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THERAPEUTIC HUMAN ANTIIL-IR1 MONOCLONAL ANTIBODY

Thiz application is related 10 and cleims priority to U.S. provisional application
Serial No. 60/408,719 filed Septomber 6, 2002, the disclosure of which is incorporated by
reference herein,

FIELD OF THE INVENTIOXN

The invention relates to antibodies that bind derleukin-d reeepior type 1 (11~
IR1) protein.  Compositions, particularly pharmacentics] compositions and methods for
traating of [L-~] mediated diseases, such as rheumatold arthrifts, osteoartheitis, and oiher

inflammsatory conditions, arc also provided,

BACKGROUND OF THE INVENTION
Antivody Development

Tnflapmmation is the hody’s tesponse to injuries resuling [rom mechanicel
damage, infection, or antigenic stimulation. Inflammaiory reactions offen arc cxpressed
pathologically.  Such conditions erise wheo the inilammation s expressed fnoan
cxaggerated mamner, is inappropriutely stimulated, or persists after the injurioos agent is

remaoved.

The inflammatory respouse is mediated, fnter alia, by eytokines. Oue of the most
putent inflammatory cytokines yet discovercd is interleukin-1 (IL-1). An ineresse in 1.-1
signaling causes persistent influnmation exsoclered with several discases, and IL-1 i3
thought to be a key mediator in many discases and medical conditions. This cytokine is
manufacinred primarily (though not exclusively) by cells of the niacrophaneimonoeyte

lmeage and may be produced 1 two forms: 1L-1 alpha {lL- Lo and IL-1 beta (311§

-1 stimulatcs cellular responses by interscting with a heterodimeric receptor
complex comprised of wo trensmambrane proteins, [L-1 receptor tvpe IIT-IRT) and T0.-
I recepior accessory protein. (IL-1RAcP). TL-1 first binds to JTL-1R1; IL-IRACP is then
resruited to this complex (Greenfeder et al., 1995, J. Bivl, Chem. 270:13757-13705; Yoon
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nd Dinarelle, 1998, .7 Fapuaology 160:3170-3179; Cullinan e f, 1998, J fmmumology
161:5614-5620), followed by signal trunsduction resulting in the induction of u cellular

TOSPOTISS,

Cell-based binding studies supyest that IL-1RAGP stubilizes the TL-1R signaling
comnplex by slowing {1 ligand off-rate {Wesehe of ¢l 1998, FLBS Letters 429:303-3803,
While the interaction of the 1L-1 with 11~-1R has been thoroughly characterized, the
interaction of T1.-1RAck with ligand-bound receptor remalng poorly delined. Since 1L-
IR AcP Tias no signiticant alfinily for either 1L-1 or 1L-1R1 alone, but high afiinity for the
complex, it follows ihat novel binding sites for IL-1RACP arc crcated by the U-LAL-1R
binding event, whivh may cven include conmibutions from TL-1 residues (Etterre of ol
1997, Eur. Cyfekine Nepe 2110121711 Anotker molecule, [L-] recoptor antagonist tlh-
1) wompetes with J1L-Tr0 and B -1 tor recopior binding but fails fo recruit H.-1RAcP,
resulting in an ceeupied bur non-sigmaling secepror.  IL-t aciivity can additionally be
countterbulerced ov IL-1R type 10, a2 decov receptor that binds ligand but docs not
participate in signaling due to a nuneaed intracellulir domein. 1-1rs and TL-IR type 1
act to roduce the severily and duration of 11 mediated inflanomatory events (Wescho ef
al.. 1998, FERS Letters 429:303-306; Dvipps e al., 1991, L Biol. Chem. 266:10331-

o

1033G: Dripps ef al., 1991/, Bial, Chom. 266:20331-20335).

Intertenkin-1 ebibiwrs may be produced from any prowin capabic of spearyically
preventing sciivation of cellular receptors to IL-1, which may result ffom o number of
mechanisms.  Such mechanisius melude downereguletng -1 production, binding fres
IT-1, irecfering with 1L-1 hindiag 1 1L-1R, interfering with formation of the H-1R-11.-
IRACP complex. or incerfering with modulation of IL-1 signaling afier biuding to diy

reeeptor, Classas of TH-1 inhibitors include:
» inferleukin-1 yeceptor antagonists such as IL-1ra, us deseribed bolow;

s aob-IL-IR monoclonal antibodics {o.g., as disclosed in published European Patent
Application No, EP 6236874, ihe disclosure of which i3 hercby incorporated by

reference);

o IL-1 Wading proteins such us soluble T1-1 receptors (og.. as disclosed in U], S,
Pat. Nos. 5402888 S488.032; 3,464.937; 5,319,071, and 5,180,812; the

disclosurss of which arc hezeby incorporated by raierence):
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e anii-l~-1 monoclonyd antibodies (eg., as disciosad in Tnternational Patort
Application Publication Nox WO 9301097, WO 9402627, WO 9164371, U5,
Par. No. 4,933,343, EP 364778, BP 267611 and P 220063, the disclosures of

which are hereby incorporated by reference);

o IL-1 roceptor accessory protains ard antibodies theew (eg, a9 disclosad m
Imcrnational Patem Applicotion  Publication Nos. W) 9623067 and WO

59737773, the disclosure of which is herchy incozponited by reference): and

¢ inhibitors of inferleukin-18 converting cnzyme (ICEY er caspase | (eg., as
disclosed in Inicmnational Patent Application Publication Nos, WO 99746248, W0
99427543, and WO 99317154, Cie disclosares of which are bereby incorporated by

referenwy), which can be used o iphibit 11.- 1,4 production and seeretion:
s interlevkin- 1 proteass mhihitors: vnd

o othor corponnds and proteins that block in vive samthesis o exinectiular releuse
{)fnl“’: >

Txemplary 11.-1 inhibiiors are disclosed i the following references: TS Pat Noa,
5,747,444 5,359.032; 5,608,035, 5. 843,008, 5,259.032. 5,864,576, 5,869,0606: 3860,51(5;
5.872,005; 5,955,480; and 5,905,5064; mternation:]l Patent Application Publication Nog
WOUSA440, WOOE 47892, WOUS 36377, WOURIRERT WO 05420, WIS Ho0d),
WOO 7249, WOUEA2733, WOUS17661, WOLT08174, WOUS 34326, WOLY/ G426,
and WO99 2GS European parent gpplications Publicanton Nos. LPS3OTY and
LP89479; and French patent applicction no, FR 2762384, The dizclosures of all ol the

aforementioned references are hereby incorporated by reference.

Lyierloubin-1 recepior antegonist (17-1xa) is o humaz siom that auts as o nataral
inhibitor of interleukine: and is & member of the IL 1 tamily, which incluces iL-1u and
IL-18. Preforred receptor antagonists {including U-lra and wvirignts and derivatives
thercof). as well us methods of making and using thereo!l are described in ULS. Patesi No.
5075222 International Patent Application Publication Nes. WO 9L08IRS) WO
GLAT1RE: WO92/16221; WO93/21046; WO 94:06457; WO 94/21275: WO 94721235,
DI: 4215626, WO 94720517, WO 9622793, W 0 9728828, and WO 89736341, Austratiun
Patens Application No. AU9173636; eud French Patent Application No. FRIRWT?2; ihe

“3
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disclosures of which sre incovporated herein by reference,  The proteins include

elveosylated as will as non-glycosvlated forms of IL-1 receptor antagunists.

Specifically. three useful forms of TL-Tru and veriants thorcol are disclosed and
deserived in 1S, Patent No. 5,075,222 (“the "222 patent™). 1-1roo is characterized by
SDS-PAGE s a 22-23 kD muolcoule having an approximate isoclectric point of 4.8,
clutng from a Mono Q FPLC column at around 32 mM NaCl in Tris butfer, pH 7.6, 1L-
Iraft is charactorized as a 22-23 kD protein, eluting from a Mono Q columm af 48 M
NaCl  Both [L-1rac and T-1raf are glyeosylated. 11 -1nix 12 churscterized as a 20 kD
peotein, eiatng ltom a Mono Q voluma at 48 mM NaCl, and is nun-glycosylated. 1he
222 patent also discloses methods for isolating the yenss responsible for coding ihe
inaivitons, cloning the gene in suitable veotors and oolf rypes, and expressing the gene to
produce the inhibitors. Wiile effective, 1E.-1ra has a relatively short hall-hife. Iu corrent
use, 1L-1ra is administersd once o day. Fhe art would thus benefit from an antagonist of

ihe J1.-1 recepior with an epprecizily longer half-life.

Prevemuny 111 signaking by inhivitng 1L-1 from binding the 1L-1 receptor s an
gitractive thezapeutio approack: for ireating 1L-1 mediated Jdiscases. There is a necd m the
art tor chinically effective inhibitons of the IL-1 signaling pathway that may auselioraie
the etteets of [L-1 mediated Jiseases and are suitable for delivery into mmun palients. A
humau atiberly that blocks 1L signaling would be particulerly advantageonus in

fulfiltirg this need and would provide a Tonger hatfelife thun carrently s ailable therapy,

SUAMMARY OF THE INVENTION

The tvention provides wionoclonul cntibodics that baod 1o imorlevkined receptor
type [ (TL-1R1). Dreferably. the antibodies inhibit IL-1 signaling by competing with T1.-
12and JL-Lerbinding to IL-1R 1. Also provided by this invention are hybridoma cell lines
that produce, and most preferddly, secrete into cell cnlture media the monoclonal
an‘ioodies of the invention. The aniibodies of the invention successfully hlock 1L-1
siqpaling i human cells axd wre usefirl thereby in treating patients with 101 mediared
discases. The invention farther provides fusion proteing comprising the scquence of an
sty Fe region and one or more sequences selected from the group consisting of SEQ
1 NO:i0, SEQ 1D NO: 12, SEQ HNYNO: 14, SEQ TN NO: 16, SEQ T NO: 18, SEQID
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NO: 20, SLQ D NO: 22, SEQ ID NO: 24, SEQ 1D NO: 26, SEQ TD NO: 28, SEQ 1D
NO: 30, SEQ 11D NO; 32, SEQ ID NO: 34, SEQ 1D NO; 36. SO 1D NO: 38, and SEQ ID
NO: 20, Such molecules can be prepared using metheds as deseribed, {or cxample, in
WO 0024782, which is incorporated by referonce, Such molecules can bo expressed, for
exauple, i mammalian cells {(e.g. Chinese Hamster Qvary cells) or bacterial eells (e.g. E.
coli cells).

T certain aspects, the invention provides antibodics, preferably monoclonal
catihodies, most preferably humen antibodics, comprising a heavy chain and a lght
cham, wherein the heavy chain comprises an aming acid seyuence as set forth in any of
SEQ D NO: 2, SEQ ID XO: 6, or SEQ ID NO: &, or in autizen-binding or an

immunologicaily functional imnmneglobubn fngrent thereut

The invention also provides antibodies, preferably monuclonal antiboadies, most
preforably humean amibodiss, comprising a heavy chain and a light chain, whersin the
Jight chain comprises an amino acid sequence as set fonh in SEQ ID NO: 4 or an antigen-

binding or an immunologically funciional immunoglobulin fragment thereol,

In certain aspeets, antibodies of the inveniion comprise a heavy chair and a lght
chain, wherein the variable region of ihe heavy chain comprises an amine acid sequence
as sel forth in any of SEQ ID NO: 10, SEQ 1D NO: 14, or SEQ 1) NQ: 16 or an uniigen-
binding or an tmmunologically functional immunoglobulin fragment thereof, in other
aspects, the light chain variable region comprises an amine acid sequence as sct forth in
any of SEQ 1D NO: 12 or SEQ 1D NO: 18, or an antigen-binding or an imtnunologically
tunctional imrmunoglobulin fragment thereof. In additional aspects, the heavy chain
comprises an anino acid sequence as set forth in any of SEQ 1D NO: 20, SEQ ID NO: 22,
SEQ T NO: 24, SEQ ID NO: 26, SEQ 1D NO: 28, SEQ [D NO: 30, SEQ ID NO: 32,
SEQ 1D NO: 34, or SEQ ID NO: 36, or an agipon-binding or an immunoclogically
funcdonal immunoglobulin fragment thereof. In siill further aspeets, the light chain
comprises an amino acid sequence as yet forth fn any of SEQ 1D NO: 38 or SEQ 7D NG
40, or an antigen-binding or an imnmnologicully functional fomunoglobulin Fragment
thereof, Such ant’body chains are usetnl in proparing anlibodies thar bind specifically to
IL-1R1 snd also in preparation of bispecific antibodies in which the rssulting molecale

binds to 1L-11R1 and/or to another target molecule (o.g., TN or a TNF receplor).
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The invention also provides antibodics thet bind specifically to 1L-1R1, whereiu
the heavy chaln comprises a buavy chain varieble region comprising en amino acid
sequence as set forth in S2Q 11 NO: 2, or an antisen-inding or an immunelogically
functional innnunoglobulin fragaiert thereol, and the light chain cotprises a light chaln
variable region comprising an emino acid scouence as set forth i SQ D NO: 12, or an

aniipen-binding or an inmnunologically functional imumunoglobulin fragment thereof.

In cerfdn aspests, the invention also provides anibodies, comprising a heavy
chain and a light chain, wherein the heavy chain comprises a first variable region, and
wherain the first variable repicr comnprises a scguence thal has at least 90%. more
sroferahly ot least U8%, and most preivrably ebout 99% ideniity to the amine dcid
seqieree ax set Torth in SFQ 1) NO: 10, and wherein the light chain comprives a seeend
vartuble region. as! wherein the second variable region comprises a sequence that has at
Teast 9054, mers preforably at leest 95%, and most preferably about 99%%, identity fo the
amine acid sequesce as sot forlh in SEQ 11y NO: 12, wherein the andibady interacts with
IL-1RT.

The invention forther provides antibodies that specifically bind to 1L-1R1,
wingein the heavy cnain comprises 2 heavy chain vardable region commnsing an amino
acid scquence as sel furth in SEQ ID NO: 14, or an antigen-binding or an
immunologically simetional ioununoglobulin fragment thorcof, and the light chain
comprises a Hght chuin variable reglor comprising an aming acid sequence os sot forth in
SEQTD NO: 12, or an untigen-hinding or sc immunologicully functional immunnglobulin

Fapent thereof,

In certain aspects, the mvention provides antibodies, compiising a heavy cham
ard w Hight chain, whergin tie heavy chain comprises a first variable region, and wherein
the Orst variable rewion comprises & sequence that bas at Teast 90%, more proferibly ut
least %3%. and most preferebly dbout 99%, identity o the amino acid seyuence as set
for'h in SEQ 1D NO: 14, and wherein the light ¢hain comprises a sccond variable rogion,
and wherein the second vuriable region comprises a sequence that has 5t least 6%, more
proferably al least 95%, and most preferably about 99%, identity to the amino acid
sequence 25 s2 forth i SEQ 1D KO: 12, wherein the antibody itteructs with 1L~ 1R1,

The invention also provides antibodies that bind specifically to [L-1RJ, wharein

5

the neavy chain comprises a heavy chain variable region comprising mn anino acid

v

t




L

10

15

20

WO 20047022718 PCTAIS2003/027978

sequence as set forth in SEQ 11D NO: 16, or an antigen-binding or an imuemolegically
functional imnpnoglobulin fragrent thereof, and the Hght chain comprises & light chaln
varizble regior. comprising an amino acid sequence as set forth in SEQ 1D NO: 18, ar zo

antigeo-binding or an immunologically functional immunogdobulin fragment thereof.

