules or two or more nucleic acid molecules, as detenmined by
companing the sequences thereof, In the art, “identity” also means the degree of sequence
relatedness between nucleic acid molecules or polypeptides, as the case may be, as
determined by the match between sequences of iwo or iore nucleotides or two or more
amino acids. “Identity” mexsures the percentage of identical matches beiween the
smaller of two or more sequences with gep alignments (if any) addressed by a particular

mathematical mode! or compuiz: program (i.e., “algorithins™).

The term “similarity” is uscd in the art with regard to a related concept; in contrast
0 “ideniity,” however, “similarity” refers to a measure of relatedness that inciudes both
identical matches and conservative substitution matches. If two polypeptide sequences
have, for example, 1020 identical amino acids, and the remainder are all nou-
conservative substitutions, thon the percentage idemity and similarity would both be 50%,
If in the samec example, there are five more positions where there are conservaiive
substitutions, then the percentage identity remains 50%, but the percentage similaritv
would be 75% (18/20). Therefore, in cases where there are conservative substitutions, the
percentage similarity beiween iwo polypeptides will be higher than ihe percentage

identity between those two polvpeptides,

Identity and similarity of related nucleic acids and polypeptides can bo readily
caleclated by known metbods. Such methods include, but are not limited to, those
described in Computational Molceulur Biology, (Lesk, AM., ed), 1988, Oxford
University Press, New York; Biocomputing: Informaiics and Genowme Projects, (Smith,
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DAV, ed), 1993, Academic Press, New York; Compiter Anaivsic of Sequence Dase, Par
L, (Griftn, AM., and Griffin, LG, eds.), 1994, Tumana Press, New Jersey: von Heinje,
G., Sequence Anulysis in Molecuiar Biology, 1987, Acaderiic Press; Sequence Analysi
Primer, (Gribskov, M. and Devercux, T, eds), 1991, M. Siockior Press, Now York:

Carille et al., 1988, STAM /. Applied Math. 48:1073; and Durhin et al., 1998, Bivlogicul

Sequence Analyyis, Cambridge University Press,

Preferred methads to determine identity are designed to give the lurgesi muich
between the scquences wsted. Methods lo determine identity are deseribed in publicly
available computer programs. Preferred computer prozrum methods to deternine idemity
belween two sequences include, but are not limdted :o, ihe GCG program packuye,
including GAP (Devereux of al., 1984, Nucl Acid, Kes. 12:387, Genetics Computor
Group, University of Wisconsin, Madison, W), BTLASIP, BLASTN, and FASTA
(Altschul ez al., 1990, J Mol Bicd 215:403-410). The BLASTX program is puniicly
available from the National Cerrer for Biotechnology Information (NCBYy wid otier
sources (BLAST Manual, Altschu} e al. NCBANLIMNIT Beikescda, MD 20894 Altschul
et al., 1990, supra). The well-known Sinith Waterman algorithm may also be used to

determuing identity,

Certain alignment schermes for aligning two amino acid sequences may result i1
matching of only a short reelon of the two sequences, and this small aligned region may
have very high seguence identity even thoagh there is no significant relutionship berween
the two iull-length sequences.  Accordingly. in cenciv embodiments, the seiceted
alignment method (GAP program) will result in an aliymmient hat spans at Least 39

cortignous aminao acids of the targe! polypeptide.

For example, using the computer algorithm GAP (Geuelics Compuler Group,
University of Wisconsin, Madison, WI), two polypeptides tor which the percentage
seyuence identity is 10 be determined ave aligned for optimal :netching of thwir respeciive
amino zcids (the “marched span”, as determinea by {ne algorithmy). In certain
cmbodiments, @ gap opening, penafey (which Ix calewiated as threc-tines (he averoge
diagonal; where the “average diagonal” is the average of the diagonal of the corparison
matrix being used; the “diagonal” is the score or aumber assigned to each perfect amino
avid match by the natticular compurison metrix) end a gap extension penalty twhich is
usually one-tenth of the gap opening penalty), as well as a comparison matrix such as
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PAM230 or BLOSUM 62 are used in conjunction with the algorithm. In cerfain
embeddiments, a standard comparison matrix (see Daybolf e al., 1978, drlas of Protcin
Seguence and Structure 3:345-352 for the PAM 250 comparison matnx; llentkoit et af..
1992, Proc. Natl. Accd. Sci US4 §9:10915-109(9 for the BLOSUM (2 comparison

matrix) is also uscd by the ulzorthm,

Tn certain embodiments, the paramicters for a polyvpeptide sequence comparison

nelude “he following:
Algerithim: Necdleman ef al. (1970), J. Mol Biol. 48:443-453;
Comparison rzats: BLOSUM 62 from Hentkotf et al. (1992), supra;
Gap Penaky: 12
(iap Lengih Penalty: 4
Threshald of Similarity:

The GAP program inay be uselul with the above parameters. In cerain embodiments, the
aforcmentioned pacomcters are the default parameters for polypeptide comparisons (along

with no penalty for end gap«) using the GAP algorithm.

The term “naturally ocourring,” as used to refer w0 amino zeids. reders to the
twenty conventional amipo acids. See wmunology--4 Synthesis, 2nd Editon, (E. S.
Gotao and D. R. Gren, ods.). Sinauer Associates: Sunderland, MA (19913, incorporated

heretn by reference for any purposc,

Peptide analogs arc commonly nsed in the phirmaceutical industry as non-pepiide
drugs with propurties analogous to those of the teiplate peptide.  These types of non-
peptide compounds are rermed “peptide mimetics™ or “peptidomimetics”.  Sae Tiauchere
(1986), Addv. Drug Kes._15:29; Veber & Treidinger. 1985, TINS 1.392; and Evans e of.
(1987), J. Med. Chem. 30:1229, which are incorporated hercin by reference for any
purpose,  Such compounds are ofteg developed with the aid of computerized motecutar
modaling, Peptide mimetics that ure structurally similur to therapeutically uscful pepiides
may be used to produce o similar therupeutic or prophylactic effect. Generally,
peptidomimetics are structurally simiiar to a paradigm  peptide or polypeptide (e., a
pepiide or polypspiide that has a biochemical property or piumnacological activity. such

as bhuman antibody, but bave enc or more peptide hinkages optionally replaced by o
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linkage selected from: -Cllp-NH-, -CHj-S-, -CHp-CHj-, -CH=CH-(cis and trans), -
COCH,-, -CH(OH)CH;-, and --CH;S0-, by methods well known in ths art. Systematic
substitution of one or more umino acids o a consensus sequence with a D-amino acid of
the same type (e.g2., D-lysine in place of L-lysine) may be used in certain ¢mbodimends to
5>  generate more stable peptides. In addition, constrained peptides comprising a consensus
sequence or a substantially identical consensus sequence variation muy be generated by
methods known in the art (Rize & Gierasch, 1992, Ann, Rev. Biochem. 61:387,
incorporated hercin by refvrence for any puwmpose); for ensample, by adding internal
eysteine residucs capeble of forming intramoliccular disulfide bridges which eyclize the

10 peptide.

"Antibody” or "antihody peptide(s)” refer to an intact antibody, or a hinding
fragment thercol that competes with the intact antibody for speeific binding exd includes
chimeric, humanized, fully human, and hispecific antibodies. In certain embodiments,
binding 'ﬁ‘agmcnts are produced by recombinant DNA techniqnes. In additional

15 embodiments, bimiing fragments are produced by enzymatic or chemijcal cleavage of
intact antibodies. Binding fragments include, but are not timited to, Fah, Fab', F{ah'),, Fv,

and single-chaiu antibodics.

The term “heavy chain” includes a full-length heavy chain and fragments thereof

having sutficient variable region sequence to conler specificity for IL-1R1. A full-length

200 heavy chain includes a variable regior. domain, Vy;, and three constant region domains,
Cul, Cy2, and Cy3. The Vy domain is at the amino-terminus of the polypeptide, and the

C+3 domain is at the carboxyl-terminus.

The term “light chain™ includcs a full-length light chain and fragments thereof
having suificient variable yegion sequence to confer specificity for 1L-1R1. A full-lengih
25 light chuin includes a variable region domain, Vv, and a constant region domzin, (g, Like
the heavy chain, the variablc region domain of the light chain is at the amino-terminus of
the polypeptide.
A “Fab fragment” is comprised of one light chain and the Cgl and vuriable
regions of one heavy chain. ‘The heavy chain of a Fab molecule cannot form a disuliide

bond wiih another heavy chain molecule.
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A “Hab” fragment” contains one light chain and one heavy chain thaf coniains
more of the consiant region, between the Cy? and C2 domaing, such that an inierchain

disulfide bond can be formed between two heavy chains to form a F(gb"); molecule.

A “P(ab’); fragment” contains two light cheins and iwo heavy chains containing a
poriton of the consiant region between the Cyl and Cp2 domains, such that an interchain

disulfide bond is formed between two heavy chains.

The “Tv region” compriscs the variable regions from both the heavy and light

chains, but lacks the consiant regions,

“Single-chain antibodies™ are Fv molecules in which the heavy and light chain
varizble regions have been connected by a flexible linker to form & single polypeptide
chuin, which {forms an antigen-binding region. Single chain antibodies are discussed in
detaii in International Patent Application Publication No, WO 88/01649 and (J.S. Patent
Nos. 4,946,778 and 3,260,203, the disclosures of which are incorporated by reference for

any purpose.

A “bivalent antibody” other than a "multispecific” or "multifunciional” antibody,
in certain embodiments, is understood to cowprise binding sites having identical antigenic

specilicity.

A “bispecific” or “bifunctional” artibody is a hybrid antibody having two
dificrent heavy/light chain pairs and two different binding sites. Bispecific antibodies
may be produced by a variety of methods including, but not limited to, fusion of
hybridomas or linking of Fab' frapments. See, e.g., Songsivilai & Lachmann (1990), Clin,
Bxp. Tmmunol. 79:315-321; Kostelny et al. (1992), J. Immunol. 148:1547-1553,

In assessing antibody binding and specificity according to the invemion, an
antibody “substantially inhibits” adhesion of a ligand to a receptor when an excess of
atibody reduces the quantity of receptor bound to counterrsceptor by at least about 209,

40%, 60%, 80%, 85%, or more (as measurcd in an in vitro competitive binding assay).

The term "agent" mears a chemical compound, a mixture of chenical compouns,

a biological macromolecule, or an exiract made from biological materials.

1Le terms "label” or “labeled” refers 1o incorporation of a detectable marker, e

7
“a5 ey

by incorporation of a radiclsbeled amino acid or attachment to 2 polypeptide of biotin
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moiciies that can be detected by marked avidin (e.g., streptavidia preferably comprising a
detectable marker such @s a tluorescent marker, a chemiluminescent srarker or an
enzymatic activity thal cun be dotected by optical or colorimetric methods). T cerwain
embodinients, the label cun zlso be therapentic. Various micthods of labeling
polypeptides and glycoproteins are known in the at and may be used advantegeously in
the methods discinsed herein. Examples of Tabeis for polypeptides include, but are net
lirited to, the following: radioisotopes or radionuclides {e.g.. H, PN Y, Y
PTe, M, LD, fuorescent labels (e.g. fluorescein isothiocyanate (FIEC)
rhodimnine, or lanthunide phosphors), enzymatic labels (0.g., horseradish perogidase. 3-
galaciosidase, luciierase, alkaline phosphatasc), chemiluminescent labels, hapien lebels
such as biotinyl groups, and predstermined polypepuide epitopes recognized by a
secondary reporter (e.g., leucine zipper peir sequences, binding sites for secondary
antibodics, meta! binding domaimns. epitope tags).  In certuin embodiments. lubels are
attached by spacer arms (such as (Cliaj., where n -7 ehomt 205 of various lengths 1o reduee

notential stevie hindrance.

The et “hiolowical sample” includes, but 1s not Jimited to, any guantity of a
substance from a Living tiung or formerly living thing, Such liviug things include, but are
not limiled {o, humans, mice, monkeys, rafs, rabbiis, and other animals. Suvci substances
mclude, but are not Hmited to, blood, sern, nrine, cells, orpans, iissues, bose, bone
merrow, Ivinph, Iymph nodes, synovial iissuc, chondroestes, synovial macrophages,
enduthelial cells, vascular tissue (particulardy inflamed vasculur ussue), and skin. The
tezms "pharmacentical agent” and “drug” refer to a cheipical compound or compusition

capable of inducing a desired therspeutic effect when properly administered t a patient.
The term “patient” includes human and animal subjeuts.

Unless otherwise required by coniext, singuiar tesms shall include pluralities and

plural tenms shall include the singular.

The iwenty naturally-ocenrring #mino ackds and their abbrevictions oliow
conventional usage  See Inununology--4 Synthesis, 2nd Bditon, (E. 5. Golub und D. R.
Gren, eds.). Sinwuer Associntes: Sunderland, MA (19913, incorporeted herein Dy

reforence Yor any purpose.  Siercoisomers {e.g.. D-umino acids) of the twenty
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conventional amino acids, unnatural amine acids such as a-, a~disubstituted amino acids,
N-alkyl amino acids, and other unconventional amino ucids may also be suitable
components for polypeptides of the invention. Lixamples of unconventional amino acids
include:  4-hydroxvproline, y-carboxyglutamate, NN, N-trimethyilysine, &-N-
acetyllysine, O-phosphoserine, N-acetylserine, N-formylmethionine, 3-methylhistidine, 5-
hydroxylyvsine, o-N-methylarginine, and other stmilar umitio acids and imino acids (e.g.,
a-hydroxyproling). In the polypeptide notation used herein, the lefi-hand direction is the
amino ternuinal direction and the right-hand direction is the carboxyl-terminal direction,

in accordance with standard usage and convention.

Simitarly, waless specified otherwise, the left-hand end of single-stranded
polynucleotide scqucnces 1s the 5' end; the left-hand direction of double-stranded
polvmucleotide sequences is reforred to as the 5' dircetion.  The direction of &' 10 ¥’
addition of nascent RNA {ranscripts is refomred io as ihic transcription direction; sequeuce
regions on the DNA strand having the same sequence as the RNA transcript that are 5' to
the 5' end of the RNA transeript are referred 1o as "upsireain sequences”; sequence
regions on the DNA. strand having the same sequence as the RNA. transcript (hai are 3' {o

the 3' end of the RNA iranscript are refetred to as "downstream sequences”.

Naturally vccurring amino acid residues may be divided into classes based on

conunon side chain properties:
1) hydrophohic: norlencine (Nor or Nle), Met, Aly, Val, T.eu, Tle:

2) neulral hydrophilic: Cyvs, Scr, Thr, Asn, Gl

3) acidic: Asp, Glu;

4) basic: His, Lys, Arg,

5) residues that influence chain orientation: Gl», Pro; and
6) aromatic: Trp, Tyr, Phe.

Conscrvaiive amino acid substitutions may involve exchange of a mrember of one
of these classes with another member of the same class, Conscrvative amino acid
substiluiions may encompass non-nawrally occurring wtnine acid residucs, wlich are

typically incorporated by chenzical peptide synthesis rather than by synthesis in biological

20



o

10

20

WO 2004/022718 PCT/S2003/0279738

systems. These include peptidomimetics and cther reversed or inverted forms of amine

acid moieiies.

Non-conservative substitutiors may involve the exchange of a member of one of
these classes for a member from another class. Such substituied residues may be
introduced, for example, into regions of 2 uman antibody that are homologous with non-

human antibodices, or into the non-homologors regions of the molecule.

In making such changgs, according to certain embodiments, the hydropathic inde:
of amino acids may be comsidered, Each amino acid has been assigned a hyvdropathic
index on the basis of iis hydrophobicity and charge characteristics. They are: isoleucine
(+4.5); valine (-4.2); leucine (+3.8); phenylalanine (+2.8); cysteinesystine (—2.5);
methionine {1.9); alanine (+1.8); glycine (-0.4); threonine (-0.7); serine (-0.8);
tryptophan (-0.9); tyrosine (-1.3); proline  (-1.6); histidine (-3.2); glutanate {-3.5);
glutamine (-3.5); aspartate (-3.5); usparagine (-3.5); lvsine (-3.9); and arginine (-4.5).

‘The importunce of the hydropathic amino acid index in conlersing interaciive
biological funciion on a proien is understood in the art (see, for examiple, Kyte ef al.,
1982, J. Mol Binf. 157:105-131), Tt is known that certain amino acids may he substituted
for other amino ucids having a similar iydropathic index or score and still retain a similar
biological activity. Tn making changes based upon the hydropathic index, n certain
embodiments, the substitution of amine zcids whose hydroputhic indices are within 42 1y
includec. In certain embodiments, those that are within 21 are included, anc in certain

embodiments, those within 0.5 are included.

It is also undersicod in the art that the substitution of like amino acids can be
made sffectively on the basis of hydrophilicity, particularly where the biclogically
functional protein or peptide thereby created is intended for use In immunolegical
cmbodiments, as disclosed herein. In ceortain embodiments, the greatest local averape
hydrophilicity of a protein, as governed by the hydrophilicity of its adjacent amino acids,
correlates with its innunogenicity and antigenicity, i.e., with a biological property of the
profein.

The following hydrophilicity values have been assigned to these amino acid
residues; arginine (+3.0); lysine (43.0); aspartate (+3.0 % 1); giutamate (+3.0 & 1); serine

(10.3); asparagine (=-0.2); glutauiine (+0.2); glycine (0); threonine (-0.4); proline (0.5 &
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1); alenine (-0.5); histidire (-0.5); cysteine (-1.0); methionine (-1.3); valine (-1.5); leucine
(-1.8); isoleucine (-1.8); tyrosine (-2.3); phenylalanine (-2.5) and tryptophan (-3.4). In
making changes based upon similar hydrophilicity values, in certain embodiments, the
substitution of amino acids whose hydrophilicity values are within =2 is included, in
5  certain embodiments, those that are within 1 are included, and in certain embodiments,
those within 20.5 are included. One may also identify epitopes from primary amino acid
sequences on the basis of hydrophilicity. These regions are also referred to as "epitopic

core regions."”

Exemplary amino acid substitutions are set forth in Table 1.

10 Table 1
Amino Acid Substitutions
Original Residues Exemplary Substitutions Preferred
Substitutions
Ala Val, Len, Tle Val
Arg Lys, Gin, Asn Lys
Asn CGln Gin
Asp Gla Gha
Cys Ser, Ala Ser
Gln Asn Asn
Glu Asp Asp
Gly Pro, Ala Ala
= i =
Ala,
W Phe, Norloucine Leu
Norleucing, Ile,
- Val, Met, Ala, Phe Tio
Arg, 1,4 Diamino-butyric
i Acid, Gin, Asa Arg
Met Leu, Phe, e Lzu
Tyr
Pro Ala Gly
Ser Thr, Ala, Cys Thr
Thr Ser Ser
Tip Tyr, Phe Tyt
Tyr Trp, Phe, Thr, Ser Phe
Tie, Met, Leu, Phe,
il Als, Norlencine Lea

A skilled artisan will be able to determine suitable variants of polypeptides as set
forth herein using well-known techniques. In cerfain embodiments, one skilled in the art
15 may identify suitable areas of the molecule that may be changed without desfroying
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activity by targeting regions not helieved to de haportant for activity. In other
embodiments, the skilled artisan can identify residues and portions of the molecules that
are conscrved arnong similar polypepitdes. In furiher embodiments, even areas that may
be tmportant for biological activity or for stracture may be subject 10 conservative wumino
acid substifuiions without desiroying the biological activity or without adversely affecting

the polypentide structure.

Additionally, one skilled in the ari can review struchwre-function studies
identifying residucs in similar polvpeptides thai are important for activivy or structwre. In
view of such a comparison, the skilled ertisan cau predict the jmporiance of amino acid
regidues in a2 protein that correspond to amivo acid residucs important for activity or
structure in similar proteing, One skilied in the art may opt for chenuically simnilar awiino

acid substitutions for such predicted importunt amino acid residues.

One skilled in the art con also analyze the three-dimensional structire and amino
acid sequence in relation to that struciure in simiilar polypeptides. In view of such
information, one skilled in the art may predict the ailgmment of amino acid residues of an
anitbody with re¢pect to its three-dimensional siructure. In certein ewbodiments, onc
skifled in the ari may choosc to not muke radical changes io amino acid residues predicted
to be on the surface ol the protein, since such residves may be involved in imporiant
interactions with other molecules. Moercover, one skilled in the art may generate test
variants containing a single amino acid substitntion at each desired amino acid residue,
‘The variants can then be screencd using activity assays known to those skilled in the art.
Such vartants could be used to gather information about suitabic variants. For example, 17
one discoverad that a change to a particular amino acid residue resulted in destroyed,
undesivably reduced, or unsuitabie activity, veriants with such a change can be evoided.
fn other words, based on intormuaiion gathered from sach routine experiments, one skilled
in the art can readily determine the amino acids where further sebsiituiions should be

avoided cither alone or in combination with othe; mutations.

A number of scientitic publications have been devoted to the prediction of
secondary strucwre. See Mouli, 1996, Curr. Op. in Biotech. 7:422-427; Chou et ai.,
1974, Biochemistry 13:222-245; Chon et al,, 1974, Biochemistry 113:21 1-222; Chou ez
al., 1978, Adv. Enzymol, Relat, Areas Mol. Biol. 47:45-148; Chou et al., 1979, Ann. Rev.
Biochem, 47:251-276; and Chou et al., 1979, Biophys. J. 26:367-384.  Morecver,

79
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compitter programs are currently avuilable io assist with predicting sceondary stzucwre.
Ong method of prediciing secundary structure is based upon homology modeling. For
example, twa polypeptides or proteins thut have a scquence identity of greater than 30%,
er similarity creaier than 409 often have similar structural topologics. The recent growth
of the protein structural database (PUB) has provided enhanced predictability of
secondary structure, including the potential number of folds within a polypentide’s or
prowin's structare,  See Holm e e, 1999, Nucl. deid. Rey, 27:244-247. 1t has heen
suggesied (Brenner et ai., 1997, Cuer. Op. Struct, Biol, 7:369-376) that there ure a limited
numsher of folds in a given polypentide or profein and that once @ critical number off
siriciwes bave been resolved. structural prediction wiil become dramatically more

ACCUIate,

Additional meibods of predicung secondary structure inchide “threading™ (Joves,
1997, Curr, Opin, Siruci. Biol. 7:377-87; Sippl et al.. 1996, Structure 4:15-19), "prefile
analysis” (Bowie et al, 1991, Science 253:164-170; Guibskov ¢ «l., 1999, Meilr. Enzim.
183:146-1539: Gribskov er al, 1987, Proc. Nut, Acad. Sci. 84:4355-4358). and

"evolutioniry lnkagc" (Sce Holmy, 1999, supra; and Brenner, 1997, supra),

T certain embodiments, antibody vanants include glycosylation variants wherein
the nuriher and’or type of glycosylation site has been altered compared o the annno acid
seyuences of the parent polvpepiide. T certain cmbodiments, profein viriants comprise o
greater or # lesser mumber of N-linked giycosylation sites than the native protein. An N-
linked glycosylution site is charucterized by the scauencs:  Asn-X-Ser or Asn-X-Thr,
wherein the amino ucid residue designated as X may be any amino acid residuc cxcept
proiine, The substitution of amino acid residues to creatc this sequence provides a
potential rew site for the addition of an N-linked carbohyidrate chain,  Alemuatively.,
subatititions that climinate this sequence will romove an existing N-linked carbohydrate
chain. Also provided is a rearrangement of N-linked carbohyidrate chains whercin one or
more N-linked glycosylation sites (typically those that wre naturally occueing) are
eliminated aud ouc or more new N-linked sites are created. Additional preferred untibody
virtinds inciude cystene varignts wherein one or more evsteine residues are deleted from
or substitited for another amiro acid {(e.g.. scrine) compared 1o the parent amino acid
seguence.  Cysieine variants may be useful when antibodies must be refoided into a

hiologically aclive conformation such as afier the isolation of insoluble inclusion hodivs.
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Cysteine varinnts generally hive fewer cysteine residucs than the native protein, and

typicaily have an even nminber to minimize interactions resuliing from vnpaired cysieines,

According to certain embodiments, amino acid substitutions are those that: (1)
reduce susceptibility io proteolysis, (2) reduce susceptibility 1o oxidation, (3) alter
binding affinity for forming protein complexes, (4} alter binding aflinitics, and’or (5)
confer or maodity other physicochemical or functional propertics on such polypeptides.
According to certain etrbodiments, single or muitiple amino acid substitutions (in certain
cmbodiments, conservative aminoe acid subsfituiions) may be made in the naturally
accurring sequence (in certain embodiments, in the portion of the polypepiide ouiside the
domaints) forming intermolecular contacts). In preferred embodiments, a conservitive
amino acid substitution typically does not substantially change the structaral
characteristics of the parent sequence (e.g., a replacement amino acid should not tend to
hreak a helix that occurs in the parent seywence, or disrupt other iypes of sccondary
structure that characierizes the parent sequence). Exaruples of art-recognized polypeniide
cecondary and tertiary structures are described in Proteins, Structuies and Molecular
Principles, (Creighton, ed.), 1984, W. Il Precman aud Company, New York;
Imtroduction 1o Proiein Structure (C. Branden and J. Tooze, eds), 1991, (Garland
Publishing, New York, N.Y.; and Thornton er al. (1991). Nufure 354:105, each of which

—

are incorporated herein by reference.