In cerlain aspects, the invention provides antibodics, comprising a heavy chaln
and 2 light chain, wherein the heavy chain comprises a Jrst variable region, and wherein
the first variable rogion comprises a sequence that has at least YU%, more preferasly at
least 95%, and most preforably about 99%, identity to the awino acid sequenee us sot
forth in. SFEQ 1D XO: 16, and whercin the light chain conprises a second variable region,
and wherein the second variable region comprises an amino acid sequence that has at
least 90%, more preferably at loast 5%, and most preterably about 99%, identiy to the
amino acid sequence as sef forth n SEQ ID XNO: L& whersin the antibody intervets with
TL-1R 1.

The inventton also provides antibodies that bind specificully to 1-1R1, wherein
the heavy chain comprises an amiuo aeid sequence 28 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 ID NO: 30, or an
antizen-binding or in Immunologically fiunetioral Immumoglobulin fragment thoreof, amd
the light chuin comprises an ammo asid scquence @s set forth in SEQ ID NQ: 38, or an

antigen-binding or an immunologically functional immunoglobulin fragment thereor,

The juveniion further provides uniibodies that hind specifically to 1L-1R1,
wherein the heavy chain comprises an amine zeid scquence os set forth in SEQ 1D RO:
32, SEO 1D N0: 34, or SEQ ID NO: 36, or sn antigen-binding or an immunologically
funciional immunoglobulin fragmem thereof, and the light chain compsises an amino acid
sequence as set Jorth in SEQ 1D NO; 40, or an antigen-binding or an immunslogically

functional irninunoglobulin fragmoent thereofl

The brvention also provides cmbodiments of all of the foregoing thal are single
chain antibodics, single chain ¥v antibodics, Fab artibodies, Fab’ antibedics wnd (Fab™):

artibodiss,

Tn purticulsr aspects, the invention provides a light chein comprising an amino
acid sequence as set forth in any of SEQ 1D NO: 38 or SEQ 12 NO: 40, or an aniigen-

¥

binding or an immunologically functional immunoglebulin fragment thereof.
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Tn addition, the invention provides a heavy chain comprising an amino acid
sequence us sci forth W any of SEQ D NO: 20, SEQ 1D NO: 22, SEQ 1D NO: 24, 5EQ
113 NO: 26, KEQ D NO: 28, SEQ TD NO: 30, SEQ T NO: 320 SEQ T NO: 34 or SEQ
I NO: 36, or an antigen-binding or an mmmunclogically fimetional inmmunoglobulin

fruzmens thereof.

The ‘nvemtion sl relates to isoizted human antibodics that specitically bind IL-
1R1, whercin the anibody compriscs: () hurnan heavy chuin framework regions, «
hunum heavy chain CDRY region. 2 bumag heavy chain CDR2 region, and 2 human
heavy chrin CDR3 region; and () human light chain framework regions, a human Hght
chain CDRY reglon, o hrman light chain CDR2 repion, and a human lipht chiwin CDR3
repion, Inocerlain aspouss, the haman heavy chain CDRI region can be the heavy chain
CDRI region of 26F5. 2752, or 15C4 as shown in Figure 10 and the human Light chain
UDR1 region can be the ght chiwin CDRI region of 26FS, 2772, or 15C4 a5 shown in
Tigure 11, In other aspects, the human heavy chein CDR2 rogion can be the heavy chain
CHR2 ragion of 2685, 27F2, or 1504 as shown in Figure 10 and the human Ught chain
U2 region can be the light chain CHBR2 region of 206F5, 27F2, or 1504 as shown jn
Higure 11, In ull other aspects, the human heavy chain COR? region is the heave chain

>DR3 region of 2615, 2712, or 15C4 as shown in Figure 10, and the Twman light chain
CDR2 region iz the light chain COR3Y region of 26F5, 2782, or 15C4 as shown m Figure
1L

In addition, the invention provides an isolated human antibods that specifically
binds 1o dnterioukin receptor type 1 (IT.-1R 1), comprising: 4 human heavy chun CDRY
region, whgrvin the heavy chain CDRI has the amine acid sequonce of SEQ ID NO: 61,
SEQ D NO: 62, or ST D Nk 63; a human heavy chain COR2 region, wherein the
heavy chain CDR2 has the amine acid sequence of SEQ TD N(: 64, SEQ ID NO: 65, or
SFE 1D NO: 66 ynd/or 4 human heavy chain CDR3 repion. whercin the heavy chain
CDR3 bas the amine acid sequence of 8EQ 1D NG: 67, SEQ T NO: 68. or SEQ ID NO:
0,

The wwvention also provides an solated humat antibody that specificalty binds 1o
inierleukin-1 receptor type 1 11-1R1), comprising: a human Hgit chain CDRI region,
whercie the light chain CDRT has the amino acid sequence of SEQ TD NO: 70 or SEQ ID
NG: 710 2 human heavy chain CDR2 region, wherein the heavy chuin CDR2 has the

3
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amino awid sequence of SEQ ID NO: 72 or SEQ [D NO: 73; andéor a humen heavy chain
CDR3 region, wherein the heavy chain CDR3 kas the amine acid sequence of SEQ 1D
NO: 74 or SEQ IDNO: 75,

In certain embodiments, the antibodies of the invention bind {u the third domein of
IL-1R1, whick is shown in Figure 17, Preferably, the epitope for an untibedy of the
mvention consists of the wrine acid sequence YSV, which is reterred o as Epitope 4
hercin and shown in Figure 24, The invention further relates 1o fusion proteins mul other
molecules capable of binding to Esitope 4 (together with the afurementionsd entibudizs.
collectively referred to boretn as “specific binding partners™), such s 1nay be prepared
using methods as deseribed, for example, in WO (\.20782 which is bwemporatad by
reference. Such miojecales can be expressed, for exauple. i manmahan cells (e,

Chimese Hamsear Ovary cells)y or bacterial cells {e.z. £ oo/ cells).

Furthernore, the invention provides a method for epitope nupping of 2 selected
antigen. In ore aspect, the nucthed comprises the steps of: (a) cenerating a set of fusion
proteing, wherein sach fusion protein comprises (i} avidin snd (1) a fragment of the
antigen; (b) screening the sct of fusion proteins for binding to one or morc specific
binding partners for the antigen; (c) isolating the fusior profeing on @ madiwm conprising
biotin, wherchy the avidin binds to the biotin; and (d) analyying the fusion preteins bound
by the specilic binding putner or partncts fo detormine binding sites an the antigen tor
the specifie bimding pariner or partnes,  In a particubsr aspecl. the specifiv binding

pariners are sntibodies,

In wddittonal embodiments, the invention provides methods for wreating an 1L~
mediated  discase, conditien or disorder, comprising the siep of ocmislering 4
phirmacenically ofteetive anount of one or a plurality of monaclonal untibadies ot the
invenion or an astigen-binding or an Inoueasfogicslly tunclional hotnamglobulin

fragment thereof 1o an individual in nced thereof,

The {uveniton also provides meihods for dewcting the level of IL-1R1 in a
biological sample, comprisivg the siep of contaciing the sample with @ monoclosal
aniibody ¢f the invention or antigen-binding fragrent thereof. The unti-1L-1R wwtibodies
of the invention may be employed in any known assay mcthod, such ue competitive
hinding assavs. direct and indirect sandwich assave. immmopreeipitation assvyy and
enzyme-linked tmmunosorbent assavs (BLISA) (See, Sola. 1987, Monuoclonal Antbodigs:
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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
entibody 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 1gG2 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 1gG4 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 D 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-TL-1R1 antibody kappa chain variable region (SEQ ID NO:
12),

10
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Figures 7A~7B depict a cONA scquence (Fig. 7A) encoding the 27F2 anti-1) ~1R1
antibody heavy chain variable region (SEQ ID NQ: 13) and the amino acid sequence
(Fig. 7B) of the 27F2 antl-IL-1R! annboedy heavy chuin variable region (SEQ I NO:
14).

Figures 8A-8B depict a cDNA sequence (Fig. 8A) cnvoding the 15C4 auti-11 -1R1
antibudy heavy chain variable region (SEQ ID NO: 15) and the zmino acid sequetice
{Iig. 8B} of the 15C4 anti-IT ~1R1 untibody heavy chain variable region (SEQ Y NO:
L&)

Figures 9A-9B depict a ¢cDNA sequence (Tig, 9A) encoding the 15CH apti-I-1R1
antibody kappa chain variable region (SEQ ID NO: 173 and the amino acid segnonce
(Fig, 9B) of the 15C4 anti-TL-1R1 antibody kappa clizin variable region (SEQ ID NO:
18).

Figure 19 shows wi apino seid sequence alignmend of heavy chans front wnti-1L-
1R] amibodies designated 15C4, 2702, and 263, The complemertazity determining
regions (CDRs) are underlined. CDRI for 2685 is designaed SEQ ID XNO: 61; for 2782
is desipnated SEQ ID NO:; 62; [ur 15C4 is designated SEQ TD WO: 63, CDR2 for 20F5 is
designuied SEQ ID NO: 64; for 27F2 iy designated SEQ ID NO: 65; fur 1504 is
designuted SEQ ID NO: 66. CORI for 268 is designated SEQ ID NO: 67 for 27F2 is
desipnated SEQ ID NO: 68; for 1504 {s designated SEQ 1D NO: 69,

Figure 11 shows an amine acid sequence aiiznme:t of light chains from anti-1L-
Ri-y antibodies designated 1304, 2702, and 2615, CDRI1 for 2615/27F2 is designated
SEQ T WQ: 70; for 15C4 is designated SEQ 1D NO: 71, CDR2 for 261572772 is
designated SEQ ID NO: 72, for 1504 18 designaied SEQ Iy NO: 73, CDRI for
26187278 is designated SEQ 1D NQ: 74: for 15C4 {5 destgnated SEQ ID NQ: 75,

Figure 12 is a graph iLustrating the inhibitory effect of antd-IL-1R1 antibodies en
1 -TRAT-12TT-1R AP complex formation.

Tigure 13 is a graph showing the inhibitory effect of an anti-IL-1R1 monoclonal
antitkuly as deseribed herein and destgnated 15C4 on IL-TR/L-100ll-1Rack complex

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

control.

Figure 15Ais 2 graph showing inhibition of IL-6 production in primary human
chondrecytes by anti-IL-1R1 antibodies identified herein and designated 15C4, 26F5, and
27F2 compared with IL-1ra.

Figure 158 is a graph showing inhibition of IL-6 production in primary buman
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 hutan whole blood
by anti-IL-1R1 monoclonal antibodies designated 15C4, 26F5, and 27F2 compared with
IL-Tra,

Figure 17 depicts human amino acid (SEQ ID NO: 76) and nucleotide (SEQ 1D
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 fo construct the 15 different mutated proteins. The rat residuss
introduced by mutation are listed below the rat nucleic acid sequence.

Figure 18 shows Western blot analysis demonstrating 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 11.-1RacP, and three
classes of anti-IL-1R] antibodies: (I) 3™ domain epitope TL~1 blockers, (1) 3™ domain
epitope RAcP blockers, and (IV) 1%/2™ domain epitope I1.-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 TL-1R1.
Pigure 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 fnvention.
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Figure 24 depicts the amine aefd ssquence (SHQ 1D NO: 60} of an avidin-
cynomeigts  [L-IRI-FLAG chimerie protein. Ihe sccombinant chicken zvidin
{lwalicizeC) s joined to ihe muture extraceliuler domaim of cyomalgue [1-1R1
{uncerlined. with Cterminal FLAG tag in bold) by « 6 anmno acid lioker, Tour wming
acids fron: henan [L-IR1 thar were hwroduced alone and in cowbination info the
cynomolgus seguence dre in bold under the eynomelgus sequence. Epitepe 4 i3 bold,

italicized, and undolined.

Figure 25A shows a Westorn blot analysis of anti-bumun 1L1I-R1 untibody famii-
hull1-Ri) binding to U-[R1. The * indicates that antbodizs were used al § ggml.

whereas in the remainder antibudics were used al 1 gpmll.

Figure 238 shows a smamary of tie densiioretric analysis of o Jdunlicae set of

Wosterts hlot experimains,

Figure 26 shows yraphs representing tue binding of anil-hmILIR] annbodies o

avidim fL-1R1-FLAG proteins in & multiplexed bead-hased binding ussay,

DETATLED DESCRIFITON OF CERTAIN PREFERRED EMBODIMENTS

The section headings wsed hereln are for erganizational purpeses only snd are not
to bo construied as Imiting the schicel matier dosershed, Al referonces cited in this

applicinion are oxpuessly meorpurated by raference herein for auy puspose.
Defitions

A diseaze or muedical condition is considered to be an “intaleskin-b {11.-1)
mediated disesse” if the natualiv-ocewring or experimentally-biduced disease or medic!
condition iz associated with elevated Tevels of TL-1 ia bodily tuids or tssue or il cells or
{issues twhen from the bedy produce elevared levels of TL-1 b culiure, Elevaled levels of
FL~1 can inciude, tor cxample, lovels that exceed those normally lound i1 a parficular cell
or tissue, or can be any detectable level of U.-1 in a cell or tissue that normally does not
express Ho-1. In many cases, 11.-1 mediated discases are also recognized by the tollowing
additiceral two comditions: (1) pathological findus asseciated with the disease or medical
conditior cin ¢ mimicked cxperimentally 1 animals by administration of 111 er up-

regulation of expression of 11-1; and (2) a pathology induced in experimental znimal
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models of the discase or medical condition can be inhibited or gholished by freaiment
with agents that inbibit the action of 1L-1. T most IL-i medimed diseascs at icast two of
the three conditions are mat, and in many 11-1 mediated disesses all three couditions are

met.

A nop-cxchusive Tist of acute and chronic TL-T-miediated discases mchrdes but is
not liwdied to the followiny: osente pancreatitis: mmyclolatoroschicrosis (ALS)
Alzheimer's disease; cachexia/enorexis, including AlDS-induced cuchexia; asthma and
ather pulmonary diseases; atherosclerosts: autohmmune vasculilis: chronic fatigue
svndrome, Clostridoun: associated ilinssses, inchuding Closeridiym-assoviated diarrhes;
coronary  conditions and  indications, incliding congestive heart failure, coronery
restenosiy, myocardial nfarction, tivovardial dysfunction (e.g., related o scpsis), und
coronary artery bypass grafi; cancer, such as mubiple mveioma and myclopenous (e.g..
ARL or CAMLY and other leukemias, as well &s tumor mciastasist diabetes {o.g.. insuine
dependent diabetes). endometriosis; fever; Bbromyalgiyg glomeruionephritis: grat versos
host disease tunsplant xejection; hemorshagie shocks hyperalgesia; wilanunatory bowel
disense; nflumnuuory conditions of a joing, incliuding osteoarthrills, psosiatic artheits and
rheueutold artheitis; inflammalory sve discuse, as may be associated with, ¢.g.. comeal
teorspland, ischeruda, including cerchral ischemia (e, broin injury us a vesalt ¢f travma,
epilepsy, hemomhage or stroke, each of which may lead o nowrodvgeneration);
hawasakis disease; leaming mpsimment lang discases (e.g., ARDSY, nwliiple sclerusis;
mynpathics (e.g.. muscle protoin metaholism, especially in sopsis): neuroloxicily (e.g., as
mdueed by HTV); osteoporosis; paia, including cancor-related paing Parkinson's discase;
penodoutal discase; pre-tern: [ahor; psoriasis; reperfusion mijuey; sephic shock: side
effects frons radiation therapy: wmponal mandibular joint disease; slecp disirbance;
uveitis; or s mflammatory condition resulting from strain, sprain, cartilage damage,
trauma, orthopedic surgery, infection or other discase processes.  Melhods of the
mvertion for treating taese acute and chronic U~-T-mediared diseases, as well as other 1L-
L-medwated conditions ond discasss, are described below,

Coaventivnal techniques may be wsed for preparing recombinant DNA,
performing oligonacleotide syrihesis, and practcing fissue enliure and wansformation
{e.g.. eleciroporation, wansiection or lipofection). Enzymatic reactions and purifieation

tecimiques may be performed aceording to manufuciurer’s specifications or us eonmonly

14
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accomplished 1t the art or us described herein, The foregoing techniques and procedures
may be aenerally performeod aeeoeding (o conventional methods well known in the ar and
a5 Jdescribed 1 varions general and more specific refersnces that are cited and discussed

throughoul the present specificution.  See. eg., Sumdwook e of, 2001, Msicealor

ox W

ke £

Cloning: A Laboratory Manyad, 3rd wl., Cold Spring Harbor Tuborawry Press, Cold
Spring Herbor, WY, which is incomorated hepein by reference for any puposs. Usicss
spectlic defimtions are provided, the nomenglature wtilized in comuction with, and the
laboratory  mocedures  and  fechnigues of, avalvticsl chemisiry, synthetic  orgurdo
chumisiry, and wedicival sod pharmaceutics] chemistey deserdbed herein are those well
M known and comrnonty vsed in the art. Standard technigues may be used for clwameal
syvitheses, chemical analyses, pharmaceatical prepaaation. formalation, and delivery. and

treatnient of patients,

As wiilized i accordance with the present disclosure. the following terms, tnless

otaerwsse indicited, stall e undorsieod 1o have the follewing meanings:

i3 The tenn "isoldded polynacleotide” means thar the subject polyruciesnde, (1) 5
not wssuctdied (covalently or poncovalently § with all or 4 porfion of ether pobuucleofides
with which the subjecy polypucleotida is associated n antare, (2) ig associated with 2
molecule with which it is not asgociated in nature, or (3} does not coour in nature
assoctated with any othor polyoucleoudes.  Such en isolated potviucleotide may Ye
20 gonvaniv DNAL cDNA, mBNA or other RNA, of symihatic ongin. or any cnnhination

thervotf.

The torm “reolated protein” reforred to berein mcans that a subjoet protein (1) is

fee of wt least somwe vther proteing with which it would normalle be found, (2} s

essentially frue of viner proteing trowm the saune sourcs, ¢.g. ront the sime species, (3) i

b
th

eaprossed by @ cell from a differznt speeies, (4) bas been sepanisted from ai Jeast sbont 30
pureznd of polynucieotides, lipids, carbohydrates, or other puterials with which 1t is
associaled in naiure, (5) is not associated (by covalent or noncovaiont interaction) with
portiotss of « protein with which the “isolated protein” is assovizied i wware, (6] is

operab’y assecwated (by covalent or noncovalent imeraction) witiv a polypeptide with

43
=

whick it 1s mot axsociated *n nuature, or (7Y dous not ocenr in pature. Gonomic DNA,
eDNA, mRNA or other RNA, of synthetic origin, or any combinatinn thereof may encodce
such en jsolated protein,  Preferably, the isolaled protein is substandally fres from

Y
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proteins or polypeptides or other contaminants that are found in its natural environment

that would inlerferc with its therapoutic, diagnostic, prophylactic, rescarch or other use.

Tho terms "polypeptide” or “protein” means oue or more chains of amino acids,

wherein each cbain comprises amino acids covalawly linked by pepride bonds, and

Ly

andfor covalently linked together by peptide bonds, having the sequence of native
proteins, that is, proteins produced by naturally-occurting and specifically non-
recombinant cels, or genchcally-cnpineared or recombinant cells, and compnsc

molecules having the amino acid sequence of the nuiive protein, or malecules having

?

sequence.  The terms “polypeptide” and “protein” specifically eacompass anti-ILI-R1

antihodies, or sequences that huve deletions from, additions to, and/or substtimtions of one
or more anino acid of an anti-ILR-1R1 antibody. Thus, a “polypeptide” or a “protom™
san comprising une (fermed “a monomet™) or a plurality (termed “a multimer™) of amino

15 aond chaina,

‘The term “polypeptide iragmem” refers to a polypeptide, which can be monomeric

or multimeric, that bas an aminc-termina! deletion, a carboxyl-terminal deletion, and/or

an intemal deletton or substiiution of a naturally-occurring or recombinantly-produced
polvpeptide. In cortain entbodiments, g polypeptide fagmont o comprise an amino acid
chain al least 5 w abow 500 aminoe acids long. 1 will be appreciated that in certin
cmbodiments, fragments are at least 5, 6, 8, 10, 14, 20, 50, 70, 100, 110, 150, 200, 230,
300, 350, 460, or 450 amino seids long. Panicularly useful polypeptide fragments include
functional dorains, including binding domains, In the case of 20 anti-!L1-R1 wiiibody,
useful fragments include, but ars not limited to: a CDR region, cspecially a CDR3 region
of the heavy or light chai: a variablc domain of a heavy or Hghi chaiv; a portion of an

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

Ths term “immunclogieally functional immunoglobulin fagment” as nsed barcin

refers 10 2 polypeptide fragmeni that contains ei least the variable domains of the

3 immunoglobulin heavy  and  light chains. An  immunologically  foucrional

umnunoglebulin fragment of the invention is capable of binding to a ligand, preventing
hinding of the ligand to its receptor, interrupting the biological response resulth:g from
16

wherein said polypeptide or proiein can comprise a phuality of chains non-covalently

0 delstions frony, additions fo, and/or substitutions of one or more amino acids of the native
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ligand binding w0 the recoptor, or any combinution thereot.  Preferably, an
mmunologically functionul immunogwbulie fragment of the invention hinds speorficuity
to IL-1R].

The ferms “naturally ceowring” and “native”™ mear that the biological materials
{molceulex, sequencos, protein comploxes, cells, snd the liked 10 which the terms ave
applied cun be found in nature wnd are not manipulated by o,  Cor example, a
polvpeptide or polynuclectide sequence that is present in an orgamism (including vinses)
thut can be iseluted from a source in nafure and that has not besn ntantionally modified
hy man is natera'l eccurring,  Tikewise, the terms “non-natwally occorring” or “non-
native” reier to 2 muterial tha is not fonund in nature or that Yas beep strpcturally modifiad

or svathesized Iy nn
¥ 3

The term “operably Jirked” weans that the eompanents 1o which the e 18
apphed wre i 2 relavonship that allows them to carry out thair imberent fonetions under
sufiable conditions. For eaample, 3 control sequence "opershly linked" o a protein
coding soquence s ligaied thoreto so that expression of e protein coding sequence is
achieved under conditions compaiibic with the wansenphional activity of the control

seqUences,

The term "eontrol sequence” means that the subject polynucieotide sequence can
wfect exprossion and processing of coding sequerces to which it is Ugmad. The pature of
such control sequences may depend upon {be host trganisie, I partionlar erubodiments,
contral sequences for prokaryvoles may inchile a promoter, rbosomal binding sife, and
wanscription fornination sequence. In other paniculur eimhodincnts, control seguences
for eukarvoles may include promoters comiprising one or a plurality of recogmiion siies
for trasscription Qactors, trunseription enheneor seouences, and trunseription wrmination
sequence, o curtaln ebodiments, "contrel sequences™ can mcude leader seguences

andiur fusion pasnner sequstces.

The rerm "polvuuctetide” means single-stranded or double-stranded nueleiv acid
polymers of at least 10 bases in lengin,  In cortain cobodiments, the neleotides
comprising the polynueleotide von be ribonueleotides or deoxyriborucleotides or a
modified form of cither tipe of nueleotide.  Said modifications meluds base
modifications such 28 bromouridine and tnosine dedvatives, tibose modilications such a3
20,3 -dideoxvribose. und internucieatide linkage moditications such as phuspborothivil,

i7
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vhusphoredithioate, phosphoroselenoate, phosphovodiseienoate. phosphoreanilothioale,
phoshoraniladute and phosphoroamidate. The termu includes single wnd double stianded
forms of DNA.

The term "oligonucleotide” memns & polynucleotide comprising # lengih of 200
bases or fower. In prefirred embodiments, oligonuclestides are 10 to 60 bases in length.
In more prefared cmbadiments, oligopuclootides are 12, 13, 14, 15 16, 17, 18,19, 0r 20
i A0 hases in length, Ohigenncleatides may he single strandsd or double sranded, e.g.,
for use in the construciion of 2 mutant gens.  Oligonucleotides of the invention may be

sense or asnisense oligonucicotides.

The ferm “naturally eccurring nucleotides” mcludes deaxyribopueleotides and
ribonacleotides. The term "modifted nucleotides™ includes mucleotides with madified or
substitaled sugar groups or modified or snbsiituted bases.  The torm "oligonucleolide
linkages”  ingludes  linkapus  such  as  phosphorothtoale,  phospherodithoate,
phosphorosclenaate,  phosphorodiselencate,  ghosphoroanilothioate, phoshoranibulaie,
phosphorvamidate, and the like. See. e.g., LaPlanche et ol (1086), Nuel Acidy Res.
149081, Swe ef el (1984), J. dm. Chem. Soe. 106:6077; Stein ef f. (1988}, Nucl, Ackis
Res, 10:32000 Zon et al. (188Y), dnti-Cancer Druy Design 61339 Zon e al. {19913,
Oligonucieoiides and dApalogues: A Practical Approach, pp. $7-108 (F. lickstein, od.),
Oxford Umversity Press, Oxford England: Stee of of., U.S. Pal Wo. 5,151,510; Uhimann
and Peyman (1190), Cheminal Reviews W:543, the disclosures of swhich are hereby
incorpurated by reference for any purpase.  An oligonucleotide of fhie invention cun
include .1 lubel. incheding o rediolabel. o Aucrescent fabel, o hapten or an antigendc label,

or detection assays.

The tony “vector” meuns any molecule {e.g., mucleiv acid. plasmid, or virus) used

to wansfer coding information to 2 host cell,

The term “expression vector” or “expreasion consiruet”™ refors t¢ a vector that is
sultable jor transfonmation o1 a bost cell and contains nueleic acid sequences that direct
andor control (in conjunction with the host cell) expression of one or more heterologous
coding regions operatively linked thereto. Au exprossion construct may include, but is not
lunited to, seguences that afieet or control transeription, trapsiadon, and RNA splicing, iff

introns siwe presen, of o coding region operubly linked thereta,

18
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The term “host ecil”™ meims a cell that has been transformed, or is capable of being
transformed, with 2 nuclaic ucid sequence and thoreby exprosses a sslected pene of
interest. The term inchudes the progeny of the parent cell, whether or not the progeny is
identical in merphology or in genefic make-up to the origingl parcit cell, so long s the

selected gene is present.

The term “transduction” means the iransfer of genas from one bacterium fo
anoiher, nsually by phage. “U'ransduction” also refors to the scquisition and transfer of

cukaryotic cellular sequences by retroviruses,

The term “transfection” means the uptake of foreign or exogenous DNA by a cell,
and 4 ocll has boen “transfectod” when the exopenous DNA has been introduced inside
the cell membrane. A number of transfection techniques are well kanown in the ac and
are disclosed hercin. See, e.g., Graham et of,, 1973, Virology 52:456; Sanibrook e ¢l.,
2001, Molecnlur Closing: A Laboratory Manual, Id.; Devis vt al., 1986, Basic Methods
in Molecular Bivlogy, Elsevicr, and Chu ef of,, 1981, Gene 13:197. Such technigues can

ve used o introducs one or mare exogenous JINA moieties Do suitable host cells.

The term “raastormanon” refors to a change in a cell’s genetic characieristics,
end a cell has boen transformed when it has been modified o contan new DNA, For
cxample, a vell is trapsformed where 1t is genetically modified from its native stale by
pansfection, transduction, or other fechuiques. Tollowing tramsfection or tansduction,
the trensforming DNA may recombine with that of the cell by physieslly infegraung into
& chromosome of e coll, or may be maintained transiently as an cpisomal eleroent
withou! being replicated, or may replicare independently as a2 plasadd. A cell is
considered 1o have been “stably transformed” when the transforming DINA is replicuicd

with the division of the ecll.

The torm “antigen™ refers to 2 molecule or a porlion of a molecule capable of
buing bound by a scleetive binding agent, such as an satibody, and additiorally capable of
being used in an aunmal to produce antibodies capuble of binding to an epitope of that

aniigen, An antigen may have onc of more epitopes.

The fenn “epiiope” includes any doterminant, preforably = polypeptide
deterinipant, capable of specific binding to an immunoglobulin or T-cell recepior. In

certain embodiments, epitope determinants include chemically active surfice groupings

e
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of molecuiss such as amino acids, sugar side chains, phosphoryl, or sulfonyl, and, in
certain embodiments, mey have specific three-dimensional structural characteristics,
and/or specific charge characteristics. An epitope s 8 region of an antigen that is bound
by an antthody, In certaln cmbodiments, an antibodv is said w specifically bind an
antigen when it prefereniiolly recogrizes its targel antigen in a complex mixture of
proweins andfor Inucromolecules. [n preforred embodiments, an aniibody ig said to
specifically bind an amtigen when the dissociation constant is less than or equal to about
1C 1M, move proferably when the dissociation constani is iess than or egual {0 about 100
pM, and most preferably when the dissociation coustant is less than or cqual 1o wbout {0
phl

The tenm “identity” refers to a relationsip betweon the sequences of two or more
polyvpeptide miolecules or two or more nueleic acid molecules, as determained by
compering the sequences thereof. Tn the art, “idontity” also means the degree of sequence
relatedness between nucleie aefd moleeules or polypeplides, as the case may be, as
determined by the match between sequences of two or more aucleotides or two or more
amino acids, “Identity” messures the percemtage of identical matches bowween the
smaller of two or more sequences with gep alignments ({f any} addressed by a patticular
mathematical model or compute: program (Le., “algorithms™).