Prepuration of Aniihodivs

Naturally occurring amibody structural units typically comprise a tetraner. Each
such tetramer typically is comnposed of two identical pairs of polypeptide chains, 2ach pajr
having one full-length "light" chain (typically having a molecular weight of about 25
kDa) and one full-length "heavy" chain (typically having a molecuiar weight of about 50-
70 kDn). The amino-terminal portion of each chain vypically includes a variable region of
about 100 to 110 or more amino acids that typically is responsible for antigen recognition.
The carboxy-terminal portion of each chain typically delimes a consteni region
responsible for effector function. Haman light chains are typically classificd as kappa
and lambda Yight chains. Heavy chains are typically classificd as mu, delta, gamma,
aipha, or epsilon, and define the antibody's isotype as IgM, [gD, IgG, JgA, and gL,
respectively. IgG has several subcelasses, including, but not limited to, JoGl, 12032, 193,

and IgGd. TgM has subclasses including, but not limited to, IgM1L and TgM2, IgA is
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stmilarly subdivided into subelasses including, but not timited 1o, IgAl end 1gA2. Within
{ull-length light and heavy chains, typically, 2 “J” region of about 12 or more amino acids
joins the variable region and coustant regions, with the heavy chain also including a "D"
region of about 10 more amino acids. See, e.g., Fundamentul Immunology, Ch. 7, 2 ed,,
(Paul, ., cd.), 1989, Raven Press, N.Y. (incorporated by reference in its eniirety for all
purposes). ‘The combination of the variuble regions of cach light chain/heavy chain pair

tvpically forms the antigen-binding site.

The variable regions of each of the heavy chains and light chains typically exhibit
the same general structure comprising four relatively conserved frainework rogions (FR)
joined by three hyper variable regions. also called complementarity detenniming regions
ot CDRs. The CDRs from the two chains of ezch pair typically are aligned by the
framework regions, which aliynment nay enable binding io a specific epitope. From N-
terminad to C-termingl, both light and heavy chain variable regions {ypically comprise the
domains FR 1, CDR1, FR2, CDR2, FR3, CDR3 and FR4, The assignment of amino acids
to cach domain is typically in accordance with the definiltons of Kabar Sequences of
Proteins of Immunclogical Interest (1987 and 1991, National Institutes of ealth,
Bethesda, Ma.), Chothia & Lesk, 1987, .7 Mol Biol. 196:901-917, or Chothia ef af., 1989,
Naiure 342:878-883).

Antibodics became usefu! and of interest as pharmaccutical agents with the
devclopment of monoclonal aritibodics. Monoclonal antibodies are produced using eny
method that produces antibody molecules by continuous cell liney m culiure, Examples
of suitable methods for preparing mnonoclonal antibodics include the hybridoma methods
of Kohler ¢ al. (1975, Nuture 256:495-497) and the human B-ccll hivbridoma method
{(Kozbor, 1984, J. Isununol. 133:3001; and Brodeur et al., 1987, Monoclonal dntibody
Produciion Techniques and Applications, (Marcel Dekiker, Inc., New York), pp. 51-63).

Monoclonal untibodies may be riodified for use as therapeutics. One example is a
“chimeric” antibody in which a portion of the heavy chain and/or light chain is ideatical
with or homologous to a corresponding sequence in antibodies derived from a particular
species or belonging to a particular antibody class or subclass, while the remainder of the
chain(s) isare identical with or homologous to a corresponding sequence in antibodics
derived from another species or belonging o another antibody class or subclass. Other
cxamples are fragments of such antibodies, so long as they exhibit the desired biological
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activity. See, LS. Patent No. 4,816,567; and Mmison ef ol (1985), Proc. Natl. Acad.
Sei. USA 81:6851-6835. A related development is the “CR-grafted” entibody, in which
the antibody comprises one or more complememarity determining regions (CDRs) from u

particular speeivs or belonging to a particular antibody class or subelass, while the

‘remainder of the wantibody chains) is‘are idemical with or homolo gous 10 a comespending

sequence n antibedies derived from another specics or belonging 1o another antibody

¢lass or subclass.

Another development is the “bumanized” antibody. Mathods for human’zing non-
human antibodies are well known in the art.  (Sve TLS. Patent Nos., 3,585,089, and
3,693,762), Generally, a humanized antibody is produced by a non-human acimal, and
then certain antine acid residoes, typically from non-untiyen recognizing portions of the
antibody, are mudified to be homologous to said residucs in a human antibodv of
corresponding isotype.  Humarmization cen be performud, for example. using methods
deseribed in the art (Jones ef of., 1980, Nature 321:5322-325: Ricehmunn of af., [USS
Nature 332:523-327: Verhoeyen e f, 1988, Science 230158%4-1330), by subst:uting a
least a portion of ¢ redent variable region for the corresponding regions of a human

aniibody.

More reecnt and more promising is the developmient of human antibodiss without
cxposure of antigen to humen beings (“fully human amtibodies™), Using ifranisgenic
aninsls {e.g., micc) that are capable of producing a sepertoire of human antibodies in the
shsence of endeaenous mouse immunogiobulin procduction, such antibodies are produced
by immunization with @n aatigen (typicaily having st feasi ¢ contigicus anino acids;.
optionally conjugated w a carmicr, Sve, jor example, Jukobovits ef al, 1993, Proc. Narl.
Acad. Sci. USA 90:2551-2555; Jakohovits ef afl., 1993, Nawre 362:255-258; aud
Bruggerman ot al., 1993, Year v Iamunol. 733, In one example of these methods,
trnsgenic  animals  are  producad by incapacitating  the endogerous  mouse
immunoglobulin loci enceding the mouse heavy and fight icumunoglobulin chains thercin,
and inserting loci encoding humen heavy and light chain proteins nto the genome
thereo?,  Partindly moddified animals, which have less than the full complement of
medidications, e then cross-bred to obtain an cnimal having all of the desired imave
eysten modifications.  When administered an immunogen, these ransgenic anins

produce antibudics that are itmnunospesific for these wntigens having human (rather tuan
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muring) amino acid sequences, including variable rugions.  See PCT Publication Nos.
WO96/33735 and W0O94.020602, incorporated by referesice,  Additional methods are
described in 10,8, Patent No. 5,545,807. PCT Publicalion Nos. WO91/10741,
WOIN0H36, and in BP 546073B1 and EP 546073A1, incorporated by reference.
Humun cniibodies may also be produced by the expression of recombinant DNA fn host

cells or by expression in hybridoma cells as described herein.

Fully human antibodies can also be produced from phage-display librarics {as
disclused in Hoogenboom ef al., 1991, J. Mol. Biol. 227:381; and Marks ef o/, 1991, J.
Mol Biol 222:581). These processes mimic immune selection through the display of
antibady reperioires on the surfice of filamentous bacteriophage, and subscquent
sefection of phage by their binding to an antigen of choice. One such technique is
deseribad in PCT Pub’ication No. WO099/10494, incorporated by reference, which
deseribes the isolation of high wiiinity and functional agonistic antibodies for MI'L- and

msk- recentors using such wi approuch.

Once the nucleotide seguences encoding such antibodies have been determined,
chimeric, CNDR-grafted, humanized, and fully human antibodies also may be produced by
recorbinant methods. Nucleic acids encoding the antibodies are mtroduced into host

c2lls und expressed ustng materials and procedures generally known in the art,

The invention provides one or a plurality of fully hutnan nonocloniel antihodies
against human 1IL-1RY. Preferebly, the antibodiss ind the third domain of TL-1R1. Tn
preferred embodiments, the invention provides mucleotide sequences 2ncoding. and amino
acid scquences comprising, heavy and light chain  immunoglobulin molecules,
particulurly  sequences corresponding to the variable regions thereof  In preferved
cnthadiments, sequences corresponding to complementarity determining regions {CDR's),
specifically from CDR1 through CDR3, are provided.  In additional preferred
embodimerts, the invention  provides hybridoma <cell  lines  expressing,  such
immunoglobulin  moleenles and monoclonal anubodies produced therefrom, muost

preferably purified human iponoclonal antibodies against human 1L-1R1.

The ability to clone and reconstruct megabase-sized human loci in yeast artificial
chromosomes (YACs) and fo introducs them into the mouse germline provides an
advantayeous approach to elucidating the functionai components of very large or crudely
mapped loci as well as penorating useful models of human discasa. Fucthermore, the
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utilization of such technology for substiiution of mousc loci with their human equivalents
provides unique insights into expression and regulation of human gene products curing
developmeni, their comunication with other systems, and their involvement in discasc

induction and progression,

An important practical application of such a stratcgy is the "humanization" of the
mouse humoral immune system, Introduction of human immunoglobulin (Ig) ioci into
mice in which the endogenous Tg genes have been incctivated offers the opportenity to
study the rmechanisms underlyving progranmed expression and assembly of antibodies as
wel] as their role in B-cell development. Furthermore, such a siralegy provides a source
for prodaction of fully human monoclonal aniibodics (MAbs), particularly for usc zs
therapeutic zgents. Fully human antibodies are expecled to minimize the immunogenic
and allergic responses inirinsic to mouse or mouse-derivatized Mabs, and to thercby
increase the efficacy and safety ol administered artibodies in therapeutic applicetions.
Fully humen antibodies van de used in the reatment of chronic and recurning human
diseascs, such as ostecuarthritis, theumetold arthritis, and other inflammaory conditions,

the treatment thereof requiring repeated antibody adnunistration,

One skilled in the art can engineer mouse strains deficient in mouse antibody
production with large fragments of the human [z loci s0 that such mice produce hirman
antihodies in the absence of mouse antibodies. Large haman [g fragments may preserve
the large variable gene diversity as well as the proper regulation of antibody prodaction
and cxpression. By exploiting the mouse machinery for antibody diversifieation and
sclection and the Jack of immunological tolerance o human proteins, the reproduced
hiuman antibody repertoire in these mouse strains vields high affinity antibodies against
any antigen of intorest, including human antigens. Using the hybridoma techrology,

aniizen-specific hurman MAbs with the desired specificity may be prodaced and selected.

In certain embodiments, the skitled artisan can use constant regions Jom species
other than hwmar along with the human variable regton(s) in such mice 10 produce
chimeric antibodies. The aniibodies of the invention can be produced by immunizing
such animals with full-length I-1R1, soluble forms of IJ~1R1, or a fragment hcrcof.

See, for cxample, International Patent Application, Publication WO 93/12227).

The CDRSs of the light and heavy chain variablc regions of anti-[L-1R1 antibodies

of the invention cun be grafted to framework regions (FRe) from the same, or another,
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species. In curtain embodiments, the CDRs of the light «nd heavy chain variable regions
of anti-1L-1R1 antibody may be wraited to conscensus hunum FRs. To create consensus
human #Rs, FRs from ssveral human heavy chain or livht chain zmino acid scquences are
aligned o identify a consensus amino wcid scquetice.  The TRs ol the anti-IL-1R1
antibody heavy chain or light chain can be replaced with the FRs from 4 dificrent heavy
chuin or light chain. Rare amino acids in the ¥Rs of the heavy and light chains of anti-Tl.-
{R1 antibody iypicelly arc not replaced, while the rest of the FR amino acids can be
replaced. Rare amino acids are specitic amino acids that are in positions in which they
are not asually found in FRs, The yrafied variable regions from anu-TL-1R1 antivodies of
the invention can be used with 2 constant region that is diftcrent from {he constant region
of anti-11-1R1 aniibody. Alternatively, the grafied variable regions are part of a single
chain ¥v antibody. CDR grafting 1s described. e.g., in U.S, Patent Nos, 6,180.370,
693,762, 5,693,761, 5,585.089, and 5,530,101, which are hereby incorporated by

refarence for any pumpose.

In certain embodiments, the invention provides anti-TI.1-R1 antibodies that
comprise @ human heavy chan CDR1 region having an winino acid sequence of SEQ 1D
XO: 61, SEQ ID NO: 62, or SEQ ID NO: 63; a human keavy chain CDR2 region having
#n amino acid sequence of SEQ TD NO: 64, SEQ 1D NO: 63, or SEQ IND NO: 66; andior a
human heavy chain CDR3 region having an amino acid sequence of SEQ ID NO: 67,
SEQ ID NO: 68, or SEQ ID NO: 69,

In other embodiments, the inveniton provides anti-IL1-R1  anfibodies that
comprise a human light chain CDR1 region having an amino agcid sequence of SEQ 1D
NG: 70 or SEQ ID NO: 71; a huma heavy chain CDR2 region having an amino acid
sequence of SEQ 1D NO: 72 or SEQ 1D NO: 73; andior a human heavy chain CDR3
region having an amino acid sequence of SEQ D NO: 74 or SEQ T NO: 73.

Antibodies of the invention are preferably prepared using transgenic mice ihat
have & substantial poriion of the human anitbody-producing locus inserted in antibody-
producing colls of the mice, and il wre further engiicered to be deticient in produciag
endogenons, murine, antibodies.  Such mice wre capable of prodncing hutuan
immunoglobu'in molecules and amibodies and do not pruduee or produce substantially
reduced amounts o murine immunoglobulin molccules and antibodies.  Technologies
utilized for achieving this result are disclosed in the patents, :ziaplications, and references
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disclosed in the specification herein. In preferred embodiments, the skilled worker may
cmploy methods as disclosed in luternational Patent Application Publication No. WO
Y8/24893, which is hercby incorporated by reference for any purpose. See also Mendez.
et al., 1997, Nature Genetics 15:146-156, which is hereby incorporated by reterence Zor

any purpose.

‘The monoclonal antibodies (MAbs) of the invention cen be produced Sy a variety
of techniques, inciuding conventional monoclonal antibody methodology, e.g., the
standard somatic cell hybridizetion technique of Kohler und Milstein, 1975, Nature
256:495. Although somatic cell hyinridization procedures are preferred, in principle, other
techniques for produeing monoclonal antibodies can be emploved, e.g., viral or oncogenic

teansformatiion of B-lymphocyies.

In a preferred embodirent, human monoclotal entibodies directed against IL-1R 1
can be generated using mice referred to as “TTuMab” mice, contain a huwmian
‘mmunoglobulin gene minilocus that encodes unresrranged human heavy (@ end 7 axd &
light chain immunoglobulin sequences, together with targeted mutations that inactivate
the endogenous 4 and « cheiu locl, Lonberg er «l, 1994, Namie 368:8556-839.
Accordingly, the mice exhibii reduccd expression of mouse 1gM or « and in response Lo
‘mmunization, the introduced human heavy und light chain transgenes underge class
switching and somatic mutation {o generate high affinity human 1gG « monoclonal
antibodies. Lonberg ef ol., supra; Lonberg and Huszar, 1995, Tnrern. Rev. Tl
13:65-93; Harding and Lonberg, 1995, dnn. N.Y. Acud. Sei. 764:536-5406. 'The
preparation of TTuMab mice is desenibed in detail in Taylor er al., 1992, Nuclzic Acids
Res. 20:6287-6295: Chen ¢f al., 1993, International Immunology 5:647-636; "{urillon cf
al, 1994, J. Immunol, 152:2912-2920; Tonberg ez al, 1994, Namre 308:856-839;
.onberg, 1994, Handbook of Exp. Pharmacology 113:49-101; Taylor et o, 1994,
Interngtional Imnunology -6:579-391; Lonberg & Huszar, 1995, Intern. Rev. Immunol,
13:65-93; Harding & Lonberg, 1995, dnn. N.¥. Acad. Sei 764:536-546; Fishwild ef «l,
1996, ANwture Biotecknology 14:845-851, the contenis of all of which ure hereby
incorporated by reference in their entirety. Sce further U.S. Patent Nos. 5,545,800;
%.569,823; 5,625,126, 5,633,425; 5,789,650; 5,877,397, 5.661,016; 5,814,318; 5,274,299,
and 5,770,429; all to Lonberg and Kay, as well as U.S. Patent No. §,545,807 to Surani e

al.; Tnternational Patent Application Publication Nos. WO 9371227, published hune 24,
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1993; WO 92/22646, published December 23, 1992; and WO 92/03918, published March
19, 1992, the disclosures of afl of which arc hereby incorporated by reference in their
entitety. Alternatively, the HCo7 and FICe12 transgenic mice strains described in the

Examples below can bg used to generate human anti-IL-1R1 antibodics.

Advantageously, fully human monoclonal antibodies specific for IL-1R1 are
procuced as follows. Transgenic mice cortaining hwman immunoglobulin genes arc
imrmunized with the IL-1R1-related antigen of interest, Lymphatic cells (such as B-cells)
irom the rice that express antibodies are obtained, Such recovered cells are fused with a
myeloid-type cell fine to prepare immortal bybridoma cell lines, and such hybridoria celt
lines are sereened and sclected to ideniify hybridoma cell lines that praduce antibodies
specific to the antigen of futerest. In certain embodiments, the production of a hybridoma

cell line that produces antibodics specific to IL-1R1 is provided.

In proferred embodiments, antibodies of the invention are produced by hybridoma
lines. In these embodimenis, the antibodies of the inveniion bind to IL-1R1 with a
dissociation constant (K.) of between approximately 4 pM and 100 pM. In certain
embodiments of the inveniion, the antibodies bind to IL-1R1 with a X, of Iess than about
20 pM. In other embodiments, the anttbodies of the invention bind io the third domain of
TL-1R1, The nucleotide and amino acid sequences of the third domain of human and rat

TT.1-R1 are show= in Fignre 17,

In preferred embodiments, the antibodies of the nveriion are of the IgGl, IgG2,
or 1gG4 isotype, with the IgG2 fsotype most preferred. In preferred embodiments of the
invention, the antibodies comprise a human kappa light chain and a human IgG1, IgG2,
or 1¢G4 heavy chain. In particular embodiments, the variable regions of the antibodics
are ligated 1o a constant region other than the constant region for the IgG 1, 1gG2, or IgG4
isotype, In certain embodiments, the antibodies of the invention have been cloned for

expression in mammalian cells.

In certain embodiments, conservative amino acid substitutions to the heavy and
light chains of anti-1I.-1R1 antibody (znd corresponding modifications to the encoding
nucleotides) will produce anti-IL-IR1 antibodies having functional and chemical
characieristics similar to those of amti-IL-1R1 antibody. Tn conirast, Substantial
modifications in the functional and/or chemical characterisiics of anti-IL-1R1 antibody

may be accomplished by sclecting substitutions in the amino acid sequence of the heavy
ja }
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and light chains that differ significantly in their effact on maintaining (a) the structure of
the moleaular backbone in the arca of the substitution, for example, as a sheet or helical
conformation, {b) the charge or hydrophobicity of the molecule at the target site, or (c)

the bulk of the side chain.

For example, a "conservative amino acid substitution” may involve a subst’tution
of'a native amino acid residus with a nonnative residue such that there is little or no effeci
on the polurity or charge of the umine acid residue at that posiiion. Furthermore, any
native residue in the polypeptide may also be sunstituted with alanine, as has been
previously described for "alanine scanming mutagenesis” (Wells, 1991, Methods Lnzymol,

202:390 (ed. J.J. Langone), Academic Press, London).

Desired amino acid subsiifuiions (whether conscrvative or non-conservative) can
be determined by those skilled in the art at the time such substitutions are desired. In
certamn embodiments, zmine acid substitutions can be used to identify imporiant residuss
of anti-Il~1R1 antibody, or to incresse or decrease the affinity of the anti-IL-1R1

antibodics described herein.

In alternative embodiments, antibodies of the inverfion can be expressed in cell
lines other than hybridoma cell lines. In these embodiments, sequences cneoding
particular antibodies can be used for transformation of & suituble mammalian host cell,
According to these embodiments, {rensformation can be achieved using any known
method for iniroducing polynucleotides into a host cell, including, tor exampie packaging
the polynucleotide in a virus (or inio a viral vector) and transducing a host cell with t'ii,e
virus (or vector) or by transfection procedures known in the art. Such procedurcs are
exemplificd by U.S. Pat. Nos, 4,399.216, 4,912,040, 4,740,461, and 4,959,455 (all of
which are hereby incorporated nerein by veference for any purpose).  Generclly, the
transformation procedure used may depend upon the host to be transformed. Merhods for
introducing heterologous polvnucleotides into mammalian cells are well known in the azt
and include, but are not Limited to, dextrap-mediated iransicetion, calcium phosphaic
precipitation, polybrene mediated transfection, preloplasi  dusion, electroporztion,
encapsulation of the polynucleotide(s) in liposomes, and dircet microinjection of the

DNA into nuclel.

According to certain enzbodiments of the methods of the invention, a nucleic acid

molecule cneoding the amino acid sequence of a heavy chain constant region, a heavy
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chain varisble region, 4 light ¢hain constani region, cr a light chain variable reyion of an
TL-1R1 antibody of the invention is inscried into an appropriate cxpression vector using
standard ligation techniques. ln a preferred embodiment, the T1.-1R1 heavy or light chain
constant region is appended (o ihe C-terminus of the appropriate variable region and is
ligated imto an expression vector, The vector is typically sclected to be functional in the
particnlar host cell cployed (i.e., the vector is compatible with the host cell machinery
such that umpliflcation of the gene andor expression of the gene can occur). For a
review of oxpression vectors, see. Goeddel (ed.), 1990, Aerh. Enzymol. Vol. 185,

Academic Press. N.Y.

Twpically, expression veetors used in any of the host cells will contain sequences
for plasmid maintenance and for cloning and expression of exogonous nucleotide
segaences.  Such seyuences, collectively referred to as “flanking scquences™ in certain
embodiments will typically irclude one or more of the followiry nucleotide seguences:
promoler, one or more cnhancer sequences, an orgin of replication, a {ranscriptional
termination sequence, a compleie intron sequence coniaining a doner and aceeptor splice
site, & sequence encoding a leader sequence for polypeptide secretion, a ribosome binding
site, a polyadenylation scquence, a polylinker region for inserting the nucleic acid
encoding the polypept®de to be expressed, and a selectable murkeer element. Each of these

sequences is discussed below:,

Optionzlly, ihe weclor may contain a “lag’-encoding seyuonce, Lo, an
oligunuclentide maolecule focated at the 57 or 37 end of the T1L.-1R1 polypeptide coding
sequence; the oligonueleotide sequence encodes poly His (such as hexalTis), or another
“tag” such as FLAG, A (hemuglaiinn inflvenza virus), or mye for which commacially
avatlable antibodics exist. This tag is typically fusec to the polypeptide upon expression
of the polypepiide, and can serve as a mueans for aflinity purification or detecifon of the
H-1R1 antibody trom the host cell,  Affinjty purification can be accomplished, for
exumple, by column chromatography using antibodics against the tag as an affinity
matrix. Optionally, the fag cun subsequently be removed from the purified 17 -IR1

polypeptide by various means suca as using certain peptidases for cleavage,
Flanking sequences may be homologous (i.e., from the samne specics and’or strain

as the host ccll), heterologous (fe., from a species other than the hoat cell specics or

strain), hyorid {f.e., 2 combination of flanking sequences fron, more thun one sourcei,
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synthalic or native. As such, ithe source of a flanking sequence may be any prokaryslic or
eukaryotic organisny, any vertebrate or invericbrate organism, or any plant, provided that

the flanking sequence is functional in, and can be activated by, the host cell machiners,

Flanking scquences usctul in the vectors of this invention may be obtaiued by any
of several miethods well known in the art.  Typically, flanking sequences uscful herein
Will have been previously identifted by mapping andior by restriciion endonuclease
dizestion and can thus be isclated from the proper tissae source using the appropriate
rostriction endenucleases,  In some cases, the full micleotide sequence of a flanking
secrence may be known,  Tlere, the {lanking sequence may be svathesized usicg the

methods deserined hereir: for nmeleic acid synthesis or clonine.