The term “shmilarity”™ is used in the ar with regard to a relaicd concept; in conirast
o “identity,” however, “stnilarity” refers to a measure of relatedness that includes both
idenfice] matches and consurvative substiintion matches. If two polypeptide sequences
have, for example, 10720 identical amino acids, and the remainder are gl non-
conservative substitutions, thon the percentage idontity and similarity would both be 50%,
If in the same exzmple, there we five mors positions whore there are conservaiive
substilutions, thes the percentage identity rematns 50%, but the percentage similarity
would be 75% (15/20). Therefore, in cases where there are conservative substitutions, the
percentage similavity between fwo polypeptides will be higher than the percentage
ulentity between those two polvpeptides,

Identity and similarity of related nucleic acids end polypeptides can be readily
calonlsied by known methods.  Such mcthods include, but are not limited fo, those
described i Computational Molccufar Biology, (Lesk, AM., ed), 1988, Oxford
Uniy ezsity Press, New York; Biocomputing: Informatics and Genome Projects, {Smith,

20
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DAV, edp 1993, Academic Press, New York; Computer Ancivsiv of Sequeniee Daiz, P
L (Griffn, AM., and Griffie, (LG, eds.), 1994, Humana Press, Now Jersey: von Heinje,
G Sequence Analpsis n Moleoudar Biclogy, 1987, Acuderiic Press; Sequency dnalise

Primer, {Gribskov, M. and Devercux, 1, eds), 1991, M. Siockior Prese, Now York:

Curille et al., 1988, SIAM /. Applied Math. 48:1073; and Dutbin of ol 1998, Biviegicul

Scguence Anabsis, Canbridge University Press,

Preferred methods to determine identity are designed o give he lrgest muich
octween the scquepces wsted. Methods to Cetermine idowity are described {n publicly
available computer programs. Preferred computer prozram matheds to determine identite
between rwo sequences includs, but are not Jimited o, the GCG program package,
meludivg GAP (Doevereux o al., 1984, Nucl, Acid, Res. 12:3%7, Geneiies Computor
Croup, University of Wisconsin, Madison. Wi, BTASTP, BLASTN, and FASTA
(Altschul et af, 1990, J Mol Bicd 213:403-410), The BLASTX pregram is pusiicly
available from the National Certer for Blochnology lnformation {(NCBY mand otier
sources (BLAST Mannal, Altschul ef all WOBNLMNILT Bothesda, MD 20894 Altschul
et ul.. 1990, supra). The well-known Smith Watcrman algorithm may also be used 10

detorming identity,

Certain alignment schemes for aligning twe amino acld sequences iy resalt i
matching of only a short reglon of the two sequences, and this small aligned region may
fave very high seovencs Wentity even though there is no significant relutionship herween
the two inll-length sequences.  Accordingly, in cencie embodiments, the solected
alignment method (GAP program) wiil result n au alisoment hat spans al least 30

contignous amine zoids of the targe! polypeptide.

For example, using the computer algorithm GAP (Geudlics Compulter Group,
University of Wiscorsin, Madison, WI), two polypeptides for which the pereentuge

2

scyuence wlentity 18 1o be dotermined ave atigned for optimal :netching of tiwir respeciive
amino zcids {the “marched span”, as delerminec by {e algorithmy).  In cenain
einhodiments, & gap opening ponaley Gwhich is caleaiated as threctimes e averuge
diagonal; where the “average diagonal” is the average of the diagonal of the couparison
matrix Dejng nsed; the “diagonal” is the score or aumber assigned o each perfect anino
avid watch by the ratticular compurison metrix) amd w gap extension penely twhich Is
usually ope-tenth of the gap opening penaliy), as wull as a comparison matrix such as
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PAM2S0 or BLOUSUM 62 arc esed in conjunction with the algorithm. In cerfain
cmbadinents, a Mendard comparison matrix. (see Dayholl of al., 1978, Atlas of Profein
Seguence and Structwre 3:345-352 for the PAM 250 comparison matnx; lHenikoi{ e af.,
1992, Proc, Natl Aead. Sei US4 $9:10915-10919 for the BLOSUM ¢ comparisen

niatrix) is also nsad by the dzoriim,

In certain embodiments, the paraniclers for 4 polvpeptide sequencee comiparison

nelude ‘e following:
Algorithi: Neadleman of o (19703, J. Mol Biol. 48:443-433;
Comspagison matrix: BLOSUN 62 from Henikotf ef gi. (1992), supreg
Gap Penaliy: 12
{rap Length Penulty: 4
Threshold of Similariiv:

The GAP program auay be uscful with the above parameters. In conain embodicents, the
aforcmentioned parameters are the default parameters for polypeptide comparisons (along

with no penalty for end gapy) using the GAP algorithm,

The term “naturally ocourring,” as used w refor w amino geids. rofers to the
twemy conventional amivo acids, See bwmunologn--4 Syurhesis, 2nd BEdhion, (E. S.
Guluo and D. R. Geen wds,). Simauer Associates: Sunderland, MA (1991}, incorporated

herotn by reforence for any purpose,

Peptide ansdogs are commonly used in the pligmacentical industry as gop-pepiide
drugs willl properties andlegous to those of the wplate peptide,  These iypes of non-
meptide compounds are rermed “peptide mimetics™ or “peprdonmimetics”. Sae Tauchere
(1986), ddv. Drug Kes. _15:29; Veber & Treidinger. 1985, TINS p.392; and Bvans e o,
{1987), L Med. Chem. 30:1228, which are incorporated hercin by reference for uny
pumpost, Such compounds are eftep developed with the aid of coinpurerized moleeutar
moddding. Peptide mimeties that are structurally similur to therapeuticaliy uscful pepiides
may be wsed to produce o similar therupeutic or prophylactic effect.  Cenerally,
peptidomimctios are structurally simiiar to a paradigm  peptide or palypeptide (e, a
pepude or polspepiide that has  blochemical property or pinurnacological uctivity’. such

as human antibedy, but bave one or mere peptide linkages optionally replaced by @
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linkage selected from: -CHp-NH-, -CHy-S-, -Ctjp-CHy-, -CH=CH-{cis and trans), -
COCH,-, -CH{OWYCH;z~, and «CI;S0-, by methods well known in the art. Sysiematic
substitution of one or more wnino acids of & consensus sequence with & D-amivo acid of
the same 1ype (e.g., D-lysine in place of L-lysine) may be used in coriain embodiments to
5  generate more stable peptides. In addition, construined peptides comprising a consensus
sequence or a substantially identical consonsus soquence variation may be gencrated by
motheds known in the art (Rizo & Giernsch, 1992, Aan. Rev. Biochem. 61:387,
meorporated herein by refureuce for any purpose), for esample, by adding internal
cysteine residues capeble of forming intramoiccular disulfide bridges which cyclize the
10 peptide.

*Antibody" or "antibody peptide(s)” rofer to an infact antibody, or a hinding
fragment thervol that competes with the intact antibody for speeific binding end includes
chimerie, hunanized, fully human, and bispeeific antibodies, In cortain embodiments,
binding 'ﬁ‘agmcnts gre produced by recombinunt DNA technigues, In additional

15 emmodirents, bimding fragments ave produced by enzymatic or chemical cleavage of
intact antibodies. Birding fragments includs, but are not innted to, Fab, Fab', F(ah')y, Fv,

and single-chain antibodics,

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

having suificient variable region saquence to conler specilicity for IL-1R1. A full-length

200 heavy chain includes a varable region domain, Vi, and three consiant region domains,
Cul, G2, and Cy3. The Vy domain is at the amino-terminus of the polypeptide, and the

C+3 domain iy at the carboxyl-terminus,

The term “light chain” inchides u full-length fight chain and fragments thereof
having suificient variable region sequence {o confer specificity for 1L-1R1, A full-lengih
25 light chuin includes a variable region domain, Vr, and a constant regiou domein, ¢y, Like
the heavy chain, the variable fegion domain of the light chain i at the amino-teuminus of
the polypeptide.
A “Rab fragment” is comprised of one light chain and the Cgl and vuriable
regions of one heavy chain. ‘The heavy chain of g Fab melecule cannot form & disulfide

bond wisth another heavy chain molecule,

ol
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A “Hahy fragment” contains one light chain and one heavy chain thut coniains
more of the consiant region, between the Cy? and ;2 domaing, such that an inierchain

disulfide bomi can be formed between two heavy chaing to form a F{gb™); molecule.

A “Plab?); fragment” containg two light cheins and {wo heavy chaios containing a
poriion of the consiant region between the Cul and Cp2 domains, such that an interchain

disulfide bond is formed between two heavy chains.

The *Pv region” compriscs the variable regions from both the heavy and light

chains, but lacks the conslant regions,

“Single-chain antibodics™ are Fv molecules in which the heavy and light chain
varishle regions have been connected by a flexible linker to form @ single polypeptide
chuin, which furms an antigen-biuding region.  Single chain antibodies are discussed in
detaii in Iorernationul Patenmt Application Publication No, WO 88/01649 and 115, Patent
Nos. 4,946,778 and 3,260,203, the disclosures of which are incorporated by reference for

any nurpose.

A “bivalemt antibudy” other than a "multispecific™ or "multifunctional” antibody,
in certain embodiments, is understood fo comprise binding sites having identical antigenic

specilicity.

A “bispecific”™ or “bifunctional” artibody is a hybrid antibody having two
dificrent heavy/light chain pairs and two differem binding sites. Bispecific antibodies
may be produced by a variety of methods including, but not limited to, fusion of
hybridonzas or linking of Fab' frapnents. Sue, e.g., Songsivilai & Lachmann (1990), Clin.
Exp. Tminunol. 79:315-321; Kostelay et ol (1992), J. Immunol. 148:1547-1553,

In assessing aptthody binding and specificity according fo the inveniion, an
antibody “substantially inhibits” adhesion of a ligand to a rceeptor when an excess of
atibody reduces the quantity of receptor bound to counterreceptor by a* least about 2095,

40%, 60%, 80%, 85%, or more (as measured in an in vitre competitive binding assay),

The term "ageni" means 3 chemical compound, & mixture of chemical compounds,

a hivlogical macromoleculc, or an exiract made from biclogical materials,

The werms "label” or "labeled” refers o mcomporation of a detestable maarker, 4.,

by incorperation of a radiolabeled amino acid or attachment to a polvpeptide of hiotin
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moiciies that can be detected by marked wvidin (e.p., streptavidin preferubly comprising «
detectuble marker such s a fluorescont murker, a chemiluminescent varker or an
enzymatic scuvity il con be defecled by optical or colorimetric metheds). Tn cerain
embodiments, the Iibel cun 2lso be thernpeutic,. Various nicthods of lubeling
polypeptides and glvcoproteins are known in the at avd may be used advantogeousiv in
the methods disciosed herein. Examples of Tabers for polypeptides include, but are net
lroited ’ao, the following: radioisotopes or radionuclides {z.g.. 'H, "C W\ ¥, 7y,
e, P, LD, fluorescent labels (eg. fluorescein Esat'uiocymaw (Frecy.
thodumnine, or lardhauide phosphors), cnzymatic labels (e.g., horseradish peroxidase. 5-
galaviosidase, luciferase, alkaline phosphatase), chemiluminescent [2hels, hapien Izbels
such as biotinyl groups, and predeterminad polypepuide epitupes recognized by &
seeondary reporter {o.g., lenchie zipper pair seguences, bimding sites for secondary
antibodies, wetal binaing domains. epitope tagsi.  In cerida embodiments. lohels are
attached by spacer wrms (such as (LT, where n 2 shom 205 of vartous lenghs 1o rediee

notenrial sterie Bindrance,

The ferny “biglowica] sumple™ includes, but is not Hmited 1o, anv quantity of a
substance fronz a Living tiung or formerly living thivg, Such Hving things inctude, but are
not Jimited jo. humans, mice, monkeys, rais, rabbils, and othor aunimais. Such subsuuwes
include, but are not Bimdted to, blood, serom, urine, cells, orpans. iissues, bone, bone
mearrow, Ivioph. Iymph nodes, synovial dssue, chondrocytes, symovial macrophages,
onduthelial colls, vaseular tissue (particularky inflamad vaseulur dssnc), and skin. The
tezmis “phummaceutical agent” and “drug" reter to a cheinical compound or corpusition

capable of iducing 2 desired ﬁzcmpeutéc, effect when propesly administered to a paiient.
The tenn “patient” inslides human and animal subjevts

Unloss otherwise regquired by coniext, singuiar terms shall include plurolities and

plural tenms shall inclade the singular
Amino Acidy

The twenty naurelly-ocomring armino acuds and their abbreviztions follow
conventlounal usage. See Imonmology--A Swuthesds, 2nd Editon, (B, 5. Golab und DL R,
Cren, edw). Sinsuer Associates: Sunpderdand, MA (1991, incowporeted herein by

reference for wny purpose.  Siereoisomers {eg. neamino acids) of the twemy
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conventional amine acids, unnatural amine acids such as o-, o-disubstituled amino acids,
N-alkyl amine acids, and other unconventional amine ucids may also be suitable
compongnts for polypeptides of the invention. Lxamples of unconventional amino acids
include:  4-hydroxyprofine,  y-curboxyglutamats, - NN N-rimothyllysine,  e-N-
acelyllysine, O-phosphoserne, N-acetylserine, N-formylmethioning, 3-methylhistidime, 3-
bydroxylysine, o-N-methylerginive, and other similar amite aclds and imino acids (e.g.,
A-hydroxyproling). Tn the polypeptide notation used herein, the lefi-hand dicection is the
amino terminal direction and the right-hand direction i the carboxyl-terminel direction,
in aceordance with standard usnge and convention.

Similarly, unloss specified otherwise, the left-hand ond of single-stranded
polynucleotide scquences is the 3' end; the lefi<hund dicection of double-stranded
polynucleotide seouences is reforred to as the 5 dircetion The direction of 8 10 3
addition of nascent RNA Ganscripls is refored fo as the transoripiion direction; sequcuce
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 "upsireamn sequences”; sequence
regiong on the DNA strand havisg the same sequence as the RNA. transeript (hai are 3’ {o
the 3' end of the RNA transeript are reforred to as "downstream sequences”.

Naturally vcenrring amine acid residucs may be divided into classes based on
conunon side chain propertics:

1} hydrophobic: norfancine (Nor or Nle), Met, Ala, Val, Teou, Tle:
2) neniral hydrophilic: Cys, Ser, Thr, Asn, Gl
3) acidic: Asp, Glu;
45 basic: His, Lys, Arg
53 residucy that influence chain orlentation: Gly, Pro; and
6) aromatic: Trp, Tvr, Phe.

Conservaiive amino acid subgtitutions may involve exchangs of 2 wember of ons
of these classes with another member of the same class. Conservative amino acid
substitutions may encomipass non-nawrally occuming wnino acid residues, witch are

typically incorporated by chenical peptide synthesis rather than by synthesis in biclogical
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sysiems. Thess include peptidomimetics and cther reversed or inverted forms of amine

acid moleties,

Non-conservative substitutions may involve the exchange of & member of one of
these classes for a member from avother class.  Such substitwed residucs may be
introduced, for example, into reglons of 2 human antibody that are homologous wilh non-

homan aatibodies, or into the non-homologors regions of the molecule.

In making such changes, according to certain embodiments, the hydropathic indox
of amino acids may be considered, Each amivo acid has beon assigned a hydropathic
index on the basis of its hydrophobicity and charge characteristics, They are: isoleucine
(+4.5); valing (4.2}, leucine (+3.8); phunylalanine {+2.8); cyseinevystine (—2.5%
methionine (11.9); alenine (+1.8); glywine (-04): threonine (~0.7); serine (-0.8)
tryptophan (-0.9); tyrosing (~1.3); proline  {-1.6); hislidine (-3.2); pghutumate (-3.5);
glutemine (-3.5); aspartzte (-3.5% asparagine (-3.5); Lvsine (-3.9); and arginine {-4.5},

‘The importunce of the hydropathic amino acid index in conlerring interaciive
biological function on a prolein is understood in the art (vee, for examiple. Kyte et al.,
1982, J Mol Bisf 157:105-131), ¥ is known that cextain amine acids may he substituted

for other amino acids having a similar hivdropathic index or score and still retain a similar

biological activity. Tn making changes based upen the hydropathic index, in certain

embodiments, the substitution of amino acids whose hydropithiv indices are within 42 iy
weluded, In certain embodiments, those that are within =1 are included, 2ad in certain

embodiments, those within #0.5 are included.