Where all or only a portion of the flanking sequerce is known, it mav be obtained
Lsing polyvincrase cham reaction (PCR)Y andior by screening, ¢ penorue hhrary with
suitable probe such as an oligonucleotide and/or Nanking scquence fragment froin the
sastee or another species, Where the flanking ssguence 1s not Known, a traginent of DRNA
contaiving 4 flanking sequence may be isolated fror o Jurger piece of DNA that may
contuin, for exnple, a coding sequence or even anotiier gene or genes, [soletiov may be
accomplished by restriction endonuelease digestion io produce the proper DNA fragiment
followed by isolation using agarose gel purificat’on, Qiagen® column chromutography
{Chatsworth. CA), ur other mothods known to the skilled artisan.  ‘'The selectin of
suitable cuzyines ‘o accomplish this purposc will be readily apparent lo one of vrdinary

skill in the ot

An origin of replication is typically a part of those prokaryolic expression vectors
purchased commereialiv, and the origin aids in the amplification o' the vewlor in a st
cell. If the vector of choice dous not contain en origin of replication site, one may be
chemically synthesized based on a krown sequence. and Jigated o the veewor, For
example, the origin ol replication from the plasmid pBR32Z (New Ungland Biolabs,
Boverly, MA) is suitable for most gram-negative bacteria and vurious viral origins (e.g.,
S\'40, volyema, adenovirus, vesicular stomatitus virus (VSV), or papillomavinuses such
as HPV or BPV) are useful for cloning vectors in mammalien cells. Geuerally, the origin
of replication component s not needed for mammalian expression veetors (for example,

the SV40 origin is oilen used only because it also contains the virus early promoter).,
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A transcription (crmination sequence is typically located 3’ to the end of a
polypeptide coding region and serves to terminate transcription. Usually, & transcription
termination: sequence in prokaryotic colls is a G-C rich fragment followed by a poly-T
sequence. While the sequence js casily cloned from a library or even purchased
cormmercially as part of a vector, it cen elso be readily synthesized using methods for

mucleic acid synthesis such as those described herein,

A selectable marker gene cneades a protein necessary for the survival and growth
of & host cell grown in a selective culture medium.  Typical selection marker genes
encode proteins that (a) confer resistance to antibiotics or other toxins, e.g., ampicillin,
tetracycline, or kanamyein for prokaryotic host cells; (b) complement zuxoirophic
deficicucies of the cell; or (o) supply critical nutrients not available from complex or
defined media, Preferred selectable markers arc the kanamycin resistance gene, the
ampicillin resistance gene, and the tefracyeline resistance gene. A neomyein resistance

gene may also be used for selection in both prokaryotic and eukaryotic host cells.

Other selectable genes may be used to amnplify the gene that will be expresscd.
Amplificaticn is the process wherein genes that are in greater demand for the production
of a protein critical for growth or cell survival are reiterated generally in tatdem within
the chrosnosomes of successive generations of recombinant cells. Examples of suvitabc
selectable markers for mammalian cells inctude dihydrofolale reduetase (DITER) and
promoteriess thymidine kinase. Mammalian cell transformants arce placed under selscrion
pressurc wherein only the transformants are uniquely adapted 1o survive by virtue of the
selectable gene present in the veclor, Selection pressure is inposed by culturing the
ransformed cells under conditions in which the concentration of selection agent in the
medium is successively increased, thereby Jeading to the amplification of both the
selectuble gene and the DNA that encodes another gene, such as IL-1R1 polypeptide
comprising the veetor. As a result, increased quantities of a polypeptide such-as IL-1R1

polypeptide are synihesized from the amplified DNA.

A ribosome-biuding site is usually necessary for translation initiation of mRNA.
and is characterized by a Shine-Dalgarno sequence (prokaryotes) or a Kozzk sequence
(eukaryotcs). The slement is typically locaied 3’ to the promoter and 5” to the coding

sequence of the polypeptide to be expressed.
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In some cises, such as where glveosylation is desired i a4 zukarvotic liest cell
Cxpression system, onc may munipulate the various pre- or prossquentes W0 improve
shyeosylation or vicld, For example, one may aler the peptidase cleavage sile of a
particolar siyral peplide, or add pro-sequences, which also may atfect glycosylation. T'he
final proiein product may have, in the -1 position (relaiive to the first amino acid of the
malure protein} one or more additional amino acics incident o expression, which may not
have been totally removed, Tor example, the {inal protein product may have one or two
amino acid residues found in the peptidase cleavage siic, allached to the amino-terminus.
Aliermaiively, use of some enzyme cleavage sites may result in a slighily wrancated form

of the desired polypeptide, il the enzyme cuts at such arsa within the maiure polypeplide.

The expression and cloning vectors of the invention will typically contain a
promvier thal 1s recugmized by the host organism and operably linked to the molecule
encaxding the anti-IL-1R1 amibody,  Promolers are anranseribed sequences ocated
upstresm (4.¢., 57) 10 the sitart codon of 2 structorel wene (penerally within about 100 o
M bp) that conwrol the irznscription of the stractural gene.  Promoters are
conventionally grouped into one of two classes: inducible promoters and constitutive
sromolers, nducible promoters inifiate increased levels of transeription trom DNA urder
their conirol u response to some change in culture conditions, such as the pressuce or
absence of a nutrient or @ change in temperature.  Constitultve promoters, on the olher
b, inrhate continual gene product production: that 1s, thewe iy litile or no control over
pene expression. A large number of promoters, recogrized by a varicty of potential host
cells, are well known. A suiiable promofer is operably linked to the DNA encoding heavy
chain or light cham comprising an anti-IT-1R1 antibedy of the invention by removig the
prumotar from the source DNA by restriction enzyme digestion and inserting the desired

Profoter sequenee into tae vactor.

Suitable promoters sor use with yeast hosts are also well known in the arl, Yeast
enbrncers are wdvantageously used with veast promoters, Suitable promoters tor use with
ruimmalian host cells are well known and include, but are not dmited to, those obtained
trom the genommes of vizuses such as polyoma virus, jowlpox virus, adenovirus tsuch as
Adenovirus 2). bovine papilloma virus, avian sarcoma  virus, cyiomepalovirus,

retroviruses, hepatiiis-B virus and most preferably Simim Virus 40 (SV40). Other
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suitabic mammalian promioters include heterologous mammalian promoters, for exanple,

heat-shock promeodiers and the actin promoter.

Additional prownwoters which may be of inierest include, but arc not limited to: the
V40 ety promorer cegion (Bemoist and Chammbon, 1981, Natwre 290:304-10); the
CMV prentoter: the promoter containeé in the 3 long torminal repeat ot Rous sarcema
virus (Yamamoto e al, 1980, Cefl 22:787-97); the herpes thymidine hinase promoter
(Wagmer ef al., 1981, Proc. Nntl. Acad. Sci. US4 78:1444-15); the regulatory scquences
of thc metallothionine gene (Brinster ¢r al, 1982, Natre 29(:39-42); prokaryotic
expression sectors such as the beta-lactamase promoter (Villa-Kamaroll ef af., 1973,
Proc, Nail. Acad. Sei. USA 75:3727-31); or the 12c promoter (DeBour ef al., 1983, Proc.
Nud, dcad Sei, US4 80:21.251, Also of interest ere the {ollowing animal transcriptional
conirel regions, which exhibit tissue specificily and have been wutilized in transgenic
anitnals: the clastuse T gene contro! vegion that is active in pancreatic acinur cells (Switt ¢
2l 1984, Cell 38:639-46; Omitz «r al., 198G, Cold Spring Hurbor Syvip. Quini. Biol.
50:399-109 (1986); MacDonald, 1987, Hepatology 7:425-315); the insulin gene conirol
region that is active in pancreatic beta cells (Hanahan, 1985, Nature 315:115-22): the
mmmenogiobulin gene control region that is active in hymphoid cells (Grosschedi e al..
1984, Cell 38:647-38; Adamies of al., 1983, Neture 318:333-38; Alexander e af.. 1987,
Mol Cell Biol, 7:1436-44): (he mouse mammary tumor virus comrol region that s active
in testiculor, oveust, Jvinphoid and mast cells (Leder er i, 1986, (el 43:485-95); ths
albumin geno controt region that is active in liver (Pinkert et al., 1987, Genes and Devel,
1:268-76}. the alpho-feto-protein gene control region that is active in liver (Krumlauf ¢
al,, TURS. Mol Cell, Biol. 3:1039-48; Hamuner ef al., 1987, Science ,2&:5368); the alpha
l-antitrwpsin gene control region that is active in liver (Kelsey ef al., 1987, Genes and
Devel 1:161-71% the bew-globin gene control region (hat is active in mycluid cells
(Mogram er al,, 1985, Nature 315:338-40; Kollias e al., 1986, Cell 46:89-94); the myelin
basic protcin gere conirol region (hat is active in oligudendrocyte cells in the brain
(Readhead er il 1987, Cell 48:703-12); the myosin light chain-2 gena comirol region that
s active in skeletil muscle (Sunic 1985, Nasire 314:283-36); wnd the gonadetropic
rezasitg hermone gene control region that i3 active in the hypothalamus (Mason ef al,
1986. Scicnce 234:1372-78).
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An enhancer scquence niay be inserted into the vector to increase transcription of
DNA ercoding light chain or heavy chein comprising an aati-IL-1R1 antibody of the
inveniion by higher cukaryoies. Linhancers are cis-acting clements of DNA, usually about
10-300 bp in length, that act on the promoter to incrause transeription, 1nhancers are
relatively orientation- and position-independent. They have been found 5” and 3° to the
transeription unit. Scveral enhancer sequences available from mammalian genes (e.g.,
globin, elastase, albumin, alpha-feto-protein and insulin) are known. Typically, howeyer,
an enhancer from a virus 13 used, The SV40 enhancer, the cvtomegalovirus sarly
promoter enhancer, the polyoma enhancer, and adenovirus enhancers known in the art ave
exomplary enhancing elements for the activation ol cukaryotic promoters. While ar
enhancer may be spliced into the vector at a position 5° or 3” 1o a nucleic acid moleculs, it

is typically located et a sitc 5’ from the promoter.

Expression vectors of the mventior may be constructed from a starting vector
such as a comrnercially available vector. Such vectors may or may not contain all of he
desired flacking sequences.  Whers one or more of the flanking sequences deseribed
herein are not already present in the vecior, they may be individually obtained and ligated
into the vector. Methods used for obtaining each of the flanking sequences are well

krovm io one skilled in the art.

After the vector has been constructed aud a nueleic acid molecule encoding light
chain or heavy chain or Hght chain and heavy cliain comprising an anii-1L-1R1 antivedy
has been inserled info the proper site of the vector, the completed vector may be insertad
into a suitable host cell for amplification and/or polypeptide expression.  The
transformetion of an expression vector for an anti-IL-1R1 antibody into a sclected host
cell may be accomplished by well known methods including transfection, infection,
caleium phosphate co-precipitation, elesiroporation, microinjection, liputection, DEAE-
dex‘ran mediated transfeetion, or other known tec'miigques. The method sclected will in
part be a function of the type of host cell to be vsed. These methods and other suitzble
methods are well known to the skilled artisan, and are sel forth, for cxample, in Sambrook
et al., supra.

The hosi cell, when cultured under appropriate cenditions, synthesizes an angi-TL-
[RI amtibody that can subsequently be collected from the culiure medium (i7 <he host cell
seeretes it inte the medium) or directly from the host cell producing it (if 1t is not
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secreied).  The sclection of an appropriate host cell will depend upon various factors,
such as desired expression levels, polypeptide modifications that arc desirable or
necessary for activity (such as glycosylation or phosphorylation) and ease of folding into

a biologically active molecnle.

Mammalian cell lines available as hosts for expression are well known in the art
and include, but are not limited to, many immortalized cell lines aveiluble from ihe
Amerean Type Oulture Collection (A.T.C.CJ), ineluding but not limited to Chinese
hamsier ovary (CHO) cells, HeLa cells, buby hamsicr kidney (BHK) cclls, monkey
kidney cells (COS), human hepatoce!lular carcintoma cells {e.g., Hep G2), and 4 number
of other cell lincs. In certain embodiments, one may select cell lines by determining
which cell lines have high expression levels und produce antibodies with constitutive [T
1R1 binding propertics. In another embodiment, one may select a cell line from ths B
cell lincage that does not make its own untibody but has a capacity to muke and secrete a

licterologous antibody (e.g., mouse mycloma cell lines NSO and SP2/0).

Antibodies of the invention arc useful for detecting IL-1R1 in biological samples
and idemification of cells or tizsnes that produce IL-1R1 protein. Said antibodies that
bind to 11-1R1 and block interaction with other binding compounds have therapeutic usc
in modulating IL-1 mediated diseases. In preferred embodiments, antibodies to 11.-1R1
can block TL~1R1 binding to 1L-13 or IL~-1ey, which can result in disruption of the 1L-1

signal transduction cascade.

Antibodies of the invention that specifically bind to 1L-1R1 may be usstnl in
treatinent of IL-1 micdiated diseases, as discussed below. Said mamtibodies can be used in
binding assays io detect IL-1R1 binding and their capacity io inhibit IT-1R1 from
forming a complex with TL-18 and T.-1R accessory protein (IL-1RACP) or with IL-1a
and [L-1RacP.
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In certain embodiments, the invention provides methods for treating medical
disorders associated with II.-1 mediated inflammatory reactions or 11-1 mediated
immunoregulatory rcactions. The mcthods of the invention include administering an amii-
ILIRI antibody of the invention (o an individual who is afflicted with an inflaxnmatory or
immunoregulatory disease that is mediated by TL-1. As used herein, the terms “illness,”
»

“disease,” “medical condition,” or “abnormal condition,” are used mterchangesbly with

the term “medical disorder.”

In a purticular embodiment, the methods ol the Invention involve administering fo
a petient an anti- T1-1R1 antibody of the invention, thereby preventing the binding oi’ 11.-

1 to its cell surface recepor (I1.-1R 1)

Jo freat a medical disorder characterized by abnormal or excess expression of 1L~
1 or abnormal] or excess [L-1 signaling, a molecule comprising an 11.- LR type I antibody
of this invention is administered to the patient in an amount and for a time sufficient ‘o
induce a sustained improverment in at least one indicator that reflects the severity of the
disorder.  An improvement is considered “sustaincd” if the patient exhibits the
improvement on at least two occasions separated by one to four weeks. The degree of
improvement is defermined based on signs or symptoms, @nd may also employ

questionneires that are administered to the patient, such us quality-ol-life questionnaires.

Various mdicators that reflect the extent of ithe patient’s illuess may be assessed
for detenmining whether the amount and time of the treatment is sufficieni. The baselineg
value for the chosen indicator or indicators is established by cxamination of the pulient
prior to administration of the first dose of the antibody. Preferably, the baseline
examination is done within about 60 days of administering the first dese. If the I1.-IR
antibody is being administered to treat acute sympioms, such as, for cxample, to treat
{rawmatic injurics (fraumatic knee injury, siroke, head injury, cte)) the first dosc is
administered as soon as practically possible afier ihe injury or event has oceurred.

Improvement is induced by repeatedly administering a dose of antibody until the
patient manifests an improvement over baseline for the chosen indicator or indicators. In
treating chronic conditions, this degree of improvement is oblained by tepeatecly
administering this medicament over a period of at least a month or more, e.g, for one,
two, or thres months or longer, or indefinifely. A period of one to six weeks, or even a
single dose, ofien is sufficient for weating acute conditions.
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Although the extent of the patient’s illness afier treatment may appear improved
according to one or more indicators. treatment may be continued indefinitely at the same
level or at a reduced dose or frequency. Once treatmneni has been reduced or

discontinucd, it later may be resumed at the original level if symptoms should reappear.

Any efficacious route of adminisiration may be used to therapeutically administer

v /|

the antivody, The antibody may be injected via imtra-articular, wiravenous,
intramuscolar, intralesional, intraperttoneal, intracranial, inbalation or subeutansous
routes by bolus injection or by continuous infusion. For example, pulmonary diseases
can involve intranasal and inhalation methods. Other suitable means of administration
10 inchude sustained release from implants, acrosol inhalation, cyedrops, oral preparations,
including pills. syrups, lozenges or chewing gum, and topical preparations such as lotions,
gels, sprays, ointments or other suitable techniques. Adimnistration by inhalation 1s

particularly beneficial when treating diseases associated with pulmonary disorders.

In one embodiment of the invention, an anti-IL-1R1 antibody of the invention can

15 be administered once a month, In another embudiment the antibody is administered once
every two weeks or oue time per week to treat the various medical disorders disclosed
herzin. In yet ancther embodiment the anttbody is admindstered at least two times per
week, and in another embodiment is administered at least once per day. An adult paticnt

is a person who is 18 years of age or older. Tf injected, the effective amount, per adult

20 dose, runges from 1-200 mgfmz, or from 1-40 mg'm’ or about 3-25 mg,-"mz. Alternatively,
a flat dosc may be administered, whose amount may range from 2-400 mg/dose, 2-100
mg/dose or rom about 10-80 mg/dose. If the dosc is to be administered more than onc

time per week, an sxemplery Cuse range is the same as the foregoing described doce
ranges or lower.  In one embodiment of the invention, the various indications cescribed

25  below we treated by administering a preparation acceptable for injection contairing IL-1
receptor antibody at 80-100 mg/dose, or alterntively, containing 80 mg per dose, The

dose is administered repeatedly. 1f'a route of administration other than injection is used,

the dosc is appropriately adjusted in accord with standard medical practices, For
example, if the route of aéministration is mhalation, dosing may be one to seven times per

A week ai dose ranges from 10 mg/dose io 50 mg per dose.
In preferred embodiments, ihe invention also provides pharmaceutical
compositions comprising a therapeutically effuctive amount of one or a plurality of the

48



10

15

20

25

30

WO 2004/022718 PCT/US2003/027978

antibodies of the invention together with a pharmaceutically acceptable diluent, carrier,
solubilizer, emulsifier, preservative and/or adjuvant. Preferably, acceptable formulation
materials are nontoxic to recipients at the dosages and concentrations employed. In
preferred  embodiments, pharmaceutical compositions comprising a therapeuticelly
effeciive amount of anti-IL~1R1 antibodies are provided,

In certain embodiments, the pharmaceutical composition may contain formulation
materials for modifying, maintaining or preserving, for example, the pH, osmolarity,
viscosity, clarity, color, isotonicity, odor, sterility, stability, rate of dissolution or release,
adsorption or penetration of the composition. In such embodiments, suitable formulation
materials include, but are not limited to, amino acids (such as glycine, glutamine,
asparagine, arginine or lysine); antimicrobials, antioxidants (such as ascorbic acid,
sodium sulfite or sodium hydrogen-sulfitc); buffers (such as borate, bicarbonate, Tris-
HCI, citrates, phosphates or other organic acids); bulking agents (such as mannito! or
glycine); chelating agents (such as ethylenediamine tetraacetic acid (EDTA)); complexing
agents (such as caffeine, polyvinylpyrrolidone, beta~cyclodextrin or hydroxypropyl-beta-
eyclodexirin); fillers: monosaccharides; disaccharides; and other carbohydrates (such as
glucose, mannose or dextring); proteins (such as serum albumin, gelalin or
immunoglobulins); coloring, flavoring and diluting agents; emulsifying agents;
hydrophilic polymers (such as polyvinylpyrrolidone); low molecular weight polypeptides;
salt-forming counterions (such as sodiumy; preservatives (such as benzalkonium chloride,
benzoic acid, salicylic acid, thimerosal, phenethyl alcohol, methylparaben, propylparaben,
chlorhexidine, sorbic acid or hydrogen peroxide); solvents (such as glycerin, propylene
glycol or polyethylene glycol); sugar alcohols (such as mannitol or sorbitol); suspending
agents, surfactants or wetting agents (such as pluronics, PEG, sorbitan esters,
polysorbates such as polysorbate 20, polysorbate 80, triton, trimetbamine, lecithin,
cholesterol, tyloxapal); stability enhancing agents (such as sucrose or sorbitol); tonicity
enhancing agents (such as alkali metal halides, preferably sodium or potassium chloride,
mannitol sorbitol); delivery vehicles; diluenis; excipients and/or pharmaceuticel
adjuvants. See, Remington's Pharmaceutical Sciences, 18" Edition, (A.R. Gennaro, ed.),
1990, Mack Publishing Company.

In certain embodiments, the optimal pharmaceutical composition will be
determined by one skilled in the art depending upon, for example, the intended route of
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administration, delivery format and desired dosage. See, for example, Renungion's
Pharmacentical Sciences, supra. Tn certain cmbodiments, such compositions may
influcnce the phys:cal state, stability, rate of in vivo release und rate of in vivo clearunce

of the antibodies of the invention.

In ceriain cbodiments, the primary vehicle or carrier in a pharmaceutical
composition may be either aqueous or non-aqueous in nature. For cxaraple, n suitable
vehicle or catrier may be water for injection, physiological saline solution or artificial
cerebroapingl flnid, possibly supplemented with other materials common in compositions
for parenteral administration. Newtrul buffered suline or saline mixed with serum albumin
arc finther exemplary vehicles. In preferred embodiments, pharmaceutical compositions
compprise Tris budfer of about pH 7.0-8.35, or acetate bufter of about pH 4.0-5.5, and may
further include sorbitol or a suitable substitute therefor. In caertain embodimernds of the
invention, anti-1L.-1R1 antibody compositious may be prepared for storage by mixing the
selected composition having the desired degree of purity with optional formulation agents
{Remington's Pharmaceutical Sciences, supra) in the form of a lyvophilized cake or un
aqueous solution. Further, in certain embodiments, the unti-TL~1R1 antibody product may

be formmulated as 4 Iyophilizaie using appropriate excipients such as sucrose.

The pharmacentical compositions of the invention can be sclected for parenteral
delivery.  The compositions may be selected for inhalation or for delivery through the
digestive fract, such as orelly. Proparation of such pharmaceuiicelly acceptabie

compositions is within the skill of the art.

The formulzlion components are present preferably in concentrations that arc
ucceplable fo tae site of administration. Jn certain embodiments, buffurs are used 1o
meintain the composition at physiological piT or at a slightly lower pIT, typically witkin a

pH range of from: about 5 to ahout 8,

Vhen parenteral adminisiration is contemplated, the therapeutic conipositions for
uge in this invention may be provided in the form of u pyvrogen-frec. parenteraily
acceptable aqueous solution coruprising the desired anti-IL-1R? anifbody in a
pharmacentically acceptable vehicle. A particularly suitable vehicle for parenicral
injection is sierile distilled water in which the anti-IL-1R1 antibody is formulated as a
sterile, isotonic solution, properly preserved. Tn certain emboditnents, the preparation can

invoive the formulation of the desited molecule with an agent, such as injectable
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microspheres, bio-erodible particles, polymeric compourds (such as polylactic acid or
polyglyeolic acid), beads or liposomes, that may provide controlled or sustained refease
of the produet which can be delivered via depot injection. In certain erbodiments,
hyalnronic acid may also be used, having the effect of promoting sustained duration in the
circulation.  In certain embodiments, implantable drug delivery devices may be used 1o

introduce the desired antibody molceule,

Pharmaceutical compositions of the nvention can be formulated for inhalation, Tr.
these embodiments, anti-IL-1R1 anfibodies are formuvlated as a dry powder for inhalation.
In preferred embodiments, anti-IT-1R1 aniibody inbalation solutious may also be
formulated with a propeliant for acrosol delivery. In certain cmbodiments, solutions may
be nebulized, Pulmonary adminisiration and formulation mcthods therefore are further
deseribed in International Paieni Publication No. W094/20069, incorporated by

reference, which describes pulmonary delivery of chesnically modified proteins.

1t is also coniemplated that formulations can be administered orally, Anti-IT~1R1
antibodics tﬁat are administerced in this fashion can be formulated with or withoui cerviers
customarily used in the compounding of solid dosage forms snch as {zhleis and capsules.
In certain embodiments, a capsule may be desighed to release the active portion of the
formulation at the point in the gastrointestinal tract when bioavailability is maximized and
pre-systemic degradation is minimized. Additional ugents can he included to facilitate
ansorption of the anti-IL-1R1 antibody. Diluents, Havorings, low melting peint waxes,
vegetable oils, lubricants, suspending agents, tablet disinteprating agents, and binders

may also be employed.

A pharmaceufical composition of the invention is preferably providad 1o comprise
an cffective quaniity of oag or a plurality of anii-If.-1R1 antibodics in a mixiure with non-
toxic excipients that are suitzble {or the manufuciure of tablots. By dissolving the tablets
in stcrile water, or another appropriate vehicle, solutions muy be prepared in unit-dose
form. Suitable excipients include, but arc not limited to, inert diluents, such as calciu
carbonaie, sodium carbonate or bicarbonaie, lactose, or calcium phosphaic; or binding
agents, such as starch, gelatin, or acaciz; or Jubricating agents such as magnesium
stearaie, stearic acid, or tale.

Additional pharmaceutical compositions will be evident to those skifled in the art,
including formulations involving anti-IL-1R1 amtibodics i sustained- or controlled-
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delivery formulations. Techniques for formulating a varisty of other sustained- er
con‘rolled-delivery means, such as linosome carriers, bio-cravible microparticles or
porous beads and depot iujections, are also known to those skilled in the art.  See for
example, Imemational J%a‘ent Publication No. WO93/15722, incorporated by relersnee,
which deseribes controlled release of porous polvmeric microparticles for delivery of
pharmaccutical compositions. Susiained-release preparations may include semipermeable
polymor matrices in the form of shaped articles, e.g. films, or mictocapsules. Sustained
relesse matrices may include polvesters, hydrogels, polvlactides (as disclosed in U.S
Patent No. 3.773.91% and European Patent Application Publication No. EP 038481),
copolymers of L-ghuamic acld end gamma sthyl-t-glutpate (Sidman of al,, 1982,
Biopabamery 22:347-336), poly 2-hydroxycthyl-methacryvlate) (T anger e al.. 1981, J.
Biomed, Muater, Res. 15:167-277 cud Langer, 1982, Caem. Teck. 12:98-103), cihivicne
vinyl aceiate (Langer o af , supra) or poly-D{-3}-3-hvdroxybutyric acid (Furopean Patent
Application Publication No. EP 133.988). Susizined rclease compositions may also
wmcluce liposomes that can be prepared by any of several methods known in the art. Sce
e.z., Bppstein of al, 1985, Proc. Nafl. dcad, Sci. USA 82:3688-3692; Furopean Patent
Application Publication Nos. EP 036,6706; EP 088,040 and P 143,949,

Pharmuceutical comnositions wsed for in vivo administration are typically
provided as sterile preparations,  Sterilization can be accomplished by {iliration through
sterile filtration menibranes. When the composition is ivophilized, sierilization using this
methad may be conduceted either prior 1o or following lyophifization and recons‘itution.
Compositions for parcnteral adniinistration can be stored in lyophilized form or in 2
solution. Parenteral compusitions gererally are placed into a container huving a sicrle
20CesR PorL, for example, an intravenous solution bag or vial having a stopper pierceabie

by 2 hypodennic injcction needle.

Once the pharmuacewtical composition has been fonnulated, it may be stored in
sterile vials as a solution, suspension, gel, emulsion, solid, or as a dehydrated or
Iyophilized powder. Such formuiations may be stored cither in a readyv-to-nse form or in

a form (e.g., lyophilized) that is reconstituted prior to administration.

The invention wiso prevides kits for producing a single-dase administration unif.

The kits of the invemion may cach contain both a first container having a dried protein

and a sceond comainer having an aqueous formulztion. In certain embodiments of this
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invention, kits containing single and mulii-chambered pre-filled syringes (e.g., liquid

syringes and lyosyringes) are provided.

The cfiective amount of an anti-TL-1R1 aniibody-containing pharmaceutical
compesitior: o be omploved therapeutically will Jdeperd?, fo- exaraple, uporn the
{herapeutic comext and objectives.  One skilled in the art will appreciate that the
appropriate dosage levels for treatment will vary depending. in part, upon the molecule
delivered. the indicanon for which the anti-IL-1R1 antibody is being used, the route of
adnnnisiration, and the size (body weight, body surfac. or oruan size) and/or condiiion
(tac age and general health) of the patient. In certain emobodiments, the clinician may titer
the dosage und modify {he rouie of administration 1o obiain the optimal therapeutic effect.
A tvpical dosage may range from about 0.1 pg’kg 1o up io chont 100 mgkg or more,
depending on the factors mentioned above, In preferred embodiments, the dosage may
range fiom 0.1 ng'kg up to about 100 mg ke, more prefersbly from 1 pg'kye up to about

SO0 meky; or even imore preferably from 5 ng/hsg up to about 10O mgXy,

Dosing frequency will depend upon the pharmacokincetic parameters of the
particulur anti-I[.-1R1 anibody in the formulation used.  lvpically, a clinician
administers the composition until 2 dosage is reached that achieves the desired effeet.
The composition may therefore be administored as a single dose. or as two or more doses
(which may or niay not contein the same amount of the desized melecule) over time, or as
a continuous fusion va an fnplantetion device or vatbeter. Further refingment of the
appropriate dosage is routinely mace by those of ordinary skill in the art and is within the
ambit of tasks routinely performed by theru.  Appropriate destyges may be ascertained

through usc of appropriate dose-response data.

The route of adirinistration of the pharmeaceutical composition is in accord with
known ruethods, ez orally, through injection by intravenous, ictraperitoneal,
iniracerehral (.inira—parcnchymal), intracerehroventricular, imrmﬁm:cular, intra-ocuisr,
intraarterial, intraportal, or intralesional routes; by sustained relesse systems or by
implantation devices. Tn certain embodiments, the composiiions may be administered by

holus injection or continuetsly oy intusion, or by implantation device.

The composition also may be administered iecally wia implantation of o

merrhrane, sponge or another appropriate matericl viro which ihe desired molecule las
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been absorbed or encapsulated. In certain embodiments. where an iroplantation device 18
used, the device mav be implanted into eny suitable tissue or argan, and delivery of the

desited imelecule may be via difusior, timed-release bolus, or continuous administration.

Tt also may be desirable to use anti-IT.-IR1 antibody pharmaceutical compositions
according 10 the inventien ex vivo. In such instances, cells, tissnes or organs that have
been removed from the patieni are exposed to anfi-IL-1R1 antibody pharmacentical
composi‘ions after which the cclls, iisstes and’or organs are subsequently implanted back

into the paticnt.

In particular, anti-I1.-1R! antibedies can be delivered by impluting certain cells
that have been genatically engincered, using methods such as those described berein, to
express and socrete the polvpeptide, In certain emrbodinments, sucit cells may be animal or
human vcells, ad may be ultologous, heterologous, or aenogeneic.  In certam
embodiments, the cells may be immortalized. In other embodimems, . order 10 deerease
the chance of un iminunclogical response, the cells may be cncapsulated to avoid
infiltration of surrounding tissuecs. Tn further embodiments, the cncapaulation materials
are typically bioconpatible, semi-permeable polymeric cnclosurcs or memhrancs that
aliow ihe release of the profein product(s) but prevent the destruction of the cells Hv the

patient’s immune system or by other detrimental factors from the surrounding tissucs.

I cerain embodiments, the invention farther encompasses the adntinistration of
en anti-lL-1R1 anttbody ot phammaceutical composition of the invention conenrrently
with one or more othur drugs that are adminisicred to the same patient, each drug being
administered according to a repimen suliable for that medicument.  This encompasses
pre-treatnesd, sinultanecus treatmieni, scquential weatment and alicmating rogimens.
Lixamples of such drugs icclude, but ars not limited to, antivirals, antibiotics, analgosics,
coricosteraids, antagoniss of inflammatory cytokines, discase-modifying anti-rheumaiic
drugs (DMARDs), and non-steroidal anti-Inflammatories.

In other embodiments, an anti-[L-1R1 antibody or pharmaceutical compasition of
the inveniion cay be administered in combinalion with other cyloking inbibitors,
meludisg those that antagonizs. for example, RANKL, TGFB. TENk. 116 o IL-8 and
INE, particularly TNFe, Tu corubination with I1-6, an antibody of this invention con be

used 1o freut and prevent the recurrence of seizures, including seizures induced by
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GABA, receptor antagonism, seizures associated with FEG ictal episodes and motor
limbic seizares occurring during status epilepticus. [n combination with LNy inhibiter,
an antibody of thix invention is usefll in treating idiopathic pulmoncry tibrosis and cystic
fibzosis. The combination of an IL-1 receptor cniibody and RANKI. inhibitors, ey a
RANKL antibody is useiul for preventing bone desiruction in various scitings including
but not limited to various rheumatic disorders, osteoporosis, multiple myeloma or other
malignancics that cause bone degeneration, or anti-tumor therapy aimcd at preventing
metastasis to bone, or bons destruction associated with prosthests wesr debris or with
periodontitis.  In addition, apntibodies of the inveniion may be administerad in
combination with IT.-17 inhibitors such soluble lorms of an 1L-17 recepior (such as 11.-
17R:IFe) or an 1L-17 antibody or IL-17R aniibody, 1L-18 binding profein, soluble fonns of
IL-18 receptors, and IL-18 anitbodies, antibodics apainst IL-18 receptors or antihodies

agzinst CD30-1'cand or against CD-.

The invention further encompasses methods for using an anti-ILIR | antibody or
pharmaceutical composition of the invention in treating the berein diselosed wadical
disorders in combination with a TNF inhibitor, preferably TNFR:Fe (ENBREL®) aud wany
combinationl of the above described cytokines or cvtokine inhibitors thar are active cgents
in combinction therapies. For example, in sccordance with the present invention,
combination iherupy methods may be used for ireating thenmmeid arthritis, stroke,

asthima, psoriasis, etc.

Conditions elfectuvely treated by un ami-IL-1R1 antibods or pharmaceuticul
compaosiiion deseribed herein include pulmonary diseases such as asthma. chronic
ohsimetive pulmonary  discase. pulmonary alveolar proieinosis,  bleonyein-indaced
pneumopaihy and fibrosis, radition-induced pulrienary fibross, cystic fibrasis, collager.
aceumulation in the lungs, and ARDS, a1l v which mey be rearad with combinations ef
an antibody to 11.-1R and an il.-4 inhibitor andior H.-13 inhivitor, g 11-4R antibaxdy
thar inhibits TL-13 and 1L-4 activiiy, ‘The disciosed anithadies and phermaccuticsl
compositions of the invention also are useful for ireatiug broncho-pulmonary dysplasia
(BPD); chronic ubstructive pulmonary disceses (¢.g. emphysema and chronic oronchitis),
and chrovic fibratic lung disease of preterm infams.  In addition, the c¢mmpounds,
compositions and combinztion {herapies of the nvention are used 10 et occupitiona

lung diseases, including asbestosis, coal worker’s pnenmnconiosis, silicosis or simular
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conditiors associated wiih long-term cxposure to fine patiicles. In other aspects of the
invention, the disclosed compounds, compositions and cornbination therapies are used to
treat bronchioliterans organizing pneumonia, pulmonary fibrosis, including idiopathic
pulmonary fibrosis and radiation-induced pulmonary fibrosis; pulmonary sarcoidosis; and

allergies, including allergic rhinitis, contact dermatitis, atopic dermatitis and asthma.

Such combinations aze useful also for treating patienis suffcring from various skin
disorders, including but not limited to dermatitis herpotiformis (Duhring’s diseasc), aiopic
dermatitis, contact dermatitis, urticaria (including chronic idiopathic urticariz), and
autoimmune blistering discases, including pemiphigus vulgaris and bullous pemphigoid.
Other diseases treatable with ihe combination of an IL-1R antibody and an 11.-4 and/or
11.-13 inhibitor include mvesthenia gravis, sarcoidosis, including pulmonary sarcoidosis,
scleroderma, reactive arthritis, hyper [gB syndrome, multiple sclerosis and idiopathic
hypereosinophil syndrome. The combination 1s nsed also {or ireating allergic reactions to

medication und as an adjuvant t¢ allergy immumotherapy.

The IL-1 recepior antibodies and phanmaceutical compositions described herein
are usefi]l for treating protozoal diseascs, including malaria and schistosomiasis and to
weat erythema nodosum leprosum; bacterial or viral meningitis; tuberculosis, meluding
pulmonary tuberculosis; and pneumonitis sccondary to a bacterizal or viral infection

including influenza infection and infectious mononuclcosis.

Cardiovasculsr disorders and injuries are treatable andior preventable with
disclosed either pharmaceuntical compositions or wati-IL1-R1 antibodies alone or in
combinaiion with other cytokine inhibitors, Cardiovascular disorders treatable include
aortic aneurysms; including abdominal aomic ancurysmis, acuie coronary syndrome,
arteritis; vasculer ocelusion, including cerebral attery occlusion; complicaijons of
coronaty by-pass surgery; ischemia/reperfusion injury; heart disease, inchuding
atherosclerotic heart disease, myocarditis, including chronic autoimmune myocarditis and
viral myocarditis; hear failure, including chronic heart failure, congestive heart failure,
cachexia of heart fatlure; myocardial infarction; restenosis and/or athcrosclerosis afier
heart surgery or afler carofid artery talloon angioplastic procedures; silent myccardial
ischemia; lelt ventricular purnp dysfunction, post implantation complications of left
ventricular ussist devices; Raynaud’s phenomena; thrombophlebitis; vasculitis, mcluding
Kawasaki’s vasculitis; veno-occlusive  disease, giant  cell artenit’s, Wegencr’s
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granulomatosis; mental confusion following cardio pulmonary by pass surgery, and

Schocnlein-Henoch purpura.

In certain embuodimenis, anti-11-1R1 antibodies and pharmacsutical composilions
of the invention can also be used {o treat chronic pain conditions, such as chronic pelvic

pain, including chronic prostatitis,/ pelvic pain syndrome, and post-herpetic pain,

Disorders of the endocrine system including juvenile onset diahetes (includes
autoimmure diabetes mellitus and insulin-dependent types of diabetes) and maturity onset
diabotes (includes non-irsulin dependent énd obesity-mediated diabetes) can zlso be
treated with anti-JL-1R1 antibodies or pharmaceutical compositions of the invention.
Such treattuent includes secondary conditions associated with diabetes, such as diabetic
retinopathy, kidney transplant rejection in diabetic patients, obesity-tediated insulin
resistance, and renal failure, which itself may be associated with proteinurea and
hyperiension. Other endocrine disorders also are treatable with these compounds and
mclude polycystic ovarian disease, X-linked adrenoleukodystrophy, hypothyroidism and
thyroiditis, including Hashimoio’s thyroiditis (i.¢., autoimmune thyroiditis), thyreid cell

dvsfunction, including cuthyroid sick syndroma,

Conditions of ihe gasirointestinal sysien: are treatable or preventable with anii-IL-
1R antibodies or pharmacentical compositions of the invention, alone or in combination
with olher therapeutics.  These conditions include coeliac disease, Crohn’s discasy;
nleerative colizis; idiopathic pastroparesis; pancreatitis, including chronic pancreatitis;
acuie pancreatitis, intlammatory bowel disease and ulcers, including gastric and duodenul

ulcers,

Disorders of the genitourinary svstem are also treatable or preventiable with the
anti-T1.-1R1 antibodics or pharmaceutical compositicns described herein. Such disorders
include glomerulotephiritis, inclwding autoimmune slomerulonephitis,
alomerulonephritis duc to exposure to toxins or glomeralonephritis secondary 1o
infections with huemolvtic sireptococci or other infectious agents, Also treatable with the
compounds, compositions and combination therapies of the invention are uremic
swndrome and ifs clinical complications (for example, renal failure, anewmia, and
hypertrophic cardiomyopathy), including uremic syndrome associated with exposure to
environmental toxins, drugs or other causes. Complications that arise from inflammation

of the pallbladder wall that leads to alteration in absorptive fumction are treatable or
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preventable with the amtibodies of this invention. Incinded in such complicaitons are
cholelithiasis (gallstones) and choliedocholithiasis (bile duct stones) and the recurrence of
cholesithiasis and choliedocholithiasis. Further conditions treatzble with the corupounds,
compositions and combination therapies o the invention are complications of
hemodizlysis: prostate conditions, including bemign prostatic hypertrophy, nonbacterial

prostaiitis and chirow’e prostatitis; and complications of hemodialy«is,

Also provided herein are moethods for using anti-TI -IR1 antibodies ot {he
invention, compositions, and combinasion therapies to treat various hematulogic and
oncologic disorders. Yor example, anti-IL-1R] antibodies, alone or in combinaiion with
other cxtokine inhibitors or other active agetis as described ahove, can be used o treut
various forms ¢f cancer, including acute imvelogecous leukemia, chronic myeloscnous
leuzemiy leukemia, Epstein-Barr virus-positive nasopharyngeal carcinonit, gloma,
colon, stomach. prostate. venal cell, cervical and ovarian cancers, lung cancer (SCLC and
NSCIC)Y  weluding  cancer-associated cachexia, fatigue, asthenia, parancoplastic
ssndrome  of cachexia and hypercaleemia.  Solid tnmors, including  sarcoma,
osteosarcoma, and carcinoma, such as adenocarcinoma (for example, breast cuncer) and
squamous cell carcinoma are also ircatable.  Additional ireatable concers inchude
scophogenl cuncer, gastric cancer, pall bladder carcinoma, leukemia. including acute
myelogenous levkemia, chronie myelogenous leukcnia, myeloid leukemiz, chronic or
acute Iymphoblastic laukemia and hairy ccll leukemia. Other malignancics with anvasive
mwetustatie potential, including multiple mycloma, can be treated with the subject

compournds, compositions «nd combination therapics.

Tn addition, the dixclosed anti-IL-1R1Y antibodics can be used to treat anemias and
hematologic disorders, including chronic idiopathic neutropenia, ancmia of c¢hronic
Cisease.  aplastic  ancnia,  including  Fanconi’s  aplastic  anemin;  idiopathic
ttrambocyiopenic purpura (ITP); thrombotic thrombocytopenic purpura, myclodysplastic
sviidromes (including refractory anemia, refractory anicmia with ringed sideroblasts,
refraclory  anemia with cscess blasts, refractory anemia with cxcess blasis in
rransformation); myclofibrosisimycloid metaplasia; and sickle cell vasocelusive crisis.

Various lymphoproliferative  disorders also are treawable with anti-IL-1R1
antibodics of the invention, including autoimmune Iymphoprolifecative  syndrome
{ALPS), clronic lymphoblastic leukemia, hairy cell leukemin, chronic Iymphatic

8
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letkemia, peripheral T-cell Tymphoma, small vmphocytic lymphoma mamle ooil
Iymphoma, follicufar lymphoma, Burkiit's Iymphoma, Epstein-Barr virus-positive T ecl]
tymphoma, histioeytic lymphoma, Hodgkin’s Jiscase, ditfuse aggressive |ymphomae,
acute lymphatic leukemias, 1 gamma lymphoproliferative disease, cuiuneous B cell

5 lymphoma, cutancous T cell lymphoma (i.e., niycosis fimgoides) and Sézary svnirome,

Hereditary conditions such as Gaucher’s discase, Huntingtow’s diseuse, linear 1gA

disease, and muscular dysirophy are treatable with the antibodics of this ‘mvention.

(her conditions treutable or preventable by the diselosed TL-1 recentor antibodies

or pharmaceutical compositions include those resulting from injuries 1o the head or spinal

10 cord mcluding subdural hematoma due te trauma to the head. T commection with this
therapy, the compositions and combinations described are suitable for praventing cranial
nenrnlogic damage and preventing and weating cervicogenic beadache, The conmuasitions

and combinstions deseribed are further suiiable for treating neurological sice effects

asseciated with braim irradiation.

15 Anti-J1.-iR1 antibodics and pharmaceutical comzposition of the invention are alse
useful for treating conditions of the liver such as hepatitis, including acute alcoholic
hepatitis, acule drug-induced or viral hepatifis, hepatitis A, B oand (L selerosing
cholangitis, hicpatic sinusoid epitheliurm, and nflaunnation of the liver due 1 unknown

CIUKECS,

2 Disordars that involve hearing loss end that are associated with ahnormal IL-1
expression are treatuble with the anti-TL-1R1 antibodics or pharmaccutical compositions
of the invention. Such disorders include cochlear nerve-associated heering loss ihal i3
thonght to resilt irom an autoimmune process, i.c., sutoimmune hearing Joss.  Also
treatuble or preventable with the anti-IL-1R1 antibedics o pharmaceutical compasitions

25 of the mvention is Menicre’s syndrome and chiolesiestoms, a middle ear disordar olien

associated with heariag loss.

Nou-athritic disorders of the benes ¢nd jeints and alsa treaable with the
antibodies deseribed herein. This encompasses osteoclast disorders that lead (o bone loss,
such as but noi lmited to osteoporosis, inchuding post-menopausat osicoporosis,

3 osteoartritis, periodontitis resulting in tooth luoseniug or loss, and prosthesis loosening

after joint replacetnent (gonerally associuted with an inflammatory respuuse o wear
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deoris). This katter condition also is cailed “orihopedic implant osteolysis.” Another
condition trextable with the compounds, compositions and combination therapies of fhe

inventon is temporat mandibular joint dysfunction (TMJ).

The anti-11 -1R1 antibodics or pharmaceutical compositions of the invention can
algo be usedd 10 weat rheumatic disorders including adult and juvenile rheumatoid arthritis;
selerodarma; aystemic lupus erythematosus; gout; ostecarthritis; polymyalgia rheumaticu:
seronegative spondylarthropathies, including ankyvlosing spondylitis, and Reiier's discase.
psoriaiic arthritis and chronic Lyme arthritis. ‘The antibodics of this invention are also
useful for treating nilammation of the voluntary muscle und other muscles, inchiding

dertnatomyositis, inclusion body myositis, polymyaositis, and lymphangiolcimyomalosts,

Anofher use for the antibudies and pharmaceutical compositions of the invention
15 2hie treatment andor prevention of primany amyloidosis and the seeondary amyloidests
that 13 characterisiic of varions condition inciuding Alzhemer’s discase, secondary
reactive amylowosis: Down’s svndromy; and dialysis-uassociated amyloidosis.  Also
treatable with the antibodics or pharmaceutica! compositions of ihe invention are
inherited  periodic  fever  syndromes, including  familial  Mediterrane:in  dever,
hypermmunoglobulin D and petdodic fever syndrome and UNF-receptor associiated

periodic syndromes (TRADPS).

In other embodimenis, the antibodies or pharmaceutical compositions of (he
invention can he wsed 10 treat disorders wnvolving 1he shin or mecous membranes. Such
disorders include acantholytic diseases, including Darier’s discase, keratosis follicularis
and pemplugus vulgces. Additionud skin disorders that can be treated using antibodics of”
the invention include acne, acne rosaces, alopeeia areata, aputhous stomatius, bullous
pemphigoid, burns. cezema, orythema, including orythoina multiforme and erythema
rktiforme bullosut (Sievens-Johnson syndrome), inflammatory skin discase, lichen
planus, lincan 19A bwilous diseasz (chronic bullous dermatosis oi' ckildhood), loss of skin
clasticily, mucosal surfuce uleers, Including gastric wlcors, neutrophilic dermatitis
{(Sweel’s syndrome), duratomyositis, pityriasis nubra pilaris, psoriasis, pyoderma
gangrenosim, mullicenirie reticulohistiocytosis, and toxic epidermal necrolysis. Other
skin related conditions treatable by the therapies and combination therapies of the present

invention include ermatitis herpetitormis.
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Additional disorders that can be treated with the wnibodies or pharmaceutical
compositions of the invention include graft -versus-host disease, und complications
rosulting trom solid organ transplantation, such as heast, liver, skin, kidncey, lune (lung

transplant airway obliteration) or other transplants, including bone marrow transplants.

Oculur disorders ulso are treatable or preventeble with the disclosed anti-1L-1R1
antibodics  or pharmmuccutical  compositions, including  rhogmatogenous  retinal
detechment, and bylunmalory cye disease. including nflammatory eve  discase

associated with smoking and macular degencratior:.

Antibodies or pharmaceutical compositions of the invention, as deseribed herein,
are useful for treating disorders that affect the female reproductive svstem.  Fxamples
include, but are not [inited to. multiple mplur’ tuiluresntertiliny; feial loss syndrome or
TVoembryo loss (spontancous  abortion), precclampiic pregnancies or  eclampsii;

endometriosts, chironie cervicitis, aad pre-term labor,

In additian, the antibudies or phanmeceuticul compositions of the invention are
useful for {reating and/or preventing seiatica, symptoms of aging, savere drug reactions
(for example, 1I-2 toxicily or bleomycin-induced pneumopathy aud fibrosis), or 1o
suppress the inilammiatory response prior, during or afler the trensiusion of allogencic rad
bloed cells in cardiae or other surgery, or in treating a travmatic injury to a limb or joint,
such es traumatic kuee tujury,  Various other medical disorders treatuble with the
disclosed anti-11-1R1 amntibodics or pharmaceuncal compositions inciude; owluple
sclerosis; Beheet's syvrdrorme; Sjogren’s syndrome; avtaimmune hemolytie anenic bet
thalassemia; amyotruphic laterel sclerasis (Lou Gehrlyy's Dissase); Parkinzon’s discases
and tenosynovitis of unknown cause, 4s well as variots autoimmune disorders or diseases

associated with hereditary deficicncies, inclucing x-linked mental retardation.