It is alse andersicod in the art that the subsiitution of like amino acids can be
made effectively on the basis of hydrophilicity, particularly where the biclogically
fonctional profein or peptide ihereby created is imtonded for uwse i immumolegical
embodiments, as disclosed herein.  In cortain embodiments, the greatest local averuge
hydrophilicity or a proiein, as govemed by the hiydrophilicity of its zdjacent amino acids,
correlates with its inununogenicily and antigenisity, L.e., with a biological property of the
profein.

The foliowing hydrophilicity values have becn assigned to these aminog acid
residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0 % 1); glutamate (+3.0 <& 1); serine
(10.3); asparagine (+0.2); glutanine (+0.2); glycine (0); threonine (-0.4); proline (-0.5
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1); alenine (-0.5); histidine (-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
certain embodiments, those that are within 1 gre included, and in certain embodiments,
those within =0.5 are included. One may also identify epitopes from primary amino acid
sequences on the basis of hydrophilicity. Thesc regions are also referred to as "epitopic
core regions.”
Bxemplary amino acid substitutions are set forth in Table 1.

Table 1
Amino Acid Substitutions
Original Residues Exemplary Substitutions Preferred
Substitutions
Al Val, Len, Ile Val
A Lys, Gin, Asa Lys
Asn Gin Gin
Asp Ghn Ghu
Cys Ser, Ala Ser
Gin Asn Asn
Ghu Asp Asp
Gly Pro, Ala Ala_
His Asn, Gln, Lys, Arg Atg
Phe, Norleucine
Norleucing, ile, ‘
Leu X::'.M:" ‘Aln, Phe e
1,4 Diamino-butyric
v Acid, Gin, Ast Arg
Met Leu, Phe, e s i Leu i
Phe 11.;:. Val, Ile, Ala, .
Pro Ala Gly
Ser The, Ala, Cys Thr
Thr Ser Ser
- Tip Tyr,Phe Tyr
Tyr Trp, Phe, Th, Ser Phe
Lic, Met, Leu, Phe,
L - Ala, Norleucine Lea

A skilled artisan will be able to determine suitable variants of polypeptides as set
forth herein using well-known techniques. In certain embodiments, one skilled in the art
mayidmﬁﬁrnﬁublcamuofthcmoleculoﬂmtmybechangedwithomdmﬁng
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aclivity by twargeting regions not helieved o be haporntant for actvity, In other
ambodiments, the skilled artisan can identify residues and portions of the molecules that
are conserved arnong simike polypepiides. In further embodiments, even ereas that may
be iruportant for biological activity or for steacture may be subjeet 10 conservayve amino
acid substitutions without desiroying the biological activity or without adversely affecting
the polypentide structure.

Additionally, one skilled in the arl can review structwe-iimetion studies
ilentifying residues in similar polypeptides that are important for activity or siructure. In
view of such a comperison, the skilled ertisam cav predict the importance of amino acid
residues In g protein that correspond 1o amivo scid rosiducs ipportant for agtivity or
structure in similar proteins. One skilled in the art may opf for chendcally sitilar amino

acid substitutions for such predicted important amino acid residues.

One skilled in the art can also analyze the three-dimensional srructure and amine
acid sequence in relation fo that strecture in similar polypepiides.  In view of such
information, one skilled in the ot may predict the aiignment of amine acid residues of an
aniibody with regpect to its three-dimensional sirvcture,  In certzin ewbodiments, one
skifled in the ari may choosc to not muie radical changes {0 awino acid residues predicted
to be on the surface of the prowin, since such residues may be ipvolved in imporiani
mieractions with other molecules. Morcover, one skilled in the art may geoevate test
variants contaiting a single amine acid substitution at each desired amino acid residuc,
VT variants can then be screencd using activity assavs known to those skilled in the ar,
Such varients coudd be used to gather information about suitublie variauts, ot exampile, i{
one discoverad that a change to a particular amino acid residue resulled @ destroyed,
undesivebly reduced, or unsuitabie sctivity, variants with such a change can he gvoided.
In other words, based on intormation gathered from such routine experiments, one skilled
in the art can readily deternine the emivo acids where further subsiitaiions should be

avoided cither alone or in combimation with other mutations.

A nuomber of scientific publications have beer: devoted to the predietion of
secondary strucwave.  See Mouli, 1996, Currs Op. in Biotech, 7:422-427, Chou et al.,
1974, Bivchemistry 13:222.245; Chon of o, 1974, Biochemistry 113:211-232; Chou ez
al., 1578, ddv. Enzymol, Relat, dreus Mol Biol, 47:45-148; Chou et al., 1979, Ann, Ruv.
Biochem, 47:251-276: and Chow et al., 1579, Biophys. J. 26:367-384.  Moreover,
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compatier programs are currently availuble {0 assist with prediciing secondury stuctore
Ong method of prediciing secondary structuro is hased upon homwlogy modeling. For
example, two polypeptides or proteins thut have a scquence idenrity of greater than 30%,
or similarity wreaier than 0% often have similar siractural topologies. The recens growt

of the protoin strnctural database (PDB} has provided enhaoced predictability of
secondury structure, includhing the potential number of folds within 2 polypentide’s or

.

prowin's structure,  See Holm et ai,, 1999, Nuel, deid Rey, 27:244-247, Tt has been
suggested (Brenner of ol 1997, Cyrr. Op. Seruct. Biol, 7:369-376) that there are a limited
nzmsher of folds in & given polypentide or profein and that ouce a criticel number of
siructwres tave been reselved. structural prediction wiil become dramatically more

ACCUaic,

Additional methods of predieting secapdary sivucture inciude “threwding” (Jopes,
1947, Cure. Opin, Soruce. Biol, T:377-87; Sippl et «l., 1996, Strucrure 4:15-19), "profike
andbysis” (Rowie ot al,, 1991, Scicnee 253:164-170; Guibskov o wh, 1990, Medr, Enzvm,
183:146-159: Gribskov er al, 1987, Proc. Nuto Aead. Sei B4:4355-4388). aund

"evolutionary linkage” (See Holw, 1999, supra; and Brenner, 1957, supra).

Tn cenain embodiments, mtibody vanants include plycosylation variants whercin
the number and/or tvpe of glycosylaion siwe has been wltered compared to the anne acid
seyuences of the parent polypeptide. In certain cmbodiments, protein vioiants comprise &
greater or « hesser mupher of N-linked givcoaylation sites than the native profein. An N-
linked ghysosviution sile s characierized by the scguencs:  Awn-X-Ser or Asn-X-Thr,
wherein the amino acid residue desiynated as X may be any amino acid residus oxcept
proline, The substination of amino acid residues fo ereaws this scquence provides u
potential rew »ite for the addition of an NWlivked carbohwirate choine Altermuively,
subatimtions that climinate this sequence will romove un existing Nelinked carbohwdnuie
cham. Also provided is 2 rearrangement of N-linked carbohyidrate chains whercin one or
more N-tinkad glycosylation sites (typically those that wre naturally occumug) are
eliminated aud ouc or more new N-linked sites are created. Additional preferred untibody
vardirds incaade eysteine variants whercin ong or more cvsteine residuss are deleied from
or suhstitited for another aruito acid {e.g. soring) compared 1o the parent amine acid
sequence.  Cysteine varrants may be vaeful when antibodics must be refolded ino a

minlogically active conformaton such as afier the isolation of inseluble inclusion bodies.
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Clysteine variants generally have fower cvsteine residucs than the native protsin, and

typicaily have an oven mwnber to minimize interactions resuliing from vnpeired cysicines,

According to certain cmbodiments, amino acid substitutions are those that: (1)
reduce susceptibility fo proteolysis, (2) roduce suscepiibility 1o oxidetion, (3) alfer
binding affinity for forming protein complexes, (4} alter binding affinitics, and'or (5)
copfer or maodity other physicochemical or funcional propertios on such polypeptidos.
According to cortain stubodiments, single or mrultiple amino acid substitutions {in certain
pocurring scguence (in cortain embodiments, in the portion of the polypepride ouiside the
domain{s) forming intermolecular contacts). I proforred embodiments, a conservitive
amino  acid subsutntion wpically does not substuntially change the  structural
characreristics of the parent ssquence {e.g., 3 replacement amino acid should not tend to
break a helin that occurs in the parent seguence, or disrupt other iyvpes of sccondary
structure that characterizes ibe parent sequence). Examuples of art-recognized polypentide
cerondary and tertiary stugtuves are deseribed in Protedny, Structieres and Moleeular
Principles, (Creiglwon, ed}, 1984, W. Il Precwan and Company, New York;
Imtroduction to Protedn Strecture (C. Branden and I, Tooze, eds), 1991, (addand

Publishing, New York, N.Y.; and Thernton er al. (1991). Nufure 354:103, soch of which

are ncorporated herein by reference.
Prepuration of Aniibodies

Naturally occurving amibody structural units typieally comprise a tetrarner, Ench
such tetramuer (ypically is composed of two identical patrs of polypeptide chains, sach pait
having one full-length "Hght" chain (typically having a molecular weight of about 23
%Da) and one fall-length "heavy" chain (typically having a melecuiar weight of about 50-

70 k), The amino-terminal portion of each chain typically includes a variable region of

" about 100 to 110 or nwore amino acids that typically is responsible for antigen recognition.

The carboxy-<terminal purtion of each chuin typieally defimes a conslanl region
responsible for eftector funetion. Human light chains are typically classified as kappa
and lambda Yight chains. Heavy chains are typically classificd as mu, delta, gama,
aipha, or epsilon, and define the autibody's isotype as IgM, IgD, IzG, JgA, end gt
respectively, [gG has several subelasses, including, but not limited to, fgG1, 1902, TgG3,

and IpG4. ToM has subciasses including, but not limited 1o, IgM1 and TgM2. IgA is
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stmilarty subdivided into subelasses inchuding, but not Hmited w, IpAl end 1gAZ. Within
fill-length Hght and heavy chains, typically, a “J” region of about 12 or more amino acids
joins the variable region and coustant rogions, with the heavy chain also jncluding a "D
region of about 10 more amino scids. See, e.g., Fundamental Immunology, Ch. 7, 2% ed,,
{Pal, W, ©d.), 1989, Raven Press, N.Y. (incorporated by reference in its entirety for all
purposes). ‘The combination of the varizble regious of cach light chainfheavy chain pair

tvpicklly forms the antigen-binding site.

The variable regions of cach of the heavy chaing and light chains typically exhibit
ihe same general structurs comprising four relatively conserved famewerk rogions (FR)
jolned by three hyper varluble regions. also called complementarity detenmining regiony
or CDRs. The CORs flom the two chains of eech pair typically are aligned by the
framework regions, which aliyorment nay enable binding 0 a specific cpitope. From N-
termimd to Cetermingl, ok light and heavy chain variable regions typically comprise the
domwins FR1, CDR1, I'R2, CDRZ, FR3, CDR3 and FR4, The assignment of amino acids

to each domain is typically in accordapce with the Geliniltons of Kabar Sequences of

Proteins of Immunclogical Iterest (1987 and 1991, National Insiitutes of Ilcalth,
Bethesda, Ma,), Chothia & Lesk, 1987, .7 Mol, Biol 196:901-917, or Chothia er af., 1989,
Natwre 342:878-883).

Antibodics became useful and of inicrest as pharmaccutical agents with the
development of monoclonal atithodies. Moneclonal antibodies are produced using eny
method that produces antibody molecules by continuous cell incy in culture, Exaniples
if suitable methods for preparing monoclonal aotibodics inelude the hybridoma methods
of Kohler ¢f al. (1973, Nuture 256:495-497) and the human B-coll hybridoma method
{Kozbor, 1984, J. Inununol. 133:3001; and Brodeur ¢f al., 1987, Moncclonal dntibody
Production Techniques and Applications, (Marcel Dekker, Inc., New York), pp. 51-63).

Monoclonal untibodies may be racdified for use’as therapetics. One example is 4
“chimeric” antibody in which a portion of the heavy chain and/or Yight chain is identical
with or homologous 10 a corresponding sequence in mtibodies derived from a particular
speeics or belonging to a particuler antibody class or subclass, while the remainder of fhe
cluin(s) is‘are identical with or bomologeus 1o a corresponding sequence in antibodios
dorived from another species or belonging o another wntibody class or subclass. Other
cxamples are fragments of such antibodies, so Jong as they exhibit the desired biological
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activity. Sce, LS. Pawnt No. 4,816,567; and Morison e of. (1985), Proc, Nazi, Acad,
Sed, USA BL:GES1-6835. A related development i3 the “COR-prafted” amibody, in which
the antibody coniprises ome ov more complementarity determining regivis (CDRs) from o

particular specics or belonging to a particular antibody class or subeluss, while the

“remainder of the wntibody chainds) iscare identical with or hamulagous w a corresponding

sequesice M antibodies derived from another specios of belongimg 1o another antibody

class or subelass.

Anpther development is the “bumanized” antibody, Mathods for human’zing non-
human antibodies are well known in the arl.  {Sce TLK. Patenr Nos, 5.585,08), and
3,6893,762), Generully, 2 hunmanized antibody s produced by o nou-hwman acinsal, and
then certain aniino acid residaes, typically from non-untigen recopnizing portions of the
antibody, are modified o be homologous to said residues in o human ontibody of
conresponding isotype.  Humanization cen be performud, for example. using methods
deseribed in the wt Jones ef i, 1986, Nafure 321:322-325; Ricehoumn o ol [48%
Nt 332023327 Verhoeyen r wf, 1988, Seinnce 2301834-1536), by substiuting
least a portion of & redent vartable region for the corresponding regions of 2 human
aniibody.

Meore reecnt and more promising is the developient of human antibodies withour
cxposure of antigen to humen beings (fully humun amibodies™). Using tratsgenic
aninsls {e.g., mic2) that are capable of producing a repertoire of human antibodies n the
shsence of endogenous mouse immunogiobulin production, such antibodies are producad
by immunizatiop with wn agtigen dypically having st ozt 6 contigueus anino acidsy.

Aead. Sei. 1S4 9:2551-2555; Jakohovits of wal. 1993, Nawre 362:255-258; aud

Bruggermam ot af, 1993, Fear @0 Immunol. 7233, In one example of these methods,

optionally conjugated w a camier. Sce, jor example, Jakobovits ef af | 1993, Proe, Ml

irmsgenic  animals  are producsd by incapacitating  the andogerous  mouse
immunoglobulin loci encoding the mouse heavy and jight icvmnoglobuliu chains thercin,
and inserting loei cncoding humen heavy and light chaip preteins o the genome
thereo,  Partindiy modified animals, which have less than the full complement of
medifications, are then cross-bred 1o obtain an znimal having all of me desized Imavine
systern modifications,  When wdministered an immunogen, these ranspenie aninie<

produce antibodics that are fmmunospesific for these witigens having human {rather tua
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muring) amine acid sequences, including variable regions,  Sge PCT Publication Nos.
WOUGA3735 and WO94 02602, incorporated by refereswe,  Additional methods e
desaribed  in 108, Patend Mo, 3,545,807, PCT VPublicalion Nos. WOSIHT0741.
WONOHNG, and in BP 54007381 and LD S46073A1, incorporated by reforonce.
Humun sntibodies may atso he produced by the expression of recombinant DNA in host
cefls or by expression in hybridoma cclls as described herein.