Furthermore, the anti-IL-1R1 antibodics or phannaceutjcal comupusiions of tie
invention we useful for treating cenwral nervous system (CNS) injunies. meluding the
affects of nevrotoxic neurotransmitters dischurged during excitation of inflammaiion in
the central nervous system and to inhibit or prevent the development of plial scars at sites
of cenfral vervous svstem injury.  In connection wiih epilepsy and the trealment of
seizores, reducing the soverity and number of recuiring sejzures, and reducing the
severity of the delewrious effects of seizures, reducing neuronal loss, neuronad

degeneration, and gliosis associated with seizures.
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Additional uses for the antibodics or pharmaceutical compositions of the invention
meluce, but are limited to, treating critical illness polyneuropathy and myopathy
(CIPNM) acute polyncuropathy: unorexia nervosa; Bell’s palsy; chronic faligue
syndrome; fransmissible dementia, including Creurzfeld-Jacob discase; demyelinaning
neuropathy; Guillain-Barre syndrome; vertebral disc disease; Gulf war syndrome; chronic
inflammatory demyelinating polynauropathy. myasthenia gravis; silent cerebral ischemia;
sleep disorders, including narcolepsy and slecp apnea; chronic neuronal degeneration; and
stroke, meluding cerchral ischemic diseases. Still additional uses for the antibodics of the
invention are anorexia and/or anorcxic conditions, peritonitis, endotoxemia and septic
shock, granuloma formation, heat siroke, Chutg-Strauss syndrome, chronic inflammation
following acute nfections such as tuberculosis and leprosy, systemic sclerasis and

hypertrophic scarring.

Inn other embodiments, avidin fision proteins comprising an amino acid sequence
of one of the IL.-1R1 antibodies of the invention can be constructed for various purposcs.
Avidin fusion proteins can be generated, for example, using a mammalian cxpression
veelor containing cDWA sequence encoding recombinant chicken avidin adjacent io a
multiple cloning site for inseriivn of 4 specific target gene fusion partner, The vector can
include un avidin sequence with ifs endogenous signal sequence io cnable sccretion of
discrete fusion gene partners that do not naturally contain signal scquences. 'The fusion
proteir: expressed by the vector has an avidin protein tag at the N-terminal portion of the
fusion partner. The fusion strategy as described hercin has the capability of secreting
profeirs that are normally expressed iumracellnlarly, such as signal transduction genes or

nuclear hormone receptors.

Alternatively, a vector can be used that encodes avidin without its cndogenous
signal sequence, which will result in C-terminal tagging of fusion protein partners. A C-
rerminal avidin fusion also allows for protein sceretion hascd on the cndogenous signal
sequence of the fusion partner. Such a strategy can be applied to allow for correct protein
processing and folding or to determine validity of a proposed signal sequence.
Additionally, the vector can comprise a short nucleotide sequence encoding an amino
acid sequence, which can act as a specific enzyme-cleavable substraie, between the avidin
and fusion partner sequences, Such enzyme-cleavable sequences allow for separation of

the fuusion partner from the avidin for purification or protein release purposes.
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Avidin fusion proteins of the invention can be used, for example, in untibady
screening, functional characterization (detenmination of an antibody’s utility as an agonist
or antagonist, ncutralizing agent, cte.), epitopc mapping, or imnimization stratcgies.
Avidin fusions of a target protein cen also be utilized in pharmokinetic, efficacy or otaer
standard assay formals designed to test preclinical samples or chnical pa‘ient sampies for
the presence of the therapeutic aniibody in blood, urine, or oiher tissuc samples. Avidin
fusion protein partners can be prepared as full-length or truncated sequences, specific
isolated structural domains, or as chimeric sequences with other homologs of the fusion

parter from other specics.

Avidin fusion proieins can be expressed using any standard means of iniroducing
genes into cells, as described herein and known in the ari. ‘The proteins can be expressed
in, for example, 293 or CITO cells by transiecting the cells with an avidin fusion construct

in a solution of lipids, such as in Lipofectamine {Invitrogen, Carlsbad, CA).

Conditioned media and/or cell lysates [tom cells expressing the fusion proteins
can be collected and applied to an assay substrate, such as biotin-coatec polysiyrene
beads or biotinwoated ELISA plates, Collecting the conditioned media and/or cell lysate
can be conducted at a time point thai allows for optimum expression of the fusion protein.
The tims point can be determined experimentally by those skilled in the art, but is usually
about 4% hours post-fransfection. Fusion proteins can also he analyzed at the cell
racmbrane or iniracelivlarly for expression and functionality in binding known ligands,

recepiors, or aniibodies.

Avidin fusion proteins of the inveation can be unalyzed by any known or
previously churacterized method that utilizes biotin-avidin interactions. Such methods
include, bui are not limited to, flow cytometry and fluorescent imaging/microscopy. For
cxample, avidin fusions expressed in media or ccll lysates can be applied to biolin-coated
beads and stained with a fluorescently tagged wati-avidin antibady to indicaic expression
level.  Also. fluorescent antibodics cen be applied thet recognize the specitic Ztsion
protein purtner in a muliicolorimeiric assay format. Additionally, unlabeled antibodies
specific for the fiision protein partner can be applied simultancously with fluorcscently
tagged antibodics in a competition assay.

In ceriain embodiments, the invention provides methods for mapping epitopss

using avidiu fusion proteins. An example of in epiiope mapping meihod of the nveniion
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is provided below with respeet to mapping epitopes for anti-IL-1R1 antibodies. However,
one of skill in the art will recognize that such methods can be readily applicd to mapping
epitopes for any antibody aud is not limited to anti-U.-1R1 antibodies. Tor example,
¢NNA. encoding chicken avidin (with endogenous signal sequence) can be joined with the
5” end of ¢cDNAs encoding a protcin of interest (f.e. a protein that is recognized by
antibodies for which determining an cpitope is desired) {used to a T1.AG-tag sequence at
the 3* cnd. The FLAG-tagged fasion genes can be assembled in an cxpression vector
using conventional molecular techmigques. A panel of mutani avidin-FLAG tagged
proteins iu which certain amino acids have beon substituted (e.g., with corresponding
amino acid residues from another anitnal speciss) can be generated using conventional
techniques, The mutant and wild type proteins can be cxpressed in host cells and binding
o1 the wild-type or rautant proteins with an antibody of interest can be detected using, for
cxample, Western blot analysis or bead-based binding assays as described herein. Thus,
an epitope can be defined by determining which substitufions in the mutant proteins

desiroy binding to the antibody of inlercst.

EXAMPIES
The Jollowing examples, ircluding the experimenis conducted and results
achieved are provided for illustrative purposes only and are not to be construed as
Imiting the invention,
ixample 1
Production of lluman Monoeclonal Antibodies Against Interlenkin-1 Reeeptor Type

1(IL-1R1)

Transgeric HuMah Mice

Fﬁlly human monoclonal antibodics to TL-1 receptor type 1 (IL-1R1) were
prepared using the TICo7 strain of transgenic mice, which expresses human antibody
genes. I cach of these mouse strains, the endogenous mouse kappa light chain gene has
been homozygously distupted as described in Chen ef al. (1993, EMBO J. 12:811-820),
and the endogenous mouse heavy chain gene has heen hontozygousiy disrupted 2s
described in Example 1 of International Patent Application Publication No. WO 01/09187
(incorporated by reference). Each of these mouse strains camies a human kappa light
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chain iransgene. KCoS, as described in Fishwild e el (1996, Nature Bictechnology
14:845-851).  The HCoT strain carries the HCo7 human heavy chain transgenc as
described in 1.8, aleni Nos. 35,545,800; 5,625.825; und 5,545.807 {incorporaied by

reference). The HCo7 strain is referred to herein as TIudMeb wice.

HuMab Immunizations

To generate fully human monoclonal antibodies o IL-TR{, HuMab mice were

immunized with purified recombinant IT-1IR1 derived from insect or maommalian cells

(for example, CHO cells) as wntigen,  General {mnunization schemes for ThuMab nidee

10 are described in Lonberg er ol (1994, Natnre 308:356-859: Pishwild of 2. supra; and
International Patent Application Publication No, WO $4/24884, the 1cachings of euch of
which are incorporated by reference). Mice were 6-16 wecks of age wpon the frst
miusion of antigen. A purified recombinant preparation (25-37 gy of IL-1R1 antigen
(e.g.. parified from transiceled insect or mammalian celis expressing IL-1R 1) was nsed to

13 immunize the HuMaeb mice intraperitoneally (IP) or subcutaneously (Se).

Imounizations of TluMab iransgenic mice were achieved using antipen in

commplete Freund's adjuvant and two injections, tollowed by 2-4 weeks [P immuwizition

{up o a total of 11 itmnunizations) with the antigen tn mcomplete Freund's adjuvant,
Several dozen mice were immunized tor vach antigen, A wotal of 149 mice of the HCoT

2 strain ware inmmunized with 11L-1R1.  The fmmiune rospunse was monitored oy

retroorbital bleeds.

To select HuMab mice produciug antibkslies that bound T1-1RI(, sera from
immunized mice wery tested by ELISA as described by Fishwiid ¢f al., supra. Bricfly,
microtiter plates were vowted with purified recombipant TI-IR1 {ram insect or

25 mammalian cells at 1-2 pug/mL ix PBS and 50 gLiwell incubated at 4°CC vvernight, then
blocked with 200 ul.Awell of 5% chicken serum in PBS/ 'ween (0.05%). Dilutions of
plasma from 1) -1RI-imonmized mice were added 1o each well and incubated 101 1-2
bours at smbient tamperature.  The plates were washed with PBS/T'ween and then
neubated with a goat-anti-human TgG Fe-specific polyclonal reagent conjuguted to

3¢ horseradish perosidase (HRPH for 1 howr at oo teinperature. Plates were washed with

PBS: lweer and incubated with @ goat anti-human [gG Fe-specific polyclonal reagent

O
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conjugated to horseradish peroxidase (TTRP) for 1 hour at room temperature.  After
washing, the plates were developed with ABTS substrais (Sipma Cheruical Co., St. Louis,
MO, Catalog No. A-1838, 0.22 mg/mL) and anulyzed spectrophotometrically at OD of
415-495, Mice with sufficient iiters of anzi-IL-1R1 human immunoglobulin were used to

produce monoctonal antibadies as described below.

Generation of hvbridomas producing human monoclonal artibodies to 1L-1R1

Mice were prepared for monoclonal antivody production by boosting with antigen
intravenously 2 days before sacrifice, and spleens were removed thereafter. The monse
splenocyies were isolated from the HuMab mice and fused with PEG fo a mouse
myeloma cell Jine using standard protocols. Typically, 20-30 fusions for each antigen

were performed.

Briefly, single cell suspensions of splenic lymphocytes from immunized mice
were fused to onc-fourth the number of P3X63-Ag8.653 nonscereting mouse myeloma
cells (AT.C.C., Accession No. CRI. :580) or SP2/0 nonsecreting mouse myeloma cells
(A.I.C.C., CRL 1581) wiih 50% PEG (Sigma). Cells werc plated at approximaiely
1x10%well i tlat bottom microtiter plates, followed by about a two week incubation in
selective medium contuining 10% fetal bovine serum, (0% P388D1- (AT.C.C,
Accession No. CRL TIB-63) condifioned medium, 3-5% origen (IGEN) in DMDEM
(Mediatech, Catalog No. CRL 10013, with high glucosc, T~glutamine and sodium
pyrvate) plus S mM HEPZS, 0.055 mM 2-mercaptocthanol. 30 mgiml. gentamvein and
Ix LAT (Sigma, Catalog No. CRL P-7185), After 1-2 weeks, cells were cultured in

nedium in which the HAT was replaced with I,

The rusulting hybridomas were screened for the production of antigen-specific
antibodies. Individuzl wells were screened by ELISA (described above) for human anti-
H-1R1 monoclonal IgG antibodies. Once extensive hvbridoma grow(l occurred,
medium was monitored wsnally after 10-14 days. Antibody-scereting hybridomas were
replated, screcned 2gain and, if still positive for human 12G, anti-IL-1R1 monoclonal
antibodies were subcloned at least twice by limniting ditution. The stable subclones were
then culiured in vidro 1o generate small amounts of antibody in tissue enlture medium for

characterization.
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Seleciion of Human Monoclonal Axnt

dics Binding to 11 -1R1

An ELISA assay as described above was used to screen for hybridomas that
showed positive reactivity with [L-1R] immunogen. Hybridomas secreting a monoclonal
aniibody that bound with high :widity to IL-IR1 were subcloned and further
characterized. One clone from cach hybridoma, which retained the reactivity of parert
cells (as determined by ELISA), was chosen for making & 5-10 vial cell bank stored in

liquid nilrogen.

An isotype-specific ELISA was performed to deiermine the isotype of the
nionoclonal antibodies produced as disclosed herein. In these experiments, microfiter
plate wells were coaled with 50 gLéwell of a solution of 1 gp/mL of mouse anti-human
kappa light chain in PBS and iacubated at 4°C ovemmight.  After blocking with 3%
chicken serum, the plates were reacted with supematunt from each tested monoclonal
antibody and a purifizd isotype control. Plates were incubated @ ambient temperatars for
1-2 hours. The wells were then reacted with either human IgGl, 18(G2 or IgGd-specitic
horseradish peroxiduse-conjugated goat anii-humsan polyclonal antisera and plates were

developed and analyzed as described below.

Monoclonal antibodics purified from hyoridoma supernatants that showed
significant binding {o JT.-1R1 as detected by ELISA were further tested for biolopical
activity using i vifro binding assays and human chondrocyte and whole blood cell-bused
assays. The aniibodics that displayed the best activity were designated 15C4, 26F3,
27172, 24E12, and 10H7. Tiwe amibodics were suhjected 1o 4 preliminary epitope sorting
'experiment. ELISA platcs were coated with human sll-1R1 (14243 domain), truncated
human sIL-1R1 (142 dowmain). rat sI~1R1. human sU~1R type 1, and ovalbumin
(negative control). Antibody binding was detecied with a horseradish peroxidase-
conjugated anti-Iluman Fe antibody (Pierce Chemicel Co., Rockford, L), The resalts arc
summarized in Teble 2. A cheek mark (V) in Tuble 2 represents a positive result for
binding; “X’" represen’s a nogative result. Antibodies 15C4, 2615, 2752 and 24E:2 bind
only the IL-1R1 protein that has all three extracellulur domains, indicating that the
cpitopes for cach fall within the third domain. Antibody 10117 binds both the full-length

extracellnlar domain JV.-1R1 and ¢lso a truncated protein that has only domains 1 and 2,
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dernonstrating that the cpitope for this antibody lies within either domizin 1 or 2. Nonz of

the antibodies tested has cross-reactivity with human type 1J receptor or rat TL-1R1.

Table 2

CA Hu s[L-1R1 Hu siL-1R1 Hu slL-1Ri) Rat siL-1R1
Antibody | {Nugativo Control} | (1+2+3 Domain)| (1+2Domain) } (i+243 Domain} | {1+2+3 Domain)
1504 X v | | X | X x
B 26F5 B —X L ¥ X )-(_ | o X -
272 X | ¥ x X ;_x _

e | x| 4 x| ox 0 x
10H7 X v o X X _

Example 2

In Fiiro inhibition of I1.-1 Receptor Type 1 Complex Kormation by anti-11.-1R1
Antibodics

he ability of the antibodies to inhibit the extracellular binding evenis required for
iL-1 signaling was ussessed with recombinant proieins in vioro in un assay in which I7.-1
mading 1o WL-1R results in formmation of a high ziinity binding site for 11.-1RAe¢P. The
birding of IL-1RAc to Il.-I-bound IL-1R (refered o us “comples formation™) is
measured as foliows.  Recombinant proleins were incubated ‘n binding nssays in
mivrotiter plates in the adsence (control) or presence of antibodizs. g values were
derived froni comparisons of conirol values to values obtained in the presence o! antibody
at concentrations between Fd fM and 110, Tn brief, the assay was conducted as follows.
Biotinylated  [L-IR1 and streptavidin-coated beads (Dynal, Dynabeads M-28) were
dispensed in microtiter plates,  Antibody was ihen added (o the appropriate wells in a
scrial difution covering a broud range of concentrations.  11-13 or JL-1¢, was added m &
concentration of I oM. and ILIRACP lubeled with ruthenium (prepared with NHS-Tuy
(IGEN) according 1 IGEN protecols) was added at a final concentration of 5 1M, After
incubation for 1 hour at room iemperature, the binding reaction was anal yeed with either

an ORIGEN™ 1.5 or M8 instrument (IGEN International Inc.}.  IL-1RA¢P binding io TL-

6F
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1 bound IL-1R1 was dectermined by detecting the electrochemiluninescence signal
associated with the 1L-1R1 bound bewds. ‘The reduction of signal resulting from antibody
competition ot either IL-1 or IL-1RAcP binding was czleulated as percentage of ECL

signal for maximum binding (no competition).

5 The inhibition response curve for each antibody in these bincing assavs was
established and ICsgs were derived using PRISM™ software. The resul's for inkibition of
II-1f induced binding cvenis are depicted by the graph in Figure 12. The ICy; values for
inhibitio1 of complex formation arc shown in Table 3 below. Autibodies 15C4, 26T5,
27F2. and 24512 strougly inhibit complex formation. 'T7hese antihodies are all TL-1R1

10 third domain binders, s described above. Antibody 10H7 belongs to a class of antihodies
that binds to a comnstruct of the IT~1R lacking the third domain. 10H7 is a Icss potent
inhibitor of 11.-1 driven hinding of IL-TRAcP than the third domuain binders. Complex
formation inhibition by the antibodies of the invention was compareé with inhibition by
IL-1ra. The third domain binders demonstrated similar or slightly greater ability to

15 inhibit complex formation by comparison with IL-[ra,

Figure 13 depicts the ability of antibody 15C4 io inhibit [L-1R1/1L-10RAch
complex tormation, The ICsg for IL-1RI/IL-10/RAcP complex formation was 43 pM.

Table 3
1luman anti-11.-1R1 !

1504+ 2685 27F2  , 24E12 ' 10B7Y ll-ra
— e —— P PV — o ———
[1C30 9 pid oM Wk 1 2mpM SiaM 55 e

—nme - - e l —n -
- 95% Confidence FipM iy | H8aM 21D | 2MpMIle T | 225 pM sl | 26nM TS SO 32 (O
| Limits I M 1 oM oM PM l M TAS ok
20
Example 3

Anti-11.-1121 Autibodies Inhibit Binding of II.-12 and JL-1ra to Receptor

The ability of nii-IL-1R1 antibodies 10 inhibit binding of either IN.-1p or IL-1ra
to 1L-1R 1 was assessed in an assay with recombinant proteins. The reaction mixture
25 contuined 0.1 mg/mL Dynabeads M-280 Streptavidin (Dynal) acd 1 nM biotinylated IL-

1R1. Amtibodies were added at concenirations from 320 nM to 0.3 oM. Addition of
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rathenium-tagged TL-18 (5 nM) or IL-1ra (1 nM) initiated binding that procceded for 1
hour at room temperatire.  The reaction mistures were measured as above using an
ORIGEN™ 1.5 or MS instrument (JGEN International Inc.). Compctition was caleulated
as the percentage of BCL signal for maximum binding (no competition).  Antibodies
18C4. 26F5, and 27F2, the most potent antibedies, biock ligand (IL-13) binding to
receptor, but do rot significamly interiere with the binding of IL-1ra compared with 1gG
contrel, In con‘rast, antibody 24E12 binds receptor but dovs not block TL-13 or IL-[r
binding to receptor. ‘Thus, antibody 24E12 represemts @ unigue cluss of third domain
binders distinet from the class represented by 15C4, 26F35, and 2762, Antibody 10H7
inhibits both: T1-153 and Ul.-1ra from binding to the recepior. The results are summarized

in Figure 14,

Example 4

Chondrocvte and Human Whole Blood Assavs

Primary buman chondrocytes (Cell Applications Inc., San Diego, CA) were
seeded into 96-well plaies at a density of 10,000 cellsiwell im DMLM media containing
1% FBS and 1% Pen Sirep (GIBCO). Cells were allowed Lo recover avernight before
addition of anti-IL1-RT antibodiss al concentrations ranging from 10 nM to 0.1 pM for 20
minutes, IL-15 was added to a concentration of | pM (-ECss) and culture supernatants
were larvesied after 10 hours incubation at 37°C. 1L-6 levels in the supernatant werce
measured using an ELISA (Pierce-Lndogen, Rockford, L, Cuts EH21T.-63) according to
the manufacturer’s insirnetions. The inhibition rosponse cerve for cach antibody of ihe
invention in the cell-basced ussays was established ond 1Csq values were derived using
PRISM™ sofiwarc. Antibodies 15C4, 2615, and 27K2 arc potent inhibitors of 11.-i
signaling compared with IT-{ra (Figure 15A). Antibodies 24E12 4nd {0H7 are markedly
less potert than 15C4 ardd 27F2 (Figure 15R). The IC.,; values for inhibition of IL-1B
induced IL-6 production human chondrecyies are shown in Tables 4A and 2B

(carresponding to Figure 154 and 138 respectivelyd.

Anti-IL-1R1 monoclonal antibodies 15C4, 26FS, and 27F2 wore pre-incubsated
40-60 minuies with human whole blood coflected from normal volunteers in sodium

heparin vacutainers,  The assays were run as follows: 100 ul. freshly isolated blood was

Ly}
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50 pL of antibody was added in RPMI medivm

IL-13 was then added ot a concentration of 30 pM

(BC:). Culture supcrustants were harvested after 18 hours, and 17.-6 levels in the

supernatant wre measured usiug an ELISA. As a corirol. Ti - Lra was pre-incabated 44-

60 minutes with whole blood and IL-6 production was measured as above.

anti-1L-1R1 antibedies blocked IL-1 activity with poteney comparable

(Figure 16).

wiole blood are shown in Table 5.

Table 4A

The t‘hrcu
to that of TE-1ra

The IC30 valves for inhibition of TL-1-induced IT.-6 production in fuman

Hunian antl-IL-lm Anlllhmlic

) 15Ch

I 27F2

L ) wFE | rll -ira
| _1cs0 16 pM 32pM 26 1M ' 32 oM )
‘ 9F"f§ﬁﬁf"“ ISpMo1SpM  21pMied9pM . 9pMiodipM  23pMiod6pM
Table 48
' lluman autl-IL-lRl Antlhmhcs
) 1804 272 | 0 e S N
R () O ipM ‘Qp&1 T.3pM CONA 0 zoan
95% Conlidence | >3 pM 1w 7Y 22pMio 5 ] 5.60nMio 11 NA | 17pMi023 a
Linits ™ M . ™M = pM_
Tahle 5
o Analysis e e . .
Donor ; 15(¢4 2605 27F2 IT-1ra
) _Parameters - - -
: TCE) G 415N e NPy
. (047 st Contidence |l i 21 i T A SR AT 1m0 1M ] 122 PN 10 441 et
—— T imifs . o T . . i
T _" T 1C30 I.-i“.‘_c&i_ ?:',:\-2 | q, pid i . B T
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Site directed mutagenesis (Altered Sites™ Tn Vitro Mulagenesis System, Promepa,
Mudisor: WI) of IT-1R1T was used to prepare a panel of mutant proteins (“muteins™) 1
which ral amino acid restdues were sebstituted for the corresponding human sejuence.
Fifteen differcnt mutated plasmids were constructed (sce nunbered bars in Figure 17).
Plasinids encoding these substituted proteins and the parental U-1R1 were transicnily
hansiceied in CTIO cells.  Mock fransfectan’s were gencrated as negative controls.
Conditioned medium (CM) from these cells was concentrated ~20-fold using Centrirep
10 conceniration columos {Amicon). xpression of the muteins wes assessed by SDS-
PAGE and Western blotting.  Thirteen mutant profeins werc expressed at levels that
allowed evaluation of antibody binding. The proteins were loaded onto a gel,
electrophoresed and transferred to membranes. The tmembranes were blocked in 1'% mnlk
mn PBS. 0.1% Twear-20 and then incubated for 1 hour «L room temperature with anti-T1 -
IR antibodies 15034, 27F2, or 24E12 at 0.5 ug/rl, in PBS, 0.1% Tween-20.  After
washing, membranes were mcubated with gout anfi-hmnan JgG-Fe-1TRP. Signal was
detected using chemilumingscence (ECL) substrate (Picrce Chemicul Co., Rockford, 1),
Humun specific sequences critical for antibody binding were identified as those that when
substituted with rar sequences redueed or eliminuted ECL stgnal,  15C4 recognition of
moants 1, 2, 4 and 10 was impaired when compared to 24E12 (Figure 18, top pancl).
Similarly, 27F2 binding to mutaats 1, 2 and 4 was impaired (Figure 18, middle panel).

24E12 bad no significant binding to mutants 12, 13, 14 and 15 (Figure 18, botiom pavel).

[solation and ¢haracterization of human anu-1T-1R1 antibodies has identified
three distinet classes of competitive antibodies (Figure 19). The strongest inhibilors of
IT.-1 biologica! activity, as demounstrated by cell-based bioassays, are those antibodies that
biral the third domain of TL-1R1 and prevent IL-1-f association. Epitope maapping
experanents using a pancl of third domain mutani proteins has demonsirated that this
class of antibodics, which includes 153C4. 27T2 and 20F3, sharcs an overlapping but not
identical, conformational epitope.  Figures 20 and 21 illustrate the position of 15C4
epitopes on the third doviin of the TL-1 reeeptor, in a ribbon diagram of 11.-1ra hound 1L-
I receptor (Schreuder et al., 1997, Nature 386:194-200). The IL-1 receptor residues that
detine binding of the most poteni class of antibodics arc illustraied in gray. These
antibodics have demonstrated superior poteney, and thus thesc epitopes define binding

sites for antipedics ot a superior class, The 15C4 and 2712 hinding sites are overlapping
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but not identical, as determiined by the mutational analysis of the 15 different sites within
TL-1R1 described above, The sites are depicted in Figure 17 as numbered bars above the
protein sequence. Critical sites of interaction appear to be within muiations at sites 1
(LSDIA; SEQ 1D NO: 41), 2 (VIDE; SEQ ID NO: 42), 4 (YSV) and 10 (TCIFA; SHQ 1D
NO: 43), 15C4 and 27F2 binding sites are comprised within sites 1 and 2, since
substitution of the rat residues for the human residues in either site abolisnes binding,
27F2 differs from 15C4 in thut changes in sife 4 completely abolish its binding, whercas
15C4 birdling is redaced but not completely climinated. Mutation 10 also reduces 15C4
hinding, but 27F2 has no obvious interaction with this site. Examination of the crystal
siructure reveals that thesc residues define a face of the thivd domain that is otented
towards the space oceupicd by bound ligand (Figures 20 and 21) (Vigers et al., 1997,
Nature 3806:190-194),

‘The second class of antibodies identified, represented by 10H7, does net reguire
the third domain for binding, end vnlike the preferred class, inkibits IL-1ta bindinz, This
clays is active in bioassays, but is less potent than the preferrad class.

In conirast to the strong inhibition of IL-1 bioassays with the preferred class of
ertibodies, 24E12 is an ineffective inhibitor in bloassays. Antibody 24E12 inhibits the
binding of IL-IRAcP with IL-1-bound 1L-1R. The epitopc for this class of antibodies,
defined by mutants 12, 13, 14 and 15, is proximzl to the transmembrane domain of 1.~

1R 1, and is in a region not directly involved in cither IL-1 or 1L~1ra binding (Figure 22).

Example 6

Cloning the anti-IL-1R1 Antibody Ieavy and Light Chains

Cloning of the anti-1[-1R1 15C4 MAb Light Chain

The .Iight chains for three hvbridomas exprcésing alL-1R1 binding monoclonal
gniihodies. 15C4, 27172, and 26FS were cloned into the matnmalian cell cxpression vector
pDSR19 (see International Application, Publication No. WO 90/14363, which is hercin
incorporated by reference for any purpose). The construction of ihe plasmid encoding ihe
15C4 kappa light chain is explicitly described berein; cloning of the other light chain

specics was performed using similar procedures, The ¢lL-1R1 kappa light chain variable

~J
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region was obtaincd using polymerase chain reaction (PCR) amplification methods from
first strand cDNA prepared from oIL-1R1 hybridoma 15C4 total RNA prepared using
TRIzol® reagent (Invitrogen), First strand ¢DNA was synthesized using a random primer
with an exlension adapter (5°- GGC CGG ATA GGC CTC CAN NXN NNT - 37; SEQ
TD NO: 44) and 5° RACE (rapid amplification of cDNA cnds) was performed using the

in

(reneRacer™ it (Invitrogen). Tor the complete light chain, the forward pamer was the
GeneRacer'™ nested primer (57 GGA CAC TGA CAT GGA CTG AAG GAG TA -3
SEQ T NO: £5) and the reverse primer was 5’ GGG GTC AGG CTG GAA CTG AGG
-3’ (SEQ 1D NO: 46). The RACE products werc cloned into pCR4-TOPO (Tovitrogen)

10 and the DNA scquences were determined. The 15C4 kappa chain consensus DNA
sequence was used to design primers for full-length antibody chain PCR amplification,
‘The 5° kappa PCR. primer encoded the anvino tenmivus of the signal sequence, an Ybal
restriction enzyme site, and an optimized Kozak sequence (5°- CAG CAG AAG CTT
CTA GAC CAC CAT GTC GCC ATC ACA ACT CAT TGG G -3’; SEQ ID NO: 47).

15 The 37 primer encoded the carboxyl ferminus and termination codon, as well as a Sa/l
restriction site (5°- CIT GTC GAC TCA ACA CTC TCC CCT GTT GAA GCT C -3%;
SEQ D NO: 48).

5" all~1R1 15C4 kappa primer (SEQ ID NO: 47):
20 57- CAG CAG AAG CTI' CYA GAC CAC CAT GTC GCC A1C ACA ACT
Xbal Kozak M S8 P S Q L
CAT TGG G-3°
I G (SEQIDNO:4Y)

25 3 all-1R1 15C4 kappa primer (SEQ TD NO: 48):
5- CTT GTC GAC TCA ACA CTCTCC CCT GTT GAA GCT (-3
Sall * C 1 G R N F 8 (SLQIDNO:30)

The full-tength oIL-1R1 15C4 kappa chain clone was obtained using a pCR4:
20 15C4 kappa clone by PCR amplification with the 5" and 3’ oI 1R} 15C4 kappa primers.
The PCR reaction generated a 733 base pair product encoding the 233 amine acids

residues (including the 19 amino acid kappa chain signal sequence) of the ¢IL-1R1 15C4
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Keppa chain, The PCR product was purificd using a QIAquick PCR Purification kit
(Qiagen Cat. No.2810=), cul with Xhul and Szl gcl isolated and purified using &
QIAquick Gel Extraction kit (Qlagen Car, No.28704). This PCR fraunient comuining the
compleie alL-1R1 15C4 kappa chain was ihen ligated into the munmalian expression
vector pDSRulY.  The 1504 keppa chain expression clone was DNA sequenced e
cenfirm thai it encoded 1he same peptide thal was identified i the 1303 hybridomi. The
{inal expression vector, pDSRu19:15C4 kappa is 5468 base puirs and containg the seven

functional regions described in ‘Table 6.

‘Table 6
Plasrid Jrase
Pagalwober, —_ ‘
210881 A tanscrption termimatior poly: 'dun\]uuo\ signal from the re-subunit of

]Ihc hovine pitaitary glveoprotein hormong (-FSH) (Goodwin et al.,
1983, Nucleic Aeids Res. 11:6873-82; Genbank Accessinn Nuntber
L X0 o o o B
382102027 | A mouse dihydrefoiate reductase {DITFR) minigene containing the
endogenous mouse DHER promoicer, the ¢cDNA cading seqaences, and
the DITIFR transeription terminativaspolyadenylation signals {Gasser et l

| ai. 1982, Proc. Natl. Acad. Sci. U. 8. 4. 79:6522-6; Nunberg et al., 1980,

Cell 19:355-64. Seteer et ai, 1982, J Biol Chom. 257:5143-7,
. MecGrogan ot al., 1985, . Biol. (7 ( “hen. 260:23 07_)_
205110 3947 pBl(.S SCUIIETCTs containing y the amptulhn resistance marker genc and
- the origin tiw replication of (he plasmid m £. cofi {Genhank Accession
Number JO1749)
2049 {0 4202 [ An SV40 cariy promoter, enhanecer and origin of replication { Takebe et ‘
“al,, 1988, Mol Cell Biol 8:466-72, Genbavn Accession Nuntber .
102.300) o . ) o
1299 10 4565 | A transletional enhancer elemerit from the HTLY-1 L1R domain k
(Seiki of al., 1983, Proe, Nail, Acad. Sei. U S0 A §0:3618-22, Geabank |
__Accession Number 102029) '
(35700 4730 An inren from the SV40 165, 195 splice “donor: .mwnlc\r b! aals
| (Okayuma and Berg, [983, Aol Cell Bivl. 3:280-9, Creubank Accession 1
Number J02409)

——

f _{?5_5__'[0 5'46_8 ‘The 15C4 kappa hﬁht chain LI)NA huw Cen tlu. ‘mal and Sall sites

Construction of phSR19:WlgGI1Cyy
A pDSRa19:rat variahle region/hman corstant region TgGl (r'VivhChi) Mab
expression plasmid was constructed as the result of o three-piece ligation of Xbal and

-
il
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BemBT terminated raf antibody variable region PCR product, the human IgG1 constant
region {C- . hinge, C; and Ci; domains) derived by Sall cleavage and gel isolation of
the Bl and Sell fayment from the linsar nlusmid pDSRalY:hlgGl C (HindlT and

RsmBI ends) und a linvarized pDSRa19 with Aal and Sall ends (see co-owned and co-

h

pemding ULS. Provisional Patent Application No. 60:370,407, filed April 3, 2002, “luman
Ani-OPGE  Neutralizing  Antibodics  As  Sclective OPGI. Patbhway  Inhibitors.”
incormorated by reference).  The final expression vector, plSReclrat variable
regionhiuman constuni region [gGL (rVh/hChl), is 6158 basc pairs and corfains the 7

tunctional regions desceribed in Table 7,
iv Table 7

Plagnyd 13.an
_Pai= Number:

210 881 " A transcription termination? ‘polyadenylation sIgnal from the o-subunit of
the bovine pitvitary glycoprotein hormone (¢-FSH) {(Goodwin e al.
1983, Nucleic Acids Res. [1:6873-82; Genbank Accession Number
3 XOUOO4) L )
82102027 | A mousc dihydrofolale reductase (DHI"R) winigens cmiammg the
i endogenous mouse DHER promoter, the cDNA coding sequences, and
the DHFR transeription iermination/polyvadenylation stgnals (Gasser of
: al., 1982, Proc, Nall. Acad. Sci. U. S, 4. 79:6522-6; Nunberg ot 7.,
1950, Cell 19:355-64; Setzer et of., 1982, J. Biol Chem. 257:5143.7:
o McGrogan v al., 1985. J Binl, Chem. 260:2307-14) ]
2031103947 pBR322 sequences containing tie ampicillin resistance marker gene and _
ihe origin for rephication of lhx, plasmid in £, coli (Genbank Accession
. Number 101749)
2049 10 4242 . An SV40 carly promoter, enhancer and origin of replication {Takche ¢
Cud 198, Mol Cell Binl 8:160-72, Genbank Accession I\umbcl
y JU2400) » ) _
4299 1o 4565 \'.-\ ‘nuwsiationz! enhancer dumcm from the HTLV-] T'fR domain

(Seiki et @l., 1983, Proc. Natl Acad. Sci. U. S, 4. 80:3618~22, Genburk
- Ageession Number IU"OW)
4374104730 An intron from the SVA0 168, 198 splice doner/aceeptor siyhals
(Ohuyama and Berg, 1983, Mol Cell Riol. 3:280-9, Genbank Accession
_ . Number JO250n1)
473510 6138 ¢ TherVh/hChl heavy chain ¢cDNA between the Xbal and Sail sites. This |
\ heavy chain fragment sequence 1s shown below (SEQ ID NO:51) with
the sequences of the restriction sites underlined:
Aba]
. TCLAG ACCACTUATGSG ACATCAGGCT CAGCTTAGLT TTCCITGTCC
| | I l"I_"l.‘CA_'I A.}A ,-\G_GTGT CCAG TGTGAGGTAG AACTGGTIGGA
() ICTGGUGAC GGOTTAGTAC AACCTGGAAG GTCCATGACA

TCICCTGTG CAGCCICUGGG AT TCACTTEC AGAACCTATG GCATGGCCTG
| | un,u JCGLUAG GLCCCAACGA AGGGTCTGGA GLIGGGICICA

76




10

15

WO 2004/022718 PCT/US2003/027978

TCAATTACTG CTAGTGGTGG TACCACCTAC TATCGAGACT CCGTGAAGGG
CCGCTTCACT ATTTTTAGGG ATAATGCAAA AAGTACCCTA TACCTGCAGA
TGGACAGTCC GAGGTCTGAG GACACGGCCA CITATTICTG TACATCAATT
BsmB]

TCGGAATACT GGGGCCACGG AGTCATGGTC ACCGTCICTA
GTGCCTCCACCAAGGGCCCA TCGGTCTTCC CCCTGGCACC CTCCTCCAAG
AGCACCTCTGGGGGCACAGC GGCCCTGGGC TAGCCTGGTCA AGGACTACTT
CCCCGAACCG GTGACGGTGT CGTGGAACTC AGGCGCCCTG
ACCAGCGGCG TGCACACCIT CCCGGCTGTC CTACAGTCCT CAGGACTCTA
CTCCCTCAGC AGCGTGATGACCGTGCCCTC CAGCAGCTTG GGCACCCAGA
CCTACATCTG CAACGTGAATCACAAGCCCA GCAACACCAA
GGTGGACAAG AAAGTTGAGC CCAAATCTTG TGACAAAACT
CACACATGCC CACCATGCCC AGCACCTGAA CTCCTGGRGG
GACCGTCAGT CTTCCTCTTC CCCCCAAAAC CCAAGGACAC CCTCATGATC
TCCCGGACCC CTGAGGTCAC ATGCGTGGTG GTGGACGTGA
GCCACGAAGACCCTGAGATC AAGTTCAACT GGTACGTGGA
CGGCGTGGAG GTGCATAATG CCAAGACAAA GCCGCGGGAG
GAGCAGTACA ACAGCACGTA COGTGTGGTC AGCGTCCTCA
CCGTCCTGCA CCAGGACTGG CTGAATGGCA
AGGAGTACAAGTGCAAGGTC TCCAACAAAG CCCTCCCAGC
CCCCATCGAG AAAACCATCTCCAAAGCCAA AGGGCAGCCC
CGAGAACCAC AGGTGTACAC CCTGCCCCCA TCCCGGGATG
AGCTGACCAA GAACCAGGTC AGCCTGACCT GCCTGGTCAA
AGGCTTCTAT CCCAGCGACA TCGCCGTGGA GTGGGAGAGC
AATGGGCAGCCGGAGAACAA CTACAAGACC ACGCCTCCCG
TGCTGGACTC CGACGGCTCC TICTTCCTCT ATAGCAAGCT CACCGTGGAC
AAGAGCAGGT GGCAGCAGGG GAACGTCTTC TCATGCTCCG
TGATGCATGA GGCTCTGCAC AACCACTACA CGCAGAAGAG
CCTCTCCCTG TCTCCGGGTA

Sall
AATGATAAGT CGAC

The linear plasmid pDSRat19:hIgG1Cy was prepared by digesting the pDSR19:rat
variable region/human constant region IgG1 plasmid with the restriction enzymes Xbal
and BsmBI to remove the rat variable region and purified wsing a QIAquick Gel
Extraction kit. The linear plasmid pDSRa19:hIgG1Cy containing the 1 kbp human IgGl
constant region domain was used to accept hybridoma derived aIL-1R antibody variable
regions.

Cloning of the anti-IL1-RI 15C4 MAb Heavy Chain

The heavy chains for ten hybridomas expressing ollL1-RI binding monoclonal
antibodies, 15C4, 27F2, and 26F5 were cloned into the mammalian cell expression vector
pDSRa19. The construction of the plasmid encoding the 15C4 heavy chain is explicitly
described; cloning of the other heavy chain species was performed using similar
procedures. The all-1R1 15C4 heavy chain variable region was obtained using PCR

amplification methods from first strand cDNA prepared from oIL1-RT hybridoma 15C4
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totul RNA prepared usitg TRIzel® reagent. First strand ¢DNA was synihesized using 4
random primer with un exiension adapier (5’- GGC CGG ATA GGC CTC CAN NNN
NNT =37 SEQ ) NO- 44) and a § RACE (rapid amplification of ¢cDNA cnds) was
performed using the GeneRacer™ Xit. For the partial length beavy chain, the forward
primer was the (GeneRacer™ nested primer (57 GGA CAC TGA CAT GGA CTG AAG
GAG ‘LA -3, SEQ 11> NO: 45) and the teverse primer was 5™~ TGA GGA CGC TGy
CCA CAC G -3 (SEQ IDNO 52). The RACE products were cloned into pCRA-TOPO
and e DNA acyuences were determined.  The 15C4 heavy chain variable region
consensus DNA sequence was used to design primers for the heavy chuin variable region
PCR ampfiitcation. The 5 heavy chain PCR primer eacoded the amino terminus ol the
signal scquence, an Xhal restriction enzyme site, and un optimized Kozak sequence
(3°-CAG CAG AAG CTT CTA GAC CAC CAT CGG GTC AAC CGC CAT CCT CG
3’ SEQ ID NO: 53). The 3° primer encoded the carboxyl end of the vartable region,
including o nuturally oceurring sense strand BsmBI site (5-GTG GAG GCA CTA GAG
ACG GG ACC AGU GI'L CC-37; SEQ ID NO: 54).

5'alL-1R1 15C4 heavy chain primer (SEQ ID NO: 53):
S CAG CAL AAG CLT CTA GAC CAC C ATG GGG TCA AUC GCC
Xbal Kozak M G S T A
ATC TG -3
I L {SEQID NG: 35)

R'ulL-1R1 158CH heavy chain prisner (SEQ TD NO: 54):
T-GTG GAL GOA CUAN GAG ACG GTGACCAGG GIT CE-Y
T § A S 8 V T V L T GiSEQTDNO )
DemBT

Construgtion of the anti-IL1-RI TgGl Heavy Chuin Expression Clone

The fuil-length «IL-1R1 1SC4 heavy chain clone wus obtained from 4
pCR4:ACSY heavy chain clone by PCR amplification with the 57 and 3 wIl.-1R1 15C4
heavy chain primers. The PCR reaction generated a 442 base pair product encoding the

L3 amiro acids residues (including the 19 amino acid heavy chain signal sequence) of
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the alL~1R1 15C4 heavy chain variable region. The PCR product was purified using a
QIAquick PCR. Purification kit and then digested with Xbal and BsmBI, gel isolated end
purified using a QIAquick Gel Extraction kit. This fragment containing the complete
all-1R1 15C4 heavy chain variable region was then ligated into the mammalian
expression vector pDSRa19:hIgG1Cy. The 15C4 heavy chain IgGl expression clone
was DNA sequenced to confirm that it encoded the same heavy chain variable region
peptide that was identified in the 15C4 hybridoma. The final expression vector,
pDSRoi19:15C4 TgGl heavy chain was 6173 base pairs and contains the seven fimetional
regions described in Table 8.

Table 8

210 881

A transcription termination/polyadenylation signal from the a-subunit of
the bovine pituitary glycoprotein hormone (a-FSH) (Goodwin ef al.,
1983, Nucleic Acids Res. 11:6873-82; Genbank Accession Number
X00004)

882 to 2027

A mouse dibydrofolate reductase (DHFR) minigene containing the
endogenous mouse DHFR promoter, the cDNA coding sequences, and
the DHFR transcription termination/polyadenylation signals (Gasser et
al., 1982, Proc. Nail, Acad. Sei. U. §. 4. 79:6522-6; Nunberg et al.,
1980, Cell 19:355-64; Setzer et al., 1982, J. Biol, Chem. 257:5143-7;
McGrogan ef al., 1985, J, Biol, Chem. 260:2307-14)

2031 to 3947

pBR322 sequences containing the ampicillin resistance marker gene and
the origin for replication of the plasmid in E. coli (Genbank Accession
Number J01749)

3949 to 4292

An SV40 early promoter, enhancer and origin of replication (Takebe ef
al.,, 1988, Mol. Cell Biol. 8:466-72, Genbank Accession Number
J02400)

4299 to 4565

A translationg] enhancer element from the HTLV-1 LTR domain
(Seiki et al., 1983, Proc. Natl. Acad. Sci, U. . A. 80:3618-22, Genbank
Accession Number J)2029)

4574 to 4730

An intron from the SV40 16S, 198 splice donor/acceptor signals
(Okayama and Berg, 1983. Mol. Cell Biol. 3:280-9, Genbank Accession
Number J02400)

4755 to 6173

The 15C4 heavy chain IgG1 cDNA between the Xbal and Sall sites
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Construction of pDSR19:hieGG2Cy

A pDSRu19:human variable regionhuman constant region TgG2 (hVhvhCh2)

MAb expreasion plasiuid was consiructed as the result of a three-piece ligation of Yhal

and BsmBl terminated homan antibody variable region PCR producl, a human 1gG2

5 coastent region (Cy, hinge, Ciz and Cy; domains) PCR product with BsmBi and Sell
ends and a linearized p)ISRal9 with Xbal and Sall ends. The final expression veetor,
pDSRe Y human variable regionhuman constant region IgGl (hVivhCh2) (see co-
owned and co-pending T7.S. Provisional Patent Application No. 60-370407, tiled Apnl 3,
2002, “Human Anti-OPGT. Nowtrulizing Antibodies As Sclective OPGL  Pathway

10 Inhibitors™), is 6164 base patrs and contains the 7 functional rogions described in Table 9.

Table 9

Plesniid Pasg
13 PairNanten
2o 881 A transcription termination’polyadenylation signal from the u-subunit of |

the bovine pitnitary glycoprotein hormone (o-FSH) (Goodwin er «f.,

1 1983, Nucleic Acids Res. 11:6873-82; Genb:unk Accession Number |
XUy .

|882 02027 | A mouse mlndmfmatc reductase (DHFR) mmlgenu com{mnug the
endogenous wouse DIFR promoter, the cDNA ceding scancrees, and

l the DHFR transcription termination:polyadenylation signals (Gasser ex
| al., 1982, Proc. Nuil. Acad. Sci. U S, A. 79:6522-0; Nunbery ot af.,
l ] 198() Cell 19:335-04; Scizer er al., 1982, J Biol. Chem. 257:5143-7;

\IcGrog_‘m c; al., 1985, J. Biol, Chem. 260:2307-14) L
2031 to 3947 pPBRI22 sequences containing the 1mptmllm rusistance marker gene and
| the origin for replication of the plasmid in E. coli (Genbank Accession
___ Number JOI749) —— —_——
03510 1202 [ Au SV4D early prometer, enhancer and origin of seplication (Takebe er |
“al. 1988, Mol Cell Biol, 8:466-72, Genbank Accessinn Numbor |
T ) .
429910 4505 A translational enhancer element from the HTLV-1 LIR domain |
i | (Sciki et al.. 1983, Proc. Natl. dcad. Sci. U7, S. 4. 80:3618-22. Genbank
Accession Number J02029) o
‘ 457410 4730 | An infron from the SV40 16S, 195 splice donoracceplor siemals |
(Okayama und Berg, 1983. Mol. Ccll Biol. 3:2%0-9, Genbank Accession
| _ | Number J02400) B
| 4735 to 6164 | “The hVh'hCii2 heav y  chain cDNA between the Xhal and S.271 sites. The
sequence of this heavy chain fragment appears below (SEQ 1D NO: 37) l
I | with the resuriction sites underlined: |
I Xba! '
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["CCTAGA CCACCATGGA CATGAGGGTC COCGULCAGC TCLTGGGACT

CCEGCTIATTG ITGGTTGAGAG GTGCCAGATG TGAGGTCCAG

CIGGTGCAGTCIGGGGOAGG CTTGGIACAT CCTGGEGRGAT CCCTGAGACT

CTCCTGTGCAGGOTCIGGAT TCACCTTCAG TGOCCATGCT TTOGUCACTGE
- TICGCCAGGCTCCAGGAAAA GUTCTOULANLT GUOGTATCAGG TATTGOTACT
TCATGGTGGGACATACTATGE AGACTICCO TG AAGGGCOGAT TCACCATCLC
CAGAGACAATGCCAAGAACT CUITATITCT TUAAATGAAC AGCCLOAGS
CCGAGGACATGOGCTGTGTAT TACTGTACA A GAAGAAACTE

Bsp s

CCTCCACCAA GOGCCCATCGGLOITUCCTC TOGGCGCCCTG CTCCAGGAGC
ACCTCCGAGA GCACAGCUGGOCCTUOGOTGL CTGGPCAAGG ACTACT UL
CGAACCGHTG ACGGTGTCGTGGA AUTCAGG CGOTCTGACC

AGCGGOG TGO ACACCTICCC AGCTGTCCIATAGTCCTCAG GACTCLAC I
: COTCAGUAGU GTGGTGACCG TOUCCTUCAGUAACTTCGGC ACULAGALL
| " ACACCTGUAA CGTAGATCAC AAGCCCAGCAACACCAAGGT
GOGACAAGACA GTTIGAGCGCA AALCTTGYGY
CGAGTGCCCACCUTGOCCAG CACCACCTGCT GOUAGGACCG TCARICTLCC
TCEITCCCCCUAAAACCCAAG GACACCOTCA TGATCTCCCS AU CIGAL
GTCACHTLGCGTGGTGUGTUGGA CHTGAGCCAC GAAGACCCCG
AGGTCCASTL CAACTGGTACGTGOGACGUUGTGRAGGTGCA
FAATOCCAAG ACAAAGCCAC GOEGAGOAGCAGTICAACAGT

COOCAANGHAG TACAAGTINUA AGOTICICUAA
CAAAGGCCICCCAGCCOCTA TCHAGANANC CATCTCCAAA
ACCAAAGGGC AGCCCUGAGAACCACAGGTG TACACCCTGC
CCCOCATCCCH GGAGOAGA TG ACCAAGAACCAGGICAGCCT
GACCYGCCT(G GTCAAAGGCT TUTACCCCAG CGACATCGCCHTGOAGTULON
AGAGCAATGG GCAGCCGGAG AACAACTACA
AUACCACACCTCCCATGETG GACTCCGACG GCTCCTTCIT COTCTACAGC

. AA GCTCACCGTUGACAAGAG CAGOTOGUAG CAGCGGAACG
CTCTTCTCATG CTCCGUGATGCATGAGGCTC L GCACAACCA CTVAUACOCAL

;S‘{:J‘I
AAGAGCCTCT CORTRTCTOCHUG A AATGA TSAGICGAC

The linear plasmid pDSRw19:higG2Cs was prepared by  dipesting  the
pDSR19:human variable region‘human constant region [2G2 plasmid with the restriction
enzymes Xhal and BsmBI to remove the human variable region and purified using
QIAquick Gel Extraction kit. Jhe Jincar plasmid pDSRu19:hIgG2C; contaniiny the ]
bp human [g(2 constant region domain was uscd to accept hybridomna derived cll-1R

aniibody variable regions,

Constraction of the anti-JLT-RT TeG2 TTeavy Chain Expression Clone

The afL-1R1 1504 heavy chain variable region fiagment, described above, wis

Jigated into the mammalian expression vector pDSRal9higG2Cy.  The 15C4 heavy

g1

GGGACAATTT GACFACTGGGGUCAGGGAAC CCTGGTCACE GICTCLAGTG |

! ACGITCCGTG TCGTCAGCOT CCTCACCHTT GIGCACCACGACTUGUTGAN
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chain Te(i2 expression clone was DNA sequenead to contiym that it encoded the sams
heavy chain variable region peptids that was identified in the 15C4 hybridoma. The final
expression vector, pDSRua19:15C4 TyG2 heavy chain was 6161 base pairs and contains

‘hic seven functional regions described ia Teble 10.