Fully human antibodies can also be produced rom phuge-display librancs {as

disclused in Hoogenboom e af., 1991, Mol Biol 227:381, and Marks ef o, 1901, J,
Mol Riof 222:581). These processes mimic immune selection through the display of
antibady zeperioires on he surfice of filamentous bacteriophage, and subscquent
sefection of phage by their binding to ot apligen of choice. One such technigque is
desevibad in PCT Pubivation No.o WOO9/13494, incorporated by reference, which
desertbes the isolation of high aifinity and funciional agenistic antibodies for MPL- und

n1sK- roceptors using such wi approuch

Onee the nucleotide seqguenees encoding such antibodies have been determined,
chimerie, CDR-grafted, mmaniged, and fully homan antibodies also may be produced by
recotnbinznt mothods. Nocleic acids encoding the aetibodies are introduced into host

colls und expressed ustng marterials und procedures penerally known in the art.

The jnventon provides one or a plurality of fully hunan monocionad antibodies
against homan IL-IR1. Preforcbly, the antibodizs ind the third domain of TL-1RT. Tu
prefesred cmbodiments, the invention provides nucleotide sequences encoding. and amine
acid  scquences comprising, heavy and light chain  impumoglobulin molecules,
purticularly sequences corresponding 1o the varisble regions thereof. T prefemred
sahodiments, sequences corresponding to eomplementaity detesmining reglons {CDR '),
speorfically from CDR1 through CDR3, are provided.  In udditional preferrcd
embudinerts,  the  Jwvention  provides hybridoma ool lines  expressing  such
immupogiobulin moleenles and monoclonal anubodies produced sherefrom. most

preferably purified human iponockmal antibodies against human 1L-1R1,

The ability to clonc and reconstruct megabase-sized human loei in yeast artificial
chiromosomes {(YACs) und 1o introduce them into the mouse germline provides an
advantazeous approach to elncidating the functional components of very large or erudely

mapped loci as well as penerating vseful models of human discase.  Fucthermore. the
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utthzation of such lechnology for substitution of mouse loci with their human eguivalents
provides unique insights into expression and regulution of human gene products during
developmeni, their compnunication with other systems, and their involvement in diseasce

inducticn and progression,

An important practical application of such a sirategy i the "humanization" of the
mouse hurgoral immune system,  Introduction of human innmunoglobulin (Ig) lodi inta
mice in which the endogenous Tg genes have been insctivated offers the opportenity to
study the mechanisms underlying prograzuned expression and assembly of antibodies as
well as their role in B-cell development. Furthermore, such a siralegy provides a vource
{or prodaction of fully hnman monoclonal anlibodics (MAbs), pacticularly for use as
therapeutic sgents. Fully huian antibodies are expected 1o minimize the immuuogenic
and allorgic responses inirinsic to mouse or mouse-derivatized Mabs, and to thereby
increase the efficacy and sufety of administered artbodies in therapentic applications.
Fully human antibodies vau be used in the iroatment of chronic and recurring human
disvases, such as osteoarthritis, rhonmeatold arthiritis, and other inflarma’ ory condiions,

the treatment thereof requiring repaared antibody adnpnistration,

One skilled in the art can cugineer mouse strains deficient in mouse antibody
production with large fragments of the haman [ loci so that such mico produce human
artihodics in the absence of mouse antibodies. Large irman [g fragments may pressrve
the large varlabls gens diversity as well as the proper regulation of antibody prodaiction
md cxprossion, By exploiting the mouse machinery for antthody diversificaton and
sclection and the Jack of immunological tolerance to human profeins, the reproduced
Imman antibody repertoire in these mouse strains vields high affinity antibodics against
any aniigen of jutorest, including human atigons. Vising the hybridoma fechrology,

antlgen-specific hurman MAbDs with the desired specificity may be prodaced and sclected.

In certain embodituents, the skitled artisan can use constaclf regions Jom species
pihor than human along with the human varable region(s) in such mice 10 produce
chimeric antibodies. The uniibodies of the invention can he produced by immunizing
such animals with full-length H~1R1, soluble forms of IJ~1R1, or a fragment ihereof.

See, for exmnple, Internatioual Pateut Application, Publication WO 93/12227).

The CDRs of the light and heavy chain variable regions of anti-IL-1R1 antibodies

of the invention can be wrafled to framework reglons (FRs) frem the same, or another,
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species. i cerain embodiments, the CDRs of the light und heavy chain varizble regions
of anti-11.-1R1 amibody may be walied to vonscusus hunum FRs. To create consensus
Inuman #Rs, FRs from several human heavy chain or livht chain amino acid scquences are
aligned o identify a consunsus amino ucid sequetice,  The TRs of the andi-IL-1R1
antibody huavy chain or light chain can be replaced with the FRs from 4 difierent heavy
chuin or Jight chain. Rare amino acids in the FRs of the heavy and light chains of anti-1l-
{R] antibody iypicelly arc not replaced, while the rest of the FR amino acids can be
replaced. Rare amino acids are specitic amine acids that are in positions in which they
sre not gsnally found in YRe Uhe wrafied variaple regions from anu-TL-1R 1 antivodies of
the invention can be used with a constant region that is difterent from the constant region
af anti-11-1R1 antibody. Altematively, the prafied variable rogions are part of a single
chain ¥v amtibodv, CDR grafling iy dsseribed, eg., in U8, Patent Nos, 6,180.370,
693,762, 5,693,761, 55R3.085, and 5,530,101, which are hereby incorporated by

reference for any pumose.

I cenzin embodiments, the invention provides anti-TLI-R1 antibodies that
comprise u human heavy cham CDR1 region having an winino ackd sequence of SEQ ID
NO: 61, sEQ TD NO: 62, or SEQ 1D NO: 03; a humen beavy chain CDR2 region having
#n amino acid sequence of SEQ TD NO: 64, SEQ 1D NO: 03, or SEQ I KO 66; andior a
human heavy chain CDR3 region having an amino geid sequence of SEQ ID NO» 67,
SEQ ID NO: 68, or SEQ ID NO: 69,

Tn other embodiments, the inveniion provides anti-IL1-R1 antibodies that
comprise a human light chain CDR1 region having an amino acid sequence of SEQ 11
NG: 70 or SEQ ID NO: 71; 2 human heavy chain CDR2 region having an amino acid
sequetce of SEQ Y NO: 72 o0 SEQ TD NO: 73. andior a hunan heavy chain CDR3A

rogivn having an amine acid scquence of SEQ WD NCY: 74 or SEQ T NO: 73,

Antibodies of the wvention are preferably prepured using fransgenic mice that
have & substantial portion of the human amibody-producing locus inserted in antibody-
producing cells of the wice, and 1hat sre Surther engincered 1o be deticient in producing
endogenons, murine, antibeddics.  Such nmice are capable of producing huan
immunoglobu'in melecales and amibodies aad do not praduce or produce substantially
reduced amounts of murine imunoglobulin molecules and antibodies.  Tevhnologies
utilized for achisving this result are disslosed in the putents, ai:plic&tions, and roferences
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disclosed in the specification heretu. In preferred embodiments, the skilled worker may
cmploy methods as disclosed in tutemnational Patent Application Publication No, W0
YR/24893, which is herchy incorporated by reference for any purpose. See also Mendez
o al., 1997, Natwre Genetics 15:146-156, which is hereby incorporated by refercnce or

ANy puIpose.

‘The moneclonal antibodies (MAbs) of the invention cen be produced v a varisty
of techniques, including conyeutional monoclonal antibody methodology, e.g., the
standard somatic cell hybridization technique of Kohler und Milstoin, 1975, Natwre
256:493. Although somatic cell hybnidization procedures are preferred, in principle, other
techaiques for producing menoclonal antibodics can bo emploved, a.g., viral or eucogenic

teansformation of B-lymphocyies.

In & preferred embodiraent, human monocloual antibodics directed against IL-1R ]
can be generated using mico reforred to as “ThiMab” mice, contain a human
mpunoglobulin gene minilocus that encodes unregrringed humen vy (0 and 73 and &
light chain immunoglobutin sequences, togother with targeled mutations that inactivate
the endogenouns g and « chaiu loal. Lonberg er al. 1994, Nange 268:856-839,
Accordingty, the mice exhibit reduced expression of mouse IgM or « and in rosponse o
‘mmunization, the introdueed human heavy and light chain transgencs underge class
switching and somatie nwatation to generate high affinity buman 1gG « monoclonal
antibodies. Lonberg ef «f, suypra; Lonbery and Huszar, 1995, Tntern. Rev. Tmumned,
13:65-93; Harding and Lonbery, 1993, Ann. N.Y. Acad Sel 764:536-546.  The
preparation of TluMab :nice is desoribed in detail in Taylor er al, 1992, Nueleie Acids
Res, 20:6287-6295; Chen of al., 1993, buernational Tmmunology 5:647-636; Tuzillon of
Gl 1994, 0 Tmmeunel, 1582:2912-2920; Tonberg et al, 1994, Namre J08:856-859,
Lonberg, 1994, Handbook of Exp. Pharmacology 113:49-10%; Taylor ef al, 1994,
International Imnwmolng; -6:579-391; Lonberg & Huszar, 1995, ntern. Rev. Imnol
13:65-93; Harding & Lonberg, 1995, dnun. N.Y. Adcad. Sci 764:536-546; Pishwild ef «l.,
1996, Nuure Biotecknology 14:845-851, the contenis of all of which wre herchy
incorporated by reference in their entively. See further ULS, Patent Nos. 5,545,800;
2 569,825, 5,625,126; 3,633,425 5,780,650, 5,877,397, 36061016, 5,814.318; 5,874,254,
and 5,770,429; alt to Lonberg and Kay, as well as U.S. Patent No. 5,545,807 o Surani ef

al; Internationa! Patent Application Publication Nos, W0 9371227, published June 24,
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1993; WO 92/22646, pablished December 23, 1992; and W0 92/03518, published March
19, 1992, the disclosures of all of which arc hereby incorporated by reference i thew
entirety. Alternatively, the HCo7 und FICe12 transgenic mice strains described in the

Exammles below can bo used to genvrate human anti-IL-1R1 antibodics,

Advantageously, fully human moneclonal amibodies speeific for TL-1R1 are
procuced as follows.  Transgenic mice cortaining human immunoglobulin genes are
finrunized with the T-1R1-related antigen of interest, Lymphatic cells (such as B-cells)
trom the ruice that express antibodies are obtained, Such recovered cells are fused with a
myveloid-type ecll line to prepare immortal hybridoma cell lines, and such hybridoria cell
lines are screened and selected to Wentify hvbridoma cell lines that produce antibodies
specific to the antigen of interest. In certain embodiments, the production of a hybridoma

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

In preferred embodiments, anfibodies of the invention are produced by hybridoma
lines. In these embodiments, the antibodies of the fovention bind to 1L-1R1 with a
dissociation constant (K} of between approximately 4 pM and 100 pM. In coertain
cmbodiments of ‘he invention, the untibodiss bind to IL-1R1 with a K, of less than about
20 pM. In other embodiments, the antibodies of the invention bind to the third domain of
TL~1R1. The mucleoiide and amino acid sequences of the third domain of human and rat

11.1-R1 are shown in Figors 17,

In preferred embodiments, the antibodies of the inveniion are of the IgGl, Tp(:2,
or 1gG4 isotype, with the [gG2 fsolype mos preferred. In preferred embodiments of the
tavention, the anubedics comprise a friman kappa lght chain and a human IgGl, TeGo,
or 1G4 heavy chain. In puriicular embodimems, the variable regions of the antihodics
are ligated io a constant region other than the constant region for the [5G 1, 19G2, or IpG4
isotype, Tn certain embodiments, the antibodies of the invention have been cloned for

exprossion in mammalian cells.

In cerain embodiments, conscrvative amino acid substitutions to the hewvy and
tight chains of anti-ll~1R1 antibody (and corresponding modifications to the encoding
nucleotides) will produce anti-IL-1R1 antibodies having functional and chemical
charscieristics similar ®© those of anti-IL-1R1 antibody. In conirast, substantial
madifications in the functional and/or chemical characterisiics of any-IL-1R1 antibody

may be accomplished by sclecting substitutions in the amine acid sequence of the heayy
”»
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and Jight chuing that difier significantly in their effect on maintzining (&) the structure of
the molecular backbone in the arca of the substittion, for example, as a sheet or helical
conformation, {b) the charge or hydrophobicity of the molecule at the tarect site, or (¢}
the bulk of the side chan,

For exsmple, & "conservative amino acid substitution” may involve a snbsttution
of a native amino acid rosidus with a nonnative residue such that thers is Hittle or no effevi
on the polerity or charge of the umino acid residue at that position. Furthermore, any
native residue in the polypeptide may alse be suhstitnted with alanine, as hus been
previously described for "alanine scanning mutagenesis™ (Wells, 1991, Methods finzvinol,
202:390 (ed. J.J. Langone), Academic Press, London).

Desired amine acid substifutions (whether conservative or non-conservative) can
be determined by those skilled in the art at the Hime such substitutions are desired. In
certain enthodiments, amine acid substimtions can be wied to identify importent residuss
of anti-f-1RY antibody, or to incresse or decrease the affinily of the anti-IL-1R1

antibodies deseribed herein.

In alternative embodiments, aniibodies of the invertion can be expressed in cell
lines other than nybridoma cell lines, In these embudiments, sequences cneoding
particulir antibodies can be used for transformation of o suituble mammalian host cell,
According to these embodiments, {rensformation can be achioved using any known
method for ntreducing polynucleotides into a host ccll, including, for exampie packaying
the polynucleotide in a virus {or fufo a vival vector) and transducing a host cell with the
virus {or veclor) or by transfeciion procedures known in the ert, Such procedures are
exemplificd by U.S. Pat, Nos, 4,399,216, 4,912,040, 4,730,461, and 4,959,455 (all of
which are hercby incorporated nerein by reference for any purpose).  Generzlly, the
ranaformution procedure used may dopend upon the host to be transformed. Methods for
reroducing heterologous polynucieotides into mammalian cells ave well known in the axt
and include, but are not Timited to, dextran-mediated iransfection, caleium phosphate
precipitation, polybrene meodiated transfection, protuplast fusion, electroporition,
cocapsulation of the polymucleotide(s) in Hposomes, and dircet microinjection of the
1DNA into nuclel.