Table 10
Piasmid Rase
210 8¥] A transeription tertnination’polyadenylzation ignal from the a-subunit or
the bovine pituitary glycoprotein hormone (0-FSH) (Goodwin ¢t al.,
1983, ANucleie Acids Res, 11:6873-82; Genbank Accession Number !
__Xthoud) -
882 (02027 | A mouse dl}wdrotn]me reductase (DHYE R) mmmcnc containing tlgl

erifozenous mouse DHER promoter, the ¢DNA coding s2ouences, and -
the DHER travscription teaninationpolyadenylation signals (Gasser e
al., 1982, Proc. Nl Acad. Sci. U 8. oA, 79:6522-6; Nunberg o7 al,,
(980, Ceil 19:355-0; Scteer e af., 1982, J Biol Chem. 25751437
I" __ McGrogan e al., 1985, /. Biol. }zmr 260:2307-14) '
031 to 3957 | pBRJZE scquences contatning the .nnpu,lllm resistance marleer z,cnc and
the origin for replication of the plasmid in £. coli {Genbank Accession I
o Nunther JO17 _42) o
3949 to 4292 l An SVAD e arly promoter, enhancer and onum of rnphcatwn (] akehe er |
al., 1988, Mol Ccll Binl 8:4606-72, (muo ik Accession Number

Tf}”4(‘f1)
4209 m(ﬁ A translational enhaneer element from the HTLV-1 LTR domain —|
{Seiki et al., 1983, Proc. Natl. dcad. Sci, 11 8. A, 80:3618-22, Genbunk
_Accession Number 102029) |
4 457410 4730 AR intron from the SV40 168, 195 splice dnnornucpror sizmals
l (Okayama and Berg, 1983, Mol. Cell Biol. 3:280-9, Genbank Accession
- \“’“b“”“"mgL__ e
A735 10 6101 ; The 15C4 heavy chain, I;_.rC cDNA between the Abal and Sail _su_c_s

Construction of pPSR19:hleGaCy

A pDSRal12:kiman vaneble regionshuman constant region IgG4 (hVh/h(h4)
MAb expression plasmid was constructed as the result of a three-picee ligation of Xbal
and BsmBI terminated human antibody variable region PCR product, o gel isolated
BsmBI and SalT digested human 1G4 constant region (Cqyy, hinge, Cyz and Cys domauns)
fragment and & linearized pDSR219 with Xeal and So/l ends. The final expression vector,

pDSRt9hwman verisble region human constunt region IgGd (WWHBCh4) (see co-
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owned and co-pending U.S. Provisional Patent Application No. 60/370,407, filed April 5,
2002, “Human Anti-OPGL Neutralizing Antibodies As Selective OPGI, Pathway
Inhibitors™), is 6167 base pairs and contains the 7 functional regions described in Table

11,

Pair Number:

Table 11

2 to 881

!

A transcription termination/polyadenylation signal from the aw-subunit of
the bovine pituitary glycoprotein hormone (a-FSH) (Goodwin et al,, ‘
1983, Nucleic Acids Res. 11:6873-82; Genbank Accession Number |
X00004)

882 to 2027

A mouse dihydrofolate reductase (DHFR) minigene confaining the
endogenous mouse DHFR promoter, the cDNA coding sequences, and %
the DHFR transcription termination/polyadenylation signals (Gasser ef |
al., 1982, Proc. Nail. Acad. Sci. U. S. A. 79:6522-6; Nunberg et al.,
1980, Cell 19:355-64; Setzer et al., 1982, J. Biol. Chem. 257:5143-7,
MoGrogen ef al., 1985, J. Biol. Chem. 260:2307-14)

2031 to 3947

pBR322 sequences containing the ampicillin resistance marker gene and
the origin for replication of the plasmid in E. coli (Genbank Accession
Number J01749)

E 3949 1o 4292

An SV40 early promoter, enhancer and origin of replication (Takebe et |
al., 1988, Mol Cell Biol. 8:466-72, Genbank Accession Number
J02400)

| 4299 {0 4565

A transiational enhancer element from the HTLV-1 LTR domain
(Seiki et al., 1983, Proc. Natl. Acad. Sci. U. §. 4. 80:3618-22, Genbank
Accession Number J02029)

| 4574 to 4730

An intron from the SV40 168, 19S splice donorfacceptor signals |
(Okayama and Berg, 1983, Mol. Cell Biol, 3:280-9, Genbank Accession
Number J02400)

4755 10 6167

The hVh/hCh4 heavy chain ¢cDNA between the Xbal and Sall sites, The
sequence of this heavy chain fragment appears below (SEQ ID NO:58)
with the restriction sites underlined:

Xbal -

TCT AGACCACCAT GGACATGAGG GTCCCCGCTC AGCTCCTGGG
GCTCCTGCTA TTGTGGTTGA GAGGTGCCAG ATGTGAGGTC
| CAGCTGGTGCAGTCTGGGGG AGGCTTGGTA CATCCIGGGG

' GGTCCCTGAG ACICTCCTGTGCAGGCTCTG GATTCACCTT CAGTGGCCAT
GCTTTGCACT GGGTTCGCCAGGCTCCAGGA AAAGGTCTGG AGTGGGTATC
AGGTATTGGT ACTCATGGTGGGACATACTA TGCAGACTCC GTGAAGGGCC
GATTCACCAT CICCAGAGACAATGCCAAGA ACTCCTTGTT TCTTCAAATG

AACAGCCTGA GCGCCBAGGACATGGCTGTG TATTACTGTA
CAAGAAGAAA CIGGGGACAA TTTGACTACIGGGGCCAGGG

BsmB1
| AACCCTGGTC ACCGTCTCTA GTGCCAGCAC CAAGGGGCCATCCAGTCTICC
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CCCTGGCECC CTGCTCCAGG AGCACCTCCG

AGAGCACAGCCGCCCTGGGC TGCCTGATCA AGGACTACIT
CCCCGAACCG GTGACGGTGTCGTGGAACTC AGGCGCCCTG
ACCAGCGGOG TGCACACCTT CCCGGCTGTCCTACAGTCCT CAGGACTCTA
CTCCCTCAGC AGCGTGGTGA CCGTGCCCTCCAGCAGCTTG GGCACGAAGA
CCTACACCTG CAACGTAGAT CACAAGCCCAGCAACACCAA
GGTGGACAAG AGAGTTGAGT CCAAATATGG TCCCCCATGCCCATCATGCC
CAGCACCTGA GTTCCTGAGG GGACCATCAG TCTTCCTGTTCCCCCCAAAA
CCCAAGGACA CTCTCATGAT CTCCCGGACC CCTGAGGTCACGTGCGTGGT
GGTGGACGTG AGCCAGGAAG ACCCCGAGGT
CCAGTTCAACTGGTACGTGG ATGGCGTGGA GGTGCATAAT
GCCAAGACAA AGCCGCGGGAGGAGCAGTTC AACAGCACGT
ACCGTGTGGT CAGCGTCCTC ACCGTCCIGCACCAGGACTG GCTGAACGGC
AAGGAGTACA AGTGCAAGGT CTCCAACAAAGGCCTCCCGT
CCTCCATCGA GAAAACCATC TCCAAAGCCA
AAGGGCAGCCCCGAGAGCCA CAGGTAGTACA CCCTGCCCCC
ATCCCAGGAG GAGATGACCAAGAACCAGGT CAGCCTGACC
TGCCTGGTCA AAGGCTICTA CCCCAGCGACATCGCCGTGG
AGTGGGAGAG CAATGGGCAG CCGGAGAACA
ACTACAAGACCACGCCTCCC GTGCTGGACT CCGACGGCTC CTTCTTCCTC
TACAGCAGGCTAACCGTGGA CAAGAGCAGG TGGCAGGAGG
GGAATGTCTT CTCATGCTCCGTGATGCATG AGGCTCTGCA CAACCACTAC

Sall
ACACAGAAGA GCCTCTCOCTGICTCTGGGT AAATGATAAG TCGAG |

The linear plasmid pDSRa19:higG4Cy was prepared by digesting the
pDSR19:human variable region/human constant region IgG4 plasmid with the restriction
enzymes Xhal and BsmBI to remove the human variable region and purified using a

5 QlAquick Gel Extraction kit. The linear plasmid pDSRa19:hIgG4Cy containing the 1
kbp buman TgG4 constant region domain was used to accept hybridoma derived all-1R

antibody variable regions.
Construction of the anti-II,1-RI IgG4Heavy Chain Expression Clone

10
The all-1R1 15C4 heavy chain variable region fragment, described above, was
ligated into the mammalian expression vector pDSRat19:hIgG4Cy. The 15C4 heavy
chain TgG4 expression clone was DNA sequenced to confirm that it encoded the same
heavy chain variable region peptide that was identified in the 15C4 hybridoma. The final
15 expression vector, pDSR.19:15C4 IgG4 heavy chain was 6164 base pairs and contains
the seven fimctional regions described in Table 12.

Table 12
20
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Plasmid Base
2 to 881 A transcription termination/polyadenylation signal from the o-subunit of |

the bovine pituitary glycoprotein hormone (o-FSH) (Goodwin et al., |
1983, Nucleic Acids Res. 11:6873-82; Genbank Accession Number !
X00004) ) '
882102027 | A mouse dihydrofolate reductese (DHFR) minigene containing the
endogenous mouse DHFR promoter, the cDNA coding sequences, and
the DHFR transcription termination/polyadenylation signals (Gasser et
‘ al., 1982, Proc. Natl, Acad. Sci. U. 8. A, 79:6522-6; Nunberg et al.,
| 1980, Cell 19:355-64; Setzer et al., 1982, J. Biol. Chem. 257:5143-7, |
. McGrogan et al,, 1985, J. Biol. Chem. 260:2307-14)

2031 10 3947 | pBR322 sequences containing the ampicillin resistance marker gene and
the origin for replication of the plasmid in E. coli (Genbank Accession
- Number J01749) N )

3549 t0 4292 | An SV40 early promoter, enhancer and origin of replication (Takebe e
al., 1988, Mol. Cell Biol. 8:466-72, Genbank * Accession Number
J02400)

4299 10 4565 | A translational enhancer element from the HTLV-1 LTR domain

(Seiki et al., 1983, Proc. Natl. Acad. Sci. U. §. A. 80:3618-22, Genbank
. Accession Number J02029)

457410 4730 | An intron from the SV40 168, 19S splice donor/acceptor signals
! (Okayama and Berg, 1983. Mol. Cell Biol. 3:280-9, Genbank Accession
Number J02400)

4755 to 6164 | The 15C4 heavy chain Ig(G4 cDNA between the Xhal and Sall sites

Recombinant anti-IL-1R1 antibodies are generated in Chinese hamster ovary cells,

specifically CHO AM-1/D, as disclosed in U.S. Patent No. 6,210,924 (incorporated by

10 reference). Briefly, the DNA sequences encoding the complete heavy or light chains of
gach anti-IL-1R1 antibody of the invention are cloned into expression vectors. CHO AM-

1/D cells are co-transfected with an expression vector capable of expressing a complete
heavy chein and an expression vector expressing the compleie light chain of the
appropriate anti-IL-1R1 antibody. For example, to generate the 26F5 antibody, cells are

15  co-transfected with a vector capable of expressing a complete light chain comprising the
amino acid sequence as set forth in SEQ 1D NO:38 and a vector capable of expressing a
complete heavy chain comprising the amino acid sequence set forth in SEQ ID NO: 20,

SEQ ID NO: 22, or SEQ ID NO: 24, To generate the 27F2 antibedy, cells are co-
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wrunsfected with a vector capable of expressing a cowplete light chain comprising the
amino acid sequence as set forth in SEQ ID NO: 38 and a vector capable of eXpressing a
complete heavy chain comprising the amino acid sequence set forth in SEQ 1> NO: 26,
SEQ ID NO: 28, or SEQ ID NO: 3. To gencrate the 15C4 antibady, celix are co-

travstected with a vector capable of cxpressing a complate light chain comprising the

L]

amino acid sequance as set forth in SEQ 1D NO: 40 and a vector capable of exprussing a
complete heavy chuin comprising the amino acid sequence set forth in SEQ 1D NO: 32,
SEQ 1D NO: 34, or SEQ ID NO: 36, Tuble 13 summarizes the complete hauvy and
complete light chains for the various 1L-1R1 antibodies. The designation “../lgG__"

10 describes the sequence ol the comstant region for the particular antibody.

Table 13

¥ | Heavy Chainr Variuble Region |

Antiibody + Complete Heavy Chain
L. . _ Heavy Chain Constunt Region ]

ff:f:]:;‘mt) | SEQ D NO: 0 SIQIDNox 1 l SHQID 0.1
m?g‘lﬁ | SEQIDNO: 104 SEQIDNO: 2 | SEQTD NO: 20
Iﬁ?};ﬁf‘?ﬁ SQID NO: 9 - SEQ _”i NO: § i SFQID NO: 21
;&zz@?@-... SLQIDNO: 10 £ SRQINNO: 6 | SLQ mNo22
f}f’::ﬁﬁ‘il‘, _SEQ 1D NO: 91 Q1D NO .:l SEQ D NO: 23

fﬁ'ﬁ:{'ﬁf‘n | im0 16+ SEQ IDNO: § | SHQ ID NO: 24 |
: ?:(lfle I'il(ifllﬂ__ HI_%Fom NO: 12 $EQIDNO: 1 | s1g. NS
I‘T;f:l‘;fj—:cid) | SEQIDNO: 14+ SLQID -2 | SHQ ™ r\o_;ts_ﬂ _{
]al‘w’]f:t‘:i)_ SPQIDNO: 134 SFQIDNO: <_| SEQ ID jo: w !
[jai:zngﬁ & | SEQIDNO:14:SEQIDNO:6 | SEQIDNO: 28 _l
i;j&‘l’il_ SEQID NU: 12 - SEQID NO: ¢ | STOID A :9—#]

sy

:{%{%@;ﬂ o SEO!DI\O 144+ SEQINNO: 8§ —I— M l
| fuctecute) | SEQID NO: 15 }SEQIDNO: 1 SL@E’_ 11_“_
| lcf_t_ﬁlﬁf;:g]_ : SLQ D NO: 161 SEQID N0: 2 | SEQ 1D Ney: 3 ,

(clocate) _: SFQ TDNO: 15 + SLQ mNo:s | SKQID N0 32 ﬂ_‘{
lgﬁ_"fﬁl | SDOWNO: 16+ SEQIDNO: 6 | SEQ 1D NO: 3 ‘

S e e . . e w0
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15C4T3G4 P .
oraeleatide) SEQ IDNO: 15+ SEQIDNO: 7 * SEQ ID NO: 35
. 13CH1gGe

: ‘ T .Tlmht“(lhain Variable Region_ '
- Antibody + Complete Light Chain

- Light Chain Constant Region ]
26K¥5/2712 SN ID NO: 11 +SEQID NO: 3 | SEQ ID NO: 37
{mucleotide) _ ' i i 22
26F5/27F2 e e e ‘

- SE NO: 12+ SE 14 Sl NO: 3

| (omine acld) SEQIDNO: 12:+SEQIDNO: 4 ; SHQTD NO: 38

©15C4 - 3= o i 3 | on )

(auleonde) | SEQUINO: 17+ SEQIDNG: 3 | SEQID NO: 39

q q,
154 | SEQ M NO: 15 + SEQ ID NO: 4 SEQID NO: 40

_{aming acid)

Stable expression of anii-TL-1R1 anithodies i5 achieved by co-transfecling
dihvdrofolate reductase delicient (DHFR™) CHO AM-1D cells with the expression
veetors, Transfections are carried out using standard technigues (calcium. phosphate co-
precipitation) and DHFR selection.  Transfected colonics are isolated and grown to
confluence in 24-well plates.  Antibodies produced by transfected cells arc examined for
appropriate folding and neutralizing activity, Clones overproducing appropriaiely folded
anti-1L-1R1 antibodies of the IgGl, 1gG2, and IgG4 isolypes ars selected and anlibodies

arc purified as described below.

Example 8
Production of anti-IL-1R1 Antibody

Anti-0_-1R1 antibodies are produced by expression iu a clonal line of CHO cells,
Tor each production ran, cells from a single vial ave thawed into serum-free cell culture
media.  The cells are grown initially in a T-flask and cre serially expanded through a
serics of spinner flasks uniil sclficient inoculum has been generated to sced a 20L
biorcactor. ollowing growih for 3-10 days, the cuiture is then used to inoculate 4 300L
bioreactor. Following growth for an additional 5-10 days, the culture is used to inoculate
a 2000L bioreactor. Production is carried out in a 20001 bioreactor using 4 fed bateh
culture, in which a nuirient feed containing concentrated media components is added o

maintsin ccll growih and culwure viability. Production asts for approximately two woeks
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during which time anti-lIL1-R1 antibody 1s couslitutively produced by the cells and
secreted into the cell culture medium.
The production reactor is conrolled at set pli, temperature, and dissolved oxygen

level: pH is controlled by catbon dioxide gas and sodium carbonale addition: dissolved

N

oxygen is conirolled by air, niiroger, and oxygen gas fiows.

At the end of production, the cell brath is fed into a disk stack centrifuge and the
culture supematant is scparated from the cells. The concentrate is further clarified
thirough a depth filter followed by a 0.2 pm filier. The clariiied conditioned media is then
conceniraied by tangential flow ulirafilirution. The conditioned media 1s concentrated 15-

10 1o 30- fold. The resuling concentrated conditioped nedium is then either processed

through purification or frozen for purification at a later date.

Example 9

Epitope Mapping Using Avidin-Fusion Proteins

13 To generate avidin-fusion proteins, ¢DNA encoding chicken avidin (with
cndogenous sighal sequence) was joined with the 57 end of cDNAs encoding the mature
cxtracellular domatus of humaun- or cynomolgus IL-1R] fused to a FLAG-tag sequence at
the 3> end. The FLAG-tagged fusion genes were assembled in a pAT TERMAX vector
using conveniional molecular techmiques. The amino actd sequence of the avidin-tuman

20 IL-1R! fusion protein is shown in Pigure 23 (SEQ ID NO: 59). The amino acid sequence
of the avidin-cynomolgus 1L-1R1 fusion protein is shown. in Figure 24 (SEQ 1D NO: 60).
A panel of muiant avidin-cynolL~-1RI-FLAG proteins in which human amino acids were
substituted for the corresponding cynomolgus residues was generated using the Altered

Sites II Manumalian In Vitro Mutagenesis Sysiem (Promega Corp.). 'The mutations are

™~
)

illustrated in Figui'e 24,

Plasmids encoding the avidin-cynoIL-1R muiant and wild-type proteins ag well as
the avidin-hulL-1RT-ILAG protein were wransionily wansfected into 293T cells using
Cytofectine transiection reagent (Bio-Rad Laboratories, Inc.). Mock fransfectants were
used as negative controls. Anti-hull-1RT monoclonal antibody (MAb) binding to these

30 proieins was evaluated by Western blot and bead-based binding assavs vsing conditioned
medium (CM) harvosted from the (ransfected cells.
R
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For Western olot analysis, CM was diluted 1:3 in non-redacing SDS sample
buffer, boiled for 5-10 minutes and loaded onto 10% Tris-g¢lycine gels. Following SDS-
PAGF and Western transfer, the membranes were blocked with 395BSA1% ovalbumin in
PBSN. 1% Tween-20 (PBST) and stained with anti-hul_-1RT MAbs. A poat anti-human
1gG-Fe-HRP antibody (Pierce Chemical Co.) dituted 1: 15,000 in PBST was used for
secondary detection.  Anti-FLAG detection was used to normalize tor prowin loading.
Imaga capture and densitometry were performed using a FluorChem 8000 digiral imaging
system (Alpha funofech: Carp ). The sigmal intensitics Jor the anti-hulL- IRI MAbs were
normalized against the values for the anli-FLAG antibody to account lur vartaton m
protcin loading. Autibody birding was expressed as w percentage of binding 1w the
avidin-human IL-1R1-FLAG,

The results of the Western blot are shown in 1iaure 25A. Cigure 258 shows the
densitometric analvsis of a doplicate sat of Western blot experiments, Thman tasiducs
critical for antibody hinding are those {hat restore signal when substituted into cvnoell -
IRL. In general, mutations 1 and 2 (llustrated in Figure 24), alone or in combination,
restored binding to many ol the antibodics (15C41¢(32, SB&, 12, 24H2, 16EY, 26F4 and
20(31) while mutations 10.1 and 10.2 did not. None of these antibodics bound o wild-
tvpe cynolL-IRI. Two anitbodics (272 and 19C'S) baumnd consistently to 2li the mutant
profeins as well as we wild-type cynoll-1RT. This sugpested that cpitope 4 (residues
Y279-V281 of cynell -1RY), identified in the rathuman paraloy proteins @1 d uncharged
in cynomolgus 1L- LRI, was the dominunt epitope for these antihadies. Tpitope + 2 bold,

itaicized, and underlined in the amino acid sequence shown in Figure 24,

In the muitiplexed bead-based binding assays, avidin fusion prowins were
captured by incehation of the €M with biotin-coated fluorescent beads. one bead set per
fusion protein (Beadlyvte Multi-Biotin 10plex Beud Kit: Upstate Biotechmologies), Tae
peads were washed and pooleé in PBST and aliquoted to the wells of a %6-well filter
hottom plate (Millipore Corp.). Antivodies (anti-hulb-1RI MADs or anti-FLAG MAD)
were added at 25 pg/m) and incubated for 1 hour. ‘The beads were again washed and a
mixture of Phycoorvilhirin-conjugated mmi-mouse IpG antivody and anti-human Ie6
{Fab')2 was used 1o detect antibody binding.  Aster a 1 howr incubation, the beads were
washed and resaspended in PBST. Mean fluarescence intensitivs (AT were measured

using a Luminex 100 (Luminex Cotp). The data were nomalized using the MTT valuss
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for anfi-FLAG MAD binding fo account for variztion in protein loading, Aantibody
hinding was expressed as a percentage of binding 10 the avidin-hulT.-1R1-FLAG (Figure
20). ‘T'he binding pattern of the anti-TL-1R1 antibodies to the avidin-cynoILIR1-FLAG
proteins rutated with human residues as well as to wild-iype cynomolgus and human JJ.-

IR1 proteins was consistent with the immunoblot analysis shown in Tigure 25.

1t should be understood that the forcgoing disclosure emphasizes certain specific
crnbodiments of the invention and that all modifications or altematives equivalent thercto

are within the spirit and scope of the mvention &s set forth in the appended claims.
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We claim:

1.
wherein

2,

binding

4.

binding

An isolated human antibody that specifically binds interleukin-1 receptor type 1 (IL-1R1),
the antibody comprises:

a. a heavy chain having a heavy chain variable region comprising an amino acid
sequence as set forth in SEQ ID NO: 10, or an antigen-binding fragment thereof
comprising at least SEQ ID NOs: 61, 64 and 67; and a light chain having a light
chain variable region comprising an amino acid sequence as set forth in SEQ ID
NO: 12, or an antigen-binding fragment thereof comprising at least SEQ ID NOs:
70,72 and 74; or

b a heavy chain having a heavy chain variable region comprising an amino acid
sequence as set forth in SEQ ID NO: 14, or an antigen-binding fragment thereof
comprising at least SEQ 1D NOs: 62, 65 and 68; and a light chain having a light
chain variable region comprising an amino acid sequence as set forth in SEQ ID
NO: 12, or an antigen-binding fragment thereof comprising at least SEQ ID NQOs:

70,72 and 74; or

¢. a heavy chain having a heavy chain variable region comprising an amino acid
sequence as set forth in SEQ ID NO; 18, or an antigen-binding fragment thereof
comprising at least at least SEQ ID NOs: 63, 66, and 69; and a light chain having
a light chain variable region comprising an amino acid sequence as set forth in
SEQ ID NO: 18, an antigen-binding fragment thereof comprising at least at least

SEQID NOs: 71, 73, and 75.

The antibody of claim 1, wherein the heavy chain comprises a heavy chain variable
region having an amino acid sequence as set forth in SEQ 1D NO: 10, or an antigen-

fragment thereof comprising at least SEQ ID NOs: 61,64 and 67; and the fight chain
comprises a light chain variable region having an amino acid sequence as set forth in
SEQ ID NO: 12, or an antigen-binding fragment thereof comprising at least SEQ ID NOs:
70, 72 and 74.

The antibody of claim 2, wherein the heavy chain variable region comprises an amino
acid sequence that has at least 80% sequence identity to the amino acid sequence set
forth in SEQ ID NO: 10, and wherein the light chain variable region comprises an amino
acid sequence that has at least 90% sequence identity to the amino acid sequence as set
farth in. SEQ ID NO: 12, and wherein the antibody specifically binds to an interleukin-1

receptor type 1 (IL-1R1).

The antibody of claim 1, wherein the heavy chain comprises a heavy chain variable
region having an amino acid sequence as set forth in SEQ 1D NO: 14, or an antigen-

fragment thereof comprising at least SEQ ID NOs; 62,65 and 68; and the light chain
comprises a light chain variable region having an amino acid sequence as set forth in
SEQ ID NO: 12, or an antigen-binding fragment thereof comprising at least SEQ ID NOs:
70, 72 and 74. '

The antibody of claim 4, wherein the heavy chain variable region comprises an amino
acid sequence that has at least 90% sequence identity to the.amino acid sequence as
set  forth in SEQ ID NO: 14, and wherein the light chain variable region comprises an




amino acid sequence that has at least 90% sequence identity to the amino acid
sequence as set forth in SEQ ID NO: 12, wherein the antibody specifically binds to an
interleukin-1 receptor type 1 (IL-1R1).

B. The antibody of claim 1, wherein the heavy chain comprises a heavy chain variable
region having an amino acid sequence as set forth-in SEQ-iD NO: 16, or an antigen-
binding '
fragment thereof comprising at least at least SEQ ID NOs: 63, 66, and 69; and the light

chain
comprises a light chain variable region having an amino acid sequence as set forth in
SEQ ID NO: 18, or an antigen-binding fragment thereof comprising at least at least SEQ
ID NOs: 71, 73, and 75.

7. The antibody of claim 8, wherein the heavy chain variable region comprises an amino
acid sequence that has at least 90% sequence identity to the amino acid sequence as
set  forth in SEQ ID NO: 16, and wherein the light chain variable region comprises an
amino acid sequence that has at least 90% seguence identity to the amino acid
sequence as set forth in SEQ ID NO: 18, wherein the antibody specifically binds to an
interleukin-1 receptor type 1 (IL-1R1).

8. The antibody of claim 1, wherein the heavy chain and light chain are connected by a
flexible linker to form a single-chain antibody.

9. The antibody of claim 1, which is a single-chain Fv antibody.

10. The antibody of claim 1, which is a Fab antibody fragment.

11. The antibody of claim 1, which is Fab' antibody fragment,

12. The antibody of claim 1, which is a (Fab')2 antibody fragment.

13. The antibedy of claim 1, wherein the antibody is a fully human antibody.

14. The antibody of any one of claims 1-5, wherein the antibody inhibits binding of IL-1 to
its receptor.

15. The antibody of claim 14 for use in the treatment of an IL-1 mediated disease in a
mammal (including humans).

16. A pharmaceutical composition comprising a pharmaceutically acceptable carrier and a
therapeutically effective amount of the antibody of claim 14.

17. The pharmaceutical composition of claim 16 for use in the treatment of an IL-1 mediated
disease in a mammal (including hurnans).

18. The antibody of claim 1, which is an IgG2 antibody.
18. The antibody of claim 1, which binds specifically to the polypeptide of SEQ ID NO: 76.

20. The antibody of claim 1, which binds specifically to an epitope comprising the sequence
delineated by residues Y279 to V281 of SEQ ID NO: 76.

21, An isolated antibody or an antigen binding fragment thereof, that specifically binds



human interleukin-1 receptor type 1 (IL-1R1), wherein the antibody comprises a heavy

chain
variable region comprising SEQ 1D NO: 16, or the antigen binding fragment thereof, and
a light chain variable region comprising SEQ ID NO: 18, or the antigen binding fragment
thereof, wherein the antigen binding fragment of the heavy chain variable region
comprises an N-terminal or C-terminal deletion of SEQ ID NO: 16 wherein the antigen
binding fragment of the heavy chain variable region comprises at least SEQ ID NO: 63,
SEQ ID NQ:66, and SEQ ID NO: 69 and the antigen binding fragment of the light chain
variable region comprises an N-terminal or C-terminal deletion of SEQ 1D NO: 18 wherein
the antigen binding fragment of the fight chain variable region comprises at least SEQ ID
NO: 71, SEQ ID NO: 73, and SEQ ID NO: 75.
22, The antigen binding fragment of claim 21, wherein the heavy chain and light chain of the
antigen binding fragment are connected by a flexible linker to form a single-chain
antibody.
23, The antigen binding fragment of claim 22, which is a single-chain Fv antibody.
24. The antigen binding fragment of claim 21, which is a Fab antibody fragment.
25. The antigen binding fragment of claim 21, which is Fab' antibody fragment.
26. The antigen binding fragment of claim 21, which is a (Fab'), antibody fragment.
27. The antibody or antigen binding fragment thereof, of a claim 21, which is a fully human
antibody or antigen binding fragment.
28. The antibody or antigen binding fragment thereof, of claim 21, wherein the antibody, or
antigen binding fragment thereof, inhibits binding of IL-1 to human IL-1R1 receptor.
29, An isolated antibody that specifically binds human interleukin-1 receptor type 1 (IL-1R1)
comprising:
a. human heavy chain framework regions, a human heavy chain CDR1 region
comprising SEQ 1D NO: 63, a human heavy chain CDR2 region comprising SEQ
ID NO: 66, and a human heavy chain CDR3 region comprising SEQ 1D NO: 69;
and
b. human light chain framework regions, a human light chain CDR1 region
comprising SEQ |D NO: 71, a human light chain CDR2 region comprising SEQ
ID NO: 73, and a human light chain CDR3 region comprising SEQ ID NO: 75.
30. A composition comprising a pharmaceutically acceptable carrier, excipient or diluent,
and the antibody or antigen binding fragment thereof of anyone of claims 21-29.
31. A pharmaceutical composition comprising a pharmaceutically acceptable carrier,
excipient or diluent and a therapeutically effective amount of the antibody or antigen
binding
fragment thereof of any one of claims 21-28.
32. An isolated antibody or antigen binding fragment thereof that specifically binds human
interleukin-1 receptor type 1 (IL-1R1), wherein the antibody comprises a heavy chain
variable

region comprising the amino acid sequence of SEQ ID NO: 80 or the antigen binding
fragment thereof and a light chain variable region comprising the amino acid sequence of
SEQ ID NO: 81 or the antigen binding fragment thereof, wherein the antigen-binding



33.

34.

35.
36.

37.

38.

39.

40.

41,

42,

43.

44,

45.

binding

48,

fragment of the heavy chain variable region comprises an N-terminal or C-terminal
deletion of SEQ ID NO: 80 wherein the antigen binding fragment comprises at least SEQ
ID NO: 83, SEQ ID NO:66, and SEQ ID NO: 69, and the antigen binding fragment of the
light chain variable region comprises an N-terminal or C-terminal deletion of SEQ ID NO:
81 wherein the antigen binding fragment comprises at least SEQ 1D NO: 71, SEQ ID NO;
73, and SEQ ID NO: 75.

An isolated antibody that specifically binds human interleukin-1 receptor type 1 (I.-1R1),
wherein the antibody comprises a heavy chain variable region comprising SEQ 1D NO:80,

and a light chain variable region comprising SEQ ID NO: 81.

The antigen binding fragment of any of claims 29 and 32-33, wherein the heavy chain
and light chain are connected by a flexible linker to form a single-chain antibody.

The antigen binding fragment of claim 34, which is a single-chain Fv antibody.

The antigen binding fragment of any of claims 29 and 32-33, which is a Fab antibody
fragment.

The antigen binding fragment of any of claims 29 and 32-33, which is Fab' antibody
fragment.

The antigen binding fragment of any of claims 29 and 32-33, which Is a (Fab’), antibody
fragment.

The antibody or antigen binding fragment thereof of any of claims 29 and 32-33, which is
a fully human antibody or antigen binding fragment.

The antibody or antigen binding fragment thereof of any of claims 29 and 32-33, wherein
the antibody, or antigen binding fragment thereof, inhibits binding of IL~1 to human IL-1R1
receptor,

The antibody or antigen binding fragment thereof of any of claims 29 and 32-33, which is
an 1gG2 antibody.

The antibody or antigen binding fragment thereof of any of claims 28 and 32-33, which
binds specifically to the amino acid sequence of SEQ ID NO: 76.

The antibody or antigen binding fragment thereof of any of claims 29 and 32-33, wherein
the antibody or antigen binding fragment thereof binds specifically to a portion of the
amino acid sequence of human IL-1R1, wherein the portion of the amino acid sequence
to which the

antibody specifically binds comprises the amino acid sequence YSV.

A composition comprising a pharmaceutically acceptable carrier, excipient or diluent, and
the antibody or antigen binding fragment thereof of any of claims 29 and 32-33.

A pharmaceutical composition comprising a pharmaceutically acceptable carrier,
excipient or diluent and a therapeutically effective amount of the antibody or antigen

fragment thereof of any of claims 29 and 32-33.

An isolated nucleic acid molecule comprising



47.

48.

49,

(a) a nucleotide sequence of SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 13, SEQ
ID NO: 15, SEQ ID NO: 19, SEQ ID NO: 21, SEQ [D NO: 23, SEQ ID NO: 25,
SEQ 1D NO: 27, SEQ ID NO: 29, SEQ ID NO: 31, SEQ ID NO: 33, SEQ ID NO:
35,SEQ ID NO: 37, SEQ 1D NO: 85, SEQ ID NO: 86, SEQ ID NO: 87,SEQ ID

NO: 88, or SEQ ID NO: 89, or a fragment or variant thereof;

(b) a nucleotide sequence that encodes an amino acid sequence, or an interleukin-1
receptor type 1 (IL-1R1) binding fragment thereof, of SEQ ID NO: 10, SEQ ID

NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 20, SEQ ID NO: 22,

SEQ ID NO: 24, SEQ ID NO: 26, SEQ ID NO: 28, SEQ ID NO: 30, SEQ ID NO: 32, SEQ
ID NO: 34, SEQID NOC: 36, SEQ ID NO: 38, SEQ ID NO: 80, SEQ 1D NO: 81, SEQ ID
NO: 82, SEQ ID NO: 83, or SEQ ID NO: 84;

{c) a nuclectide sequence that hybridizes under highly stringent conditions to the
complement of the nucleotide sequence of either (a) or (b), wherein the nucleotide
sequence encodes a polypeptide that binds to interleukin-1 receptor type 1 (IL-1R1);0r

{d) a nucleotide sequence complementary to the nucleotide sequence of any of (a)-(c).
An isolated nucleic acid molecule comprising
(a) a nucleotide sequence of SEQ ID NO: 17, SEQ ID NO: 39, or SEQ ID NO: 86;

(b) a nucleotide sequence that encodes an amino acid sequence, or an interleukin-1
receptor type 1 (IL-1R1) binding fragment thereof, of SEQ 1D NO: 18, SEQ ID

NO: 40, or SEQ ID NO: 81; or

(c) a nucleotide sequence complementary to the nucleotide sequence of any of (a) or (b).

The isolated nucleic acid molecule of claim 48, wherein the nucleic acid molecule
comprises a fragment of SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 13, SEQ ID NO:
15, SEQID NO: 19, SEQ ID NO: 21, SEQ [D NO: 23, SEQ ID NO: 25, SEQ ID NO:; 27,
SEQ ID NO: 29, SEQ ID NO: 31, SEQ 1D NO: 33, SEQ ID NQ: 35, SEQ ID NO: 37, SEQ
ID NO: 85, SEQ ID NO: 87, SEQ |ID NO: 88, or SEQ ID NO: 89, wherein the fragment
encades an amino acid sequence comprising at least a human interleukin-1 receptor type
1 (IL-1R1) binding fragment of an antibody light chain or heavy chain variable region.

An isolated nucleic acid molecule comprising

(a) a nucleotide sequence that encodes an amino acid sequence of SEQ ID NO: 10,
SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 20, SEQ ID NCO:
22, SEQ ID NO: 24, SEQ ID NO: 26, SEQ ID NO: 28, SEQ ID NO: 30, SEQ ID
NO: 32, SEQ ID NO: 34, SEQ ID NO: 36, SEQ ID NO: 38, SEQ ID NO:; 80,
SEQ ID NO: 82, SEQ ID NO: 83, or SEQ ID NO: 84 with at least one
conservative amino acid substitution, wherein the amino acid sequence
binds to interleukin-1 receptor type 1 (IL-1R1);

(b} a nucleotide sequence that encodes an amino acid sequence of SEQ ID NO: 10,
SEQ D NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 20, SEQ ID NO:
22, SEQ ID NO: 24, SEQ ID NO: 26, SEQ ID NO: 28, SEQ ID NQ: 30, SEQID
NO: 32, SEQ ID NO: 34, SEQ ID NO: 36, SEQ ID NO: 38, SEQ ID NO: 80,



0.

51.

52.

(c)

(d)

(e)

(f)

(@)

SEQ ID NO: 82, SEQ ID NO: 83, or SEQ ID NO: 84 with at least one amino acid
insertion, wherein the amino acid sequence binds to interleukin-1 receptor type 1
(IL-1R1);

a nucleotide sequence that encodes an amino acid sequence of SEQ ID NO: 10,
SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NOQ: 16, SEQ ID NO: 20, SEQ ID NO:
22, SEQID NO: 24, SEQ 1D NO: 26, SEQ D NO: 28, SEQ ID NO: 30,

NO: 32, SEQ D NO: 34, SEQ ID NO: 36, SEQ 1D NO: 38, SEQ ID NO: 80,

SEQ ID NO: 82, SEQ ID NO; 83, or SEQ ID NO: 84 with at least one amino acid
deletion, wherein the amino acid sequence binds to interleukin-1 receptor type 1
(IL-1R1)

a nucleotide sequence that encodes an amino acid sequence of SEQ ID NO: 10,
SEQ 1D NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 20, SEQ ID NO:
22, SEQID NO: 24, SEQ ID NO: 26, SEQ ID NO: 28, SEQ ID NO: 30, SEQ ID
NO: 32, SEQ ID NO: 34, SEQ ID NO: 36, SEQ ID NO: 38, SEQ ID NO: 80, SEQ
ID NO:; 82, SEQ ID NO: 83, or SEQ D NO: 84 wherein the amino acid

sequence is truncated at the N-terminal end or C-terminal end, or both, wherein
the amino acid sequence binds to interleukin-1 receptor type 1 (IL-1R1);

a nucleotide sequence of any of (a)-(d) comprising a fragment of at least about
16 nucleotides;

a nucleotide sequence that hybridizes under at highly stringent conditions to the
complement of the nucleotide sequence of either (a)~(d), wherein the encoded
polypeptide has interleukin-1 receptor type 1 (IL-1R1) binding activity;

a nucleotide sequence complementary to the nucleotide sequence of any of (a)-

(e).

An isolated nucleic acid molecule comprising

(@)

(b)

(e)

a nucleotide sequence that encodes an amino acid sequence of SEQ ID NO: 18,
SEQ ID NO: 40, or SEQ ID NO: 81 with at least one amino acid insertion,
wherein the amino acid sequence binds to interleukin-1 receptor type 1 (IL-1R1);
a nucleotide sequence that encodes an amino acid sequence of SEQ ID NO: 18,
SEQ ID NO: 40, or SEQ ID NO: 81 with at least one amino acid deletion, wherein
the amino acid sequence binds to interleukin-1 receptor type 1 (IL-1R1);

a nucleotide sequence that encodes an amino acid sequence of SEQ ID NO: 18,
SEQ ID NO: 40, or SEQ ID NO: 81 wherein the amino acid sequence is
truncated at the N-terminal end or C-terminal end, or both, wherein the amino
acid sequence binds to interleukin-1 receptor type 1 (IL-1R1);

(d) a nucleotide sequence complementary to the nucleotide sequence of any of (a)-{c).

A vector comprising the nucleic acid molecule of any of claims 46-50.

An isolated host cell comprising the vector of claim 51.



53. The host cell of claim 51 that is a eukaryotic cell.
54. The host cell of claim 51 that is a prokaryotic celf.
55. A cell line comprising the vector of claim 51.

56, A process of producing an antibody or antigen binding fragment thereof, comprising
culturing the host cell of claim 53 under suitable conditions to express the antibody or antigen
binding fragment thereof, and optionally isolating the antibody or antigen binding fragment
thereof, from the culture.

57. The process of claim 56, wherein the nucleic acid molecule comprises promoter DNA
other than the promoter DNA for the native antibody or antigen binding fragment thereof,
operatively linked to the nucleic acid sequence encoding the antibody or antigen binding fragment

thereof.

58, Use of an antibody in the manufacture of a medicament for treating or preventing an IL-1
mediated disease, condition or disorder, wherein the antibody comprises an amino acid sequence
encoded by the nucleic acid of any of claims 46-50.

59, The use of claim 58 wherein the IL-1 mediated disease, condition or disorder is selected
from the group consisting of puimonary disease, chronic obstructive pulmonary disease,
pulmonary alveolar proteinosis, bleomycin-induced pneumopathy, pulmonary fibrosis, idicpathic
pulmonary fibrosis, radiation-induced pulmonary fibrosis, cystic fibrosis, collagen accumulation in
the lungs, acute respiratory distress syndrome (ARDS), broneho-pulmonary dysplasia (BPD),
chronic obstructive pulmonary diseases selected from emphysema and chronic bronchitis,
chronic fibrotic lung disease, asbestosis, coal worker's pneumoconiosis, silicosis, bronchioliterans
organizing pneumonia, pulmonary sarcoidosis, allergic rhinitis, contact dermatitis, atopic
dermatitis, diabetes, inflammatory bowel disease, rheumatoid arthritis, and asthma.

60. A transgenic non-human animal comprising the nucleic acid molecule of any of claims
46-50.
61. An isolated nucleic acid molecule comprising a nucleotide sequence that encodes: a

heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 80, or an
antigen binding fragment thereof that specifically binds interleukin-1 receptor type 1 (IL-1R1) and

e P



inhibits binding of iL-1 to IL-1R1, and a light chain variable region comprising the amino acid
sequence of SEQ |D NQ: 81, or an antigen binding fragment thereof that specifically binds
interleukin-1 receptor type 1 (IL-1R1) and inhibits binding of IL-1 to IL-1R1.

62. An isolated nucleic acid molecule comprising a nucleotide sequence that encodes:

a, a heavy chain having a heavy chain variable region comprising an amino acid
sequence as set forth in SEQ ID NO: 10, or an antigen binding fragment thereof that specificaily
binds interleukin-1 receptor type 1 (IL-1R1) and inhibits binding of IL-1 to IL-1R1, and a light chain
having a light chain variable region comptising an amino acid sequence as set forth in SEQ ID
NO: 12, or an antigen binding fragment thereof that specifically binds interleukin-1 receptor type 1
(IL-1R1) and inhibits binding of IL-1 to IL-1R1;

b. a heavy chain having a heavy chain variable region comprising an amino acid
sequence as set forth in SEQ ID NO: 14, or an antigen binding fragment thereof that specifically
binds interleukin-1 receptor type 1 (iL-1R1) and inhibits binding of IL-1 to IL~1R1, and a light chain
having a light chaint variable region comprising an amino acid sequence as set forth in SEQ ID
NO: 12, or an antigen binding fragment thereof that specifically binds interleukin-1 receptor type 1
(IL-1R1) and inhibits binding of IL-1 to IL-1R1; or

c. a heavy chain having a heavy chain variable region comprising an amino acid
sequence as set forth in SEQ ID NO: 16, or an antigen binding fragment thereof that specifically
binds interleukin-1 receptor type 1 (IL-1R1) and inhibits binding of Il.-1 to IL-1R1, and a light chain
having a light chain variable region comprising an amino acid sequence as set forth in SEQ ID
NO: 18, or an antigen binding fragment thereof that specifically binds interleukin-1 receptor type 1
(IL-1R1) and inhibits binding of IL-1 to IL~1R1.

63. A set of nucleic acid molecules comprising:

(a) a first nucleic acid molecule encoding human heavy chain framework regions, a
nucleotide sequence encoding a human heavy chain CDR1 region comprising SEQ ID NO: 63, a
nucleotide sequence encading a human heavy chain CDR2 region comprising SEQ ID NO: 686,
and a nucleotide sequence encoding a human heavy chain CDR3 region comprising SEQ ID NO:
69; and

(b) a second nucleic acid molecule encoding human light chain framework regions, a
nucleotide sequence encoding a human light chain CBR1 region comprising SEQ ID NO: 71, a
nucleotide sequence encoding a human light chain CDR2 region comprising SEQ 1D NO: 73, and
a nucleotide sequence encoding a human light chain CDR3 region comprising SEQ ID NO: 75.

64. A set of nucleic acid molecules comprising:



(a) a first nucleic acid molecule encoding a human antibody heavy chain having a

heavy chain variable region, or an antigen-binding fragment thereof, wherein the heavy chain

variable region comprises the amino acid sequence encoded by SEQ ID NO: 85, and wherein the
antigen-binding fragment comprises SEQ ID NO: 63, SEQ ID NO: 66, and SEQ ID NO: 69; and

(b) a second nucleic acid molecule encoding a human antibody light chain having a

light chain variable region, or an antigen-binding fragment thereof, wherein the light chain variable

region comprises the amino acid sequence encoded by SEQ ID NO: 86, and wherein the antigen-
binding fragment comprises SEQ ID NO: 71, SEQ ID NO: 73, and SEQ ID NO: 75,

65.

66.

67.

68.

69,

70.

A vector comprising the nucleic acid molecule of claim 60 or 61.

An isolated host cell comprising the vector of claim 65,

The host cell of claim 66 that is a eukaryotic cell.

The host cell of claim 66 that is a prokaryotic cell.

A cell line comprising the vector of claim 65.

A set of vectors comprising the nucleic acid molecules of claim 62 or 63, wherein one

vector comprises the first nucleic acid molecule and the other vector comprises the second

nucleic acid molecule.

71.

72.

73.

74.

An isolated host cell comprising the set of vectors of claim 70.

The host cell of claim 71 that is a eukaryotic cell.

The host cell of claim 71 that is a prokaryotic cell.

A cell line comprising the set of vectors of claim 70.