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

molecule cncoding the amino acid sequence of a heavy chain constant region, a hcavy
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chain veriuble repion, a light ¢hain constani regian, or a light chan variable regicn of an
TL-1R1 antibody of the invention is inscried into an appropriate CXpression veelur using
stavdard Hyation techuiques, n a preiorred embodiment, the [L-1R1 heavy or light chain
constant repion is appended to the C-terminus of the appropriate variable region wnd is
figated into an expression vector, The vector is typically selected to be functional in the
particnlar host cofl cployed (i, the vecior is compatible with the hiost cell muchimery
such that amplification of the gene andor sapression of the gene can vccurh, For a
review of cxpression vectors, see. Gooddel {ed.), 1990, vk, Encymol. Vol. 185,

Acwlemic Press, NUY.

Typleaity, exprossion vectors used in any of the host cells will contain svquences
for plesmidd maintenance and for clonieg aud expression of exogenous nuelgotide
sqaences.  Such sequences, volloctively referred to as “flanking scquences” m vertain
embodiments will typically irclude one or more of the followiry nucleotide seynences: a
promoter, one or more crihyncer sequences, an arigin of replication, a {ranscriptional
terrinaticn sequence, & compicle ntron sequence commning a donor and acceptor splice
site, & sequence encoding a leader sequence for polypeptide secretion, a ribosome binding
site, o polvadenylution sequence, a polylinker region for imsorting the nucleic acid
encoding the pelypept’de to be expressed, aud a selectable nuwrker element. Each ofthese

sequences is discussed below,

Optionally, ihe wvector may contain a “ag’-encoding seguonee, Le, an
oliponuclentide maelecuks located af the 57 or 3% end of the T1-1R1 polypeptide ceding
sequence; the oligonucleotide sequence encodes polyHis (such as hexalTis), or mother
“rag” such as FLAG, HA (homaghatizan influenza virash or myve for which ecommacially
available antibadics exist. This tag is typically fused 1o the polypeptide upan espression
of the polypeptide, and can serve as a rueans for affinity purification or detection of the
H-IRL antibody frem the host cell, Affinity purification can be accomplished, for
exumple, by colunm chromatography using amibodics against the tag as an affivity
matrix.  Optionuliy, the tag vun subscquentdy be removed from the purified 11 -IR]
polypeptide by various means such as using certain peptidases for cleavage,

Flinking sequences may be homologous (i.e., from the same specics andor strain
as the host cell), heteralogons (e, from g species other than the hoat cell specics or
stramd, hybrid (f.e., a combination of flanking sequences fron, more thun one SOULCS),
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synthotie or native. As such, the source of a flanking sequence may be any proka yolic or
cukaryotic organisn, any veriebrate or invericbrate organism, or any plant, provided that

the flanking sequerce is functiony] in, and can be aetivated by, the host celi machinas,

Flanking scquences usclid in the veetors of this invention may be obtaiued by any
of several methods well known in the art.  Typicully, flanking sequences usalul herein
will have been previcusly wWenttied by mapping undior by restricden endonucloase
tizestion and can thus be fsolated from the proper tissae sowrce using the appropriute
restriction endenucleases. Inosome cases, the full mucleotide sequence of o Nanking
secrence may be koown, Tlere, the flaoking sequence may be svathesized usicg the

methods deserihed herein for nucloio acid synthesis or cloning.

Where wll or only o portion of the fanking sequerce 14 known, it mas be ohiained
vsing pobyiacrage chaim reaction (PCR)Y andior by sorcemag o genorce library with a
suitable probe sueh as an oligonucleotide and/or fanking scqueniee tragmen: from the
suptse of another speeies, Where the flunking szquence is not known, 1 traonent of DNA
contaiving @ flanking sequence way be solated iror a Jarger piece of DNA that may
coniain, for exxenple, o coding sequence or even 2nother gene or genes, [soletior may be
acvomplished by restriction endonuclease digestion o produce the proper DNA fragmenmt
followed by isolation using agarose gel purification, Qiagen® column chronudography
{Chatsworth, CAJL or other mothods known to the skilled artisan, The selectin of
suitable cuzgines ‘o wecomplish this purpose will He readily apparent 1o one of ordingry

skilh i the ol

A origin of 1eplicaion is typically a part of thase prokaryelic expression veetors
putchased commerciaily, and the origin aids in the amplification o the vevior in « host
cell, If the vector of choiee dous not contain 2n origin of replication site, one may be
¢hemically syntbesizad based on a keown seguence. and Hgcted mtn tie veenwn, For
example, the origin ol replication from the plasmid pBR32Z {(Now Ungdand Buolabs,
Buverly, A1A) is suitable for most grame-negative bacteria and vurions vigal origins {eg,
SV0. volyema, adenovirus, vesioular stomatitus virus (VSV), or papillomaviauses such
as HPV ar BPV) are useful for cloning vectors in mammalian cells. Generally, the origin
of replication component {s not needed for mammulian 2xpression veetors (R example,

the SV40 origin is oilen used only because it also contuins the virus early promwoter),

a1
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A transcription fermination sequence is typically located 3’ to the end of a
polypeptide coding reyion and serves to terminate transcription. Usuaily, & transcription
termination scquence in prokaryotic colls is a G-C rich fruganent followed by a poly-T

sequence.  While the scquence is casily cloned from a library or even purchased

£ 41

commercially as pert of a vector, it cen elss be readily synthesized using methods for

mucleic acid syathesis such as those deseribed herein,

A selectable marker gene encodes a protein necessary for the survival and growth
of & host cell grown in a selective cultore medium,  Typieal selection marker genes
encode proteins that (a) confer resisiance to andibiotivs or other toxins, e.g., ampicillin,

W) fetracycline, or kanamyein for prokavyotic host cells; (b) complement zuxoirophic
deficivncies of the cell; or {¢) swpply critical nutrients not available from complex or
defined media,  Preferred selectable markers arc the kapamycin resistance gene, the
ampicillin resistance gene, and the tweiracyeling resistance gene. A neomycin resistance

gene migy also be used for scleciion in both prokarvotic and gukaryotic host cells.

15 Other seleciable gones may be used to anplify the gene that will be expressad.
Amplificetion is the process wherein genes that are in greater demand for the production
of a protein eritical for growth or coll survival are refterated generally in tandem within
the chrmnosomes of successive generations of recombinant cells. Examples of spifable
selectable markers for mammalian cells include dihydrofolate reduetase (DITFR) and

20 promotertess thymidine kinase, Mamunalian egll transformunts are placed under selscrion
pressurc whereln only the transformants are uniquely adapted 1o survive by virwe of the
selectable gene present in the veclor. Seloction prossure is imposed by culturing the
wansformed cells undur conditions In which the concentration of selection agent in the
medium is successively inereased, thereby leading io ihe amplification of boih the

seloctable gene and the DNA that encodes another gene, such as IL-IR1 polypeptide

T
(¥,

comprising the veetor. As a resalt, incrzased guantities of a pelypepiide such-as TL-1R1
polypeptide are synihesized from the amplified DNA.

A ribosome-biuding site is usually necessary for translation nitiation of mRNA.

and i3 characierized by a Shine-Dalgarne sequence (prokaryotes) or a Kosalk sequence

3 (eukaryowcs). The slement is typically locaied 37 to the promoter and 5 to the coding
sequence of the polypeptide to be expressed.
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In some cases, such as where glycosylation is dusived in o ackarvotic hest ecll
expression systom, one may manipulate the verious pre- or proscquences o imprave
gheosylation or vicld.  For example, one may aler the peptiduse cleavage sile of a
particular sipnal peplide, or add pro-sequences, which also muy atfect glyeosylation. The
final protein product may have, in the -1 position (relative o the first amino acid of he
mature protein} one or more additional amino aci€s incident w expression, which may not
have been totally removed. Tor example, the {inud protein product may have one or two
amine acid residues Tound in the peptidase cleavage site, ullzched 1o the amisnn-terminus.
Alternadively, use of some etusyme cleavage sites may result o a slighily wroncuted form

ot the desired polvpeptide, i the enzyme cats af sach arsa within the puiture polypeplide.

The expression and clonming veetors of the wvention will fypically contain
promwier that 1s recogmzed by the host organism and operably Tinkeald 1o the molecude
cncoding the anti-IL-1R1 amibody,  Promolers are ontranscribed sequenves kwated
upstiewm {40, 5371 o the slart codon of 2 stuctore] sene (gencrally within shout 100 1o
1000 bpj that control the trenseripfion of the sructural gene,  Promelss are
conventionally prouped into one of two classes: inducible promoters and constitutive
momolers, Indoeible promoters initiate increased levels of transeription rrom DXNA under
fheir conirol I response to some change in culture conditions, such as the prescnee or
absones of a nutrient or ¢ change in femperature.  Constitulive prometers, on the other
head, imitiate continual gene product production: that is, thete 1 ittle or no control over
gone expression. A large number of promoters, recogrized by a variety of potential ost
cells, wre well known, A suituble promoter 13 operably linked to the DNA encoding heayy
chaint vr Bght chain comprising an anti-IL~1R1 antibedy of the invention by removiig the
pramoter from the source DNA by resincuion enzyme digestion and inserting the desired

promoter SeqUEnee o K¢ VaCIor.

Suitable promuters or use with veast hests are alse well hnown dn the wt. Yeass
ershnaicnrs are adventageously used with veast promoters, Suitable promoters tor use with
mamnalian host eells are well koown and include, but wre nol Hmited to, those ebtained
trom the genomes of yiruses such as polyoma virus, Sowlpox virus, adenovings t3uch as
Advnoviris 2), bovine papilloma virmis, avian sarcoma vims, oyviomepalovirus,

ratroviruses, hepatiiis-B virus and most preferably Simian Virus 40 (SV40)L Ofher
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suitapic mammalian promoters include heterologous mamnwlisn promoters, for exumple.
heat-shock promoters and the actin promoter.
Additional prownoters which may be of inlerest include, but arc not limited to: the

V40 eirly promoter segion (Bemoist and Chambon, 1981, Natwre 200:304-10) the

.

CMV prenioters the prometer contained in the 37 long tonminal repeat of Rous sarcoma
virus (Yamamoto of @, 1980, Cefl 22.787.57); the herpes thymidine hinuse promoter
{(Wagmer of 2., 1981, Proc. Nl dcad. Sci. US4 78:1444-45); the reguiatory scquences
of the metallothionine gene (Brinster eof al, 1982, Namre 296:39-41) prokaryotic
expression sectars such as the bera-lactamnase promuter (Villa-Kamarolt ef «f., 1973,
10 Proe, Nail Aead. Sei. USA 73:3727-31%, or the e promoter (DeBour ¢f ol 1983, Proc,
Muid, dvad Sei. USL80:21-251 Also of interest zre the [ollowing anima? transeriptional
conired regions, which exhibit tissue speeificily and have been wtilized in travsgenic
anfrrads: the elastuse T gone contrel region that is active in pancreatic acinur cells (Switt ¢f
al 1984, Cef? 38:639-46: Omitz o al, 1980, Colid Spring Harbor Sovp. Qo Biol.

300404 (1984); MacDouvuld, 1987, Mepatology 7:425-315); the insulin gene comrol

s
K

region that is active in pancreatic beta cells (Hanaban, 1985, Naswre 315:115-22) the
mxaenoglobulin gene control rogion that is uciive v hymphoid colls {Grosschedi er al.
1984, Cell 38:047-38; Adamws of uf., 1985, Natwre 318:503-38; Alexander ¢f af.. 1U87,
Aol Coll, Biol 7:1436-44): (he nwuse mammary wmeor virus control region that 1s active
20 in wsticslur, oveust, Jvimphon! and mast eulls (Leder er i, 198¢, (oll £3:485-98); the
albimmin geno control region that is active in liver (Pinkert o al., 1987, Genes and Devel,
L1:268-76% the alpho-feto-protein gene control reglon that is active in liver (Krumlaef ef
al 1985, Mol Cef?, Biol. 3:1639-48; Hamuner ef al., 1987, Seience 235:55-58); the alpha
L-antivrypsin gene control region that is active in liver (Kelsey ef al., 1987, Genos wud
25 Devel 1N61-71Y the bew-plobin gene control region thot s active in mveloid cells
(Mogram e aad, 1985, Natfrre 315:338-40; Kolllas ez wl., 1986, Cell 46:89-94); lhe myelin
hasic protein gore control region (hat is active in oligudendrocvie cells in the brain
(Readhead of @, 1987, Cell 48:763-12); the myosin light chain-Z gene comrol region that

s active dnshelettl muscle (Sunic 1985, Xatwre 3131:283-26) wnd the gonudutrapic

3
oy

rewzasing hormone yene control region that is active in the hypothalamus (Masou of al.,
1986, Scienea 234:1372-78),
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An enhancer sequence ny be inscried into the vector 1 increase transctiption of
DNA ercoding light chain or heavy chain comprising an axnti-1L-1R1 amthody of the
invention by higher eukaryoies, Linhancers are cis-acting clements of DNA, usually about
10-300 bp in length, that act on the promoter to incrause wanseription, Unhancers are
relatively orientation- and position-independent. They have been found 5” and 3’ to the
transeription unit. Soveral enhancer sequences available from mammalian genes {e.g.,
glubin, elastase, albumin, alpha-feto-protein and insulin) are known, Typically, howeser,
an enhancer from 4 virus 13 used, The SV40 enhancer, the cvfomegalovims sarly
promoter enhancer, the polvoma enhancer, and adenovirus enhancers knovwn in (he art ave
cxomplary enhancing elements for the activation of cukaryotic promoters.  While an
enthancer may be spliced into ihe vecior at a position 37 or 37 o a mucleie acid moleculs, it

is typically located ot a siic 57 from the promotet.

Expression vectors of the inventior may be consitucted flom a starting veetor
such as a comrnercially svailable vector, Such vestors may or muy not contain all of the
desired flenking sequences. Whers one or more of the flanking sequences deseribed
herein are not already present in the vector, they may be mdividually obtained and ligated
inte the vector. Methods used for obtaining each of the flanking sequences are well

known o one skilled in the art.

Afrer the vector has been constructed and a nueleic acid moleculc encoding Hghe
chain or heavy chain or Hyht chain and beavy chain comprising an ani-iL-1R1 antivedy
bas been tnserled info the nroper site of the vecior, the completed vector may be inserted
into a soitable bost cell for awmplification and/or polypeptide expression.  The
transformetion of an expression vector for an anti-IL-1R1 antibody info a sclected host
cell muay be accomplished by well known mcthods including transfection, infection,
caleium phosphate co-precipitation, elecioporation, micreinjection, lipufection, DEAE-
dexran mediated transfeetion, or other known tec’riiques, The method selected will in
part be a function of the type of host cell 1o bo vsed.  These methods and othier suilzble
methods are well known o the skilled artisan, and are set forth, for exanple, in Sambrook
et ool supra.

The host cell, when culfured under eppropriate conditions, synthesizes an anii-TL-

1R1 amibody that can subseguently be collesied trom ths culture medium (17 D bost cell
seeretes it inte the medium) ox directly fom the host cell preducing it {if it is not
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scereied). The sclection of an appropriate host cell will depend upon various {actors,
such us dosired expression levels, polypeptide modifications that arc desirable or
nacessary for activity (such as glycosylation or phosphorylation) and sase of folding into

& biologically active molecule,

Maminalian cell lines available as bosts for expression are well known in the art
and include, but are not limited to, many immortalized cell lincs availuble from the
Amedean Type Oulue Collection (AT.C.C), including bul not limited to Chinese
hamsier ovary (CHO) cells, Hela cells, baby hamsicr kidney (BHEK) cells, monkey
kiduey cells (COS), haman hepatocellular carcinomsy cells (e.g., Hop G2), and a number
of other cell lincs. In cerain embodiments, one may selsct cell lines by determining
which cell lines huve high expression levels and produce antibudies with constitutive 11
TR1 binding properties. In another embodiment, one may select a cell line from tha B
eell lincage that does not make its own untibody but has a capacily to make and secrefe a

heterologous antibody (e.g., mouse myvcloma cell lines NSO and SP2A).

Antibadies of the invention are useful for detecting IL-1R1 in biological samples
aud idemification of cells or tigsnes thit produce IL-1R1 protein. Said antibodies that
bind to 11.-1R] and block interaction with ofher binding compounds have fherapentic use
in modulating IL-1 mediated disenses. In preferred embodiments, antibodies to I.~1R]
can block TL~1RJ hinding to IL-18 or IL-~1e, which can result in disruption of the 1L-]
signal fransduction cascade.

Antibodies of the invention thet specifically bind to 1L-1R1 may be useinl in
freatment of IL-1 niediated diseases, a5 discussed below. Said amtibodies can be osed in
binding assays io deteet IL-1R1 binding and their capacity {o inhibit 1T-1R1 from
forming a complex with 1L-18 and T-1R accessory protein (JL-1RACP) or with TL-1ax
and [L-1RacP.
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In certain embodiments, the invention provides methods for treating medical
disorders associated with II.-1 medisted Inflammatory reactions or 111 mediated
immunoregulatory reactions. The mcthods of the imvention nelude administering an ani-
ILIR1 antibody of the invention to an individual who is afflicted with an inflammatory or
immunoregulatory disease that is inediated by TL-1. As used horein, the terms “illness.”
.

“dizease,” “medical condition,” or “abmormal condition,” are used merchangesbly with

ihe term “medical disorder.”

In a punicular embodiment, ihe methods of the mvention involve administering: o
a petient an anti- T1-1R1 antibody of the invention, thereby preventing the binding of 11
1

w its cell surface receptor (I1-1R1)

To {reat a medical disorder characterized by abniormal or excess exyression of 1L-
1 or abnormal or excess IL-1 signaling, & molecule comprising an .- LR type [ antibody
of fhis invention is administered to the patient in an amount and for & time sufficient o
mduce a sustained improvement in at least eue indicator that reflects the severity of the
disorder.  An improvement is considercd “sustoined” if the patient exhibits the
improvement on at least two ovcasions separated by one to four weeks., The degree of
improvement is determined based on gigns or symptorus, end may also employ

guestionnuires that are admindstered to the patient, such as quality-o-life guestionnaires.

Various Indicators that reflent the extent of the patient’s illuess may be assessad
for detenmining whether the amount and time of the treatment is sufficient. The bascling
value for the chosen indicator or indicators is established by examination of the patieut

rior 1o adrinistration of the fust dose of the antibody.,  Preferably, the baseline
examination is done within sbout 60 days of admmistering the first dose. It the 11.-IR
antibody is being administered to treat acute symptoms, such as, for example, to troat
travmalic injuries (trawmatic knce injury, stroke, head injury, ole.) the first dosc is

administered as soon ag practicalty possible afier the injury or svent has oceurred.

Improvement s induced by repeatedly administering a dose of antibody until fhe
patient mamfests an improvement over bascline for the chosen tndicator or indicators. In
treaiing chronic conditions, this dogree of improvement is obtained by repeatocly
administering this medicament over a period of ut least 4 month or mwore, e.g, for oue,
wo, or thres months or longer, or indefinifely. A period of one to ¥ix weeks, or even g
single dose, ofien is sufficient for weating acute conditions.
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Althongh the extont of the patient’s illness after ireatment may appear improved
according to one or mare indicators. treatment may be continued indefinitcly at the same
lovel or at a reduced dose or freguency.  Once freatment has been reduced or

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

3 Any officacious ronie of administration may he nsed 1o therapeutically administer
the antibody. The antibody may be imjected via intra-articular, iniravenous,
inramusenlar, intralesional, imtraperttoneal, intracranial, inhalefion or subeutansous
rontes by bolus infection or by cominuous infusion. For example, pulmonary dissases
can involve intranasal and inhalation methods. Other suitable means of administration

10 include sustained relesse from fmplants, aerosol inhalation, cyedrops, oral preparations,

ineluding pills. syrups, lozenges or chewing gum. and topical preparations such us lotions,

gels, sproys, ointments or other suitable technigues,  Administration by inhalation is

partienlarly beneficial when treating diseases associated with pulmonary disorders.

In one embadiment of the inventon, an anii-IL-1R1 antibody of the invention can

15 be administered once a month, In another embodiment the antibody is adninistered once
every two weeks or oue time per week to treat the various medical disorders disclosed
herzin. In yet ancther embodiment the ant’body is admiudstered ar least two times per
week, wd in another embodiment is administered at least once per day. An adult pationt

is a person who is 18 years of age or older. 1{ injected, the effective amount, per adult

20 dose, runges frora 1-200 me/m®, or from 1-40 mp'm’ or about 3-23 mg'm®. Altormgtively,
a flat dose may be adnunistered, whose amouot may range from 2-400 mgidose, 2-100
mg/dose or rom about 10-80 mg/dose. If the dose is 1o be administered more then one

time per week, an exemplery duse range is the same s the foregoing described dove
ranges or lower.  In one emrbodimeni of the invention, the various indications described

25  beiow are treated by adminisiering a preparation aceeptable for injection contairing IL.-1
receptor antibody at 80-160 mg/dose, or alternutively, conteining 80 mg per dose. The

dose is adnunistered repeatedly. If a route of adwdnistration other than injection is usud,

the dosc is appropriately adjusted in accord with standard medical practices, For
example, if the route of administration is Inhalation, dosing mizy be one w seven fimes pur

2 weck ai dose ranges from 10 mg/dose o 50 mg per dose,

In preferred  cmbodiments, the invention also provides phermaceatic:
compositions comprising a therapewically effuctive amount of ane or a plurality of the
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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
effective 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-suifitc); buffers (such as borate, bicarbonate, Tris-
HCI, citrates, phosphates or other organic acids); bulking agents (such as mamnito! or
glycine); chelating ageats (such as ethylenediamine tetraacetic acid (EDTA)); complexing
agents (such as caffeine, polyvinylpyrrolidone, beta-cyclodextrin or hydroxypropyl-beta-
eyclodextrin); fillers: monoseccharides; diseccharides; and other carbohydrates (such as
glucose, mannose or dextrins); 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 sodium); 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 alcobols (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, trimethamine, lecithin,
cholesterol, tyloxapal); stability enhancing agents (such as sucrose or sorbitol); tonicity
enhancing agents (such as alkali metal halides, preferably sodium or potassium chloride,
maneitol sorbitol); delivery vehicles; diluenis; excipients and/or pharmaceutical
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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admmnistration, delivery format snd desired dosage, See, for example, Remingion's
Pharmaceusical Sciences, supra.  Tn certain cinbodiments, such compositions may
influonce the physical state, stability, rate of i vivo release und rate of #n vive clsarance

of the antibodies of the invention.

T corfain crobodiments, the primary vehicle or carrier in a pharmaceutical
composition may be either aqueony or non-aqueons in nature, For example, o suitable
vehicle or catrier may bhe waicr for injection, physiological saline solution or artificial
cerebrosping! (luid, possibly supplemented with other materials coomon in composifions
for purenteral administration, Neutral bufiered galine or saline mized witls serum albumin
ure futher exemplavy vehicles. T preferred cmbodiments, phanmaceutical compositions
compprise Tris bulfer of about pIT 7.0-8.5, or acetate buitor of about pH 4.0-3.5, and may
further include sorbitol or a suitzble substitute therefor. Tn cortain embodiments of the
invention, anti-IL-1R1 antibody compositions may be prepared for storage by mixing the
selected composition having the desired degree of purity with optional formulation agents
(Remiugron’s Pharmaccutical Sciences, supray in the form ol a lyvophilized cake or an
agueous solution. Further, tn certain embodiments, the ant-TL~1RT antibody product may

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

The pharmaceutical compositions of the invention can be selected for parenteral
delivery. The compositions may be zelected for inhalation or for delivery through the
digestive (ract, such as orelly. Dreparation of such pharmaceuticclly acceptabis

compositions is within the skill of the art.

The fonmulation components are present preferably in concentrations that are
zcceptable to tae site of administration. In ceriain embodiments, bufitrs are used w0
meintain the composition at physiclogical pIT or at a slightly lower pIL, typically witkin o

pH range of fromi about 5 to ahout 8,

When parenteral administration is contemplated, the therapeutic compositions for
nse in this invention may be provided in the form of a pyrogen-free. parenieraily
acceptuble agucous solution cowmprising the desired snii-flL-IRY autibody in a
pharmaceniically acceptuble vebicle. A particularly suitable vehicle for parcnicral
injection is sicrile distiiled water in which the anit-I-1R1 amibody is formulated as a
sterile, isolonic solufion, properly preserved. In certain embodunenis. the preparation can

invoive the formulation of the desited molecule with an agent, such as injectable
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microgpheres, bio-erodible pariicles, polymeric compounds (such as polylactic acid or
pelyvglyeolic acid), beads or tiposomes, that may provide controlled or sustained release
of the product which can be delivered viz depot infection.  In certain erboediments,
hyatnronic acid may also be used, having the effect of promoting sustained duration in ths
cireulation.  In certain embodiments, implumtable drug delivery deviees may be uged

introducs the desired antibody moleeuls,

Pharmaceutical compositions of the nvention can be formulated for inhadation, Tr.
thoese embodiments, anti-IL~1R1 antibodies are formulated as a dry powder for inhalation.
In preferred embodiments, anti-I0-1R1 antibody inhalation solutions may alse be
formulated with a propeliant for acrosol delivery. In certain cmbodiments, solutions may
be nebulized, Pulmonary admisistration and formulation mcthods iherefore are further
deseribed in International Paieni Publication No. WO94/20069, incorporated by

reforence, which deseribes pulmonary delivery of chainically modificd proteins.

It is also contemplated that formulations can be adiminisicred orally, Anti-TI~1R1
ardibodics that are administercd in this fashion can be formutaicd with or without carviers
custormarily used in the compounding of solid dosage forma such as (shlets and capsules.
In coriain embodiments, a capsule may be designed 1o release the active portion of the
formulation at the point in the gastrointestinal fract when bioavailubility is maximized and
pre-systemic degradation is minimized, Addivional agents can he inclided to facilitate
assorption of the antd-IL-1R1 antibody. Diluents, flavorings, wow melting peint waxes,
vegetahle oils, lubricants, suspending ugents, tablet disinteprming agems, and binders

mzy also be employsd.

A pharmaceufical somposition of the invention is preferably provided to comprise
an cifective quantity of oxe or a pluraliiy of auii-1f.-1R1 antibodics in a mixiure with non-
toxic excipients that are suiteble for the manufucture of fablots. By dissolving the tahlets
iy atcrile water, or another appropriate vebicle, solutions nuuy be propared in unit-dose
form. Suitable excipients include, but are not limited to, inert diluents, such as caloium
carbonaie, sodium carbonate or bicarbonaie, lactose, or calviun phosphaie; or bindieg
agents, such as starch, gelatin, or scacis; or Jubricating agents such as magnesiom

stearaie, stearic acid, or tale.

Additional pharmaceutical compositions will be evident to those skilled in the art,

including formulations involving anti-IL-1R1 anfibodics [ sustained- or controlled-
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delivery formulations. Techniques for formulating a variety of other sustained- or
comrolicd~delivery means, such as Eposome variers, bio-cradible micrnpaniicles or
porous beads and depot {ujections, are also known tu those skilled in the art. See for
example. Inemational Pasent Publication No. WO93/15722, incorporated by retercnee,
which deseribes controlled roizase of porous polymeric microparticles for delivery of
pharmiacoutical compositions. Sustained-release preparations may include semipormeable
polymer matrices in the form of shaped articles, e.g. films, or micrecapsules. Sustained
rolesse matrices miay include polvesters, hydrogels, polviactides (as disclosed in ULS.
Patent No. 3773919 and Ewropean Patent Application Publication No, EP 038481),
copolymers of L-ghuitamic acid and gamma sthyl-t-glotamate (Sidman o af, 1983,
Bivpobomers 2D547-5336) poly (2-hydroxyethyl-methacrylate) § anger o o, 1981, J
Biomed, Muter, Res. 15:167-277 cnd Langar, 1982, Caem, Tech, 12:98-103), ethyicne
vinyl aceiate (Langer o af |, supra) or poly-p{ep-3-hydroxvhutyric actd (Ruropean Patent
Application Publication No. EP 133,988). Susizined rcleose compositions may also
tncluce liposomes that can be prepared by any of soverul methods known in the ant. Sce
e.g., Bppstein of ol 1985, Proc. Natl, dead, Sci. US4 82:3688-3642; Furopean Patent
Application Publication Nus. BP 036,676; EP 088,046 and EP 143,949

Pharmucentical comnositions wsed for in v whninhilration are typieally
provided as sterile preparations,  Storilization can be accomplished by (lirafion through
sterile filtration metbranes, When the composition is ivophinzed, sterilization using this
method may ho condueted either prior to or following lyophtfization and reconsitation,
Conzpositions for parenteral adndinistration can be stored in lyophilized form or in 2
solution. Parenteral cowpusitions gererally are placed fnto a coniainer huving 3 sicoile
#ogoss porl, 1or example, an intravenons solution bag or viul having a stopper pisrceable

by a hiypodennie injection needle.

Onee the pharmuucesmvical composition has beon {ormulaed, it may he stored in
erile vials as a solution, suspension, gel, emulsion, solid, or as a dehydrated or

Ivophiiized powder. Such formuiations may be stored cither 1o a ready-to-use Sorny or in
a form {¢.g., lyoplilized) that is recanstituted prior o administration.

The invention also provides kits for producing a sincle-dase adisinisteation unif,
The kits of the invention may ¢ach contain both a first container having a dried protein
and a sceond comuiner having an aqueous formulation, I centain embodiments of this
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inveniion, kits containing single and mulii-chambered pre-filled syringes {e.g., liquid

syringes and lyosvringes) are provided.

The cfiective amount of an anti-TL-1R1 antibudy-containing pharmaceutical
compositior. 1o be cmployed therapeutically will deopend, for exumple, upon (he
fherapeutic context and objectives.  One skilled in the an will appreciate that the
appropriste Josage levels for treatment will vary depending, in part, upin the moleculs
deliverad. the indication for which the mii-IL-1R] antibody is being vsed, the route of
adnnnisiration, and the size (body weight, body surfae. or orzm size) andfor condition
{110 ayge and genera) health) of the patient. In certain vrubodiments. the clinician may titer
the dosage and modify {he route of administration {o obtain the optimal therspeutic effect.
A typical dosage muy range from about 0.1 pg'ke v up o chout 100 meke or more,
dopending on the factors mentioned above, In preferred embodiments, the dosage may
range fiom 0L pekg up to aboat 100 ma ke more prefersbly from 1 pg'ke up fo about

(G0 meky; or evennimore preferably from 5 ugdky up o about 100 mg ke,

Dosing frequency will depend upon the pharmacokinetic parameters of the
particulir anti-I[- 1R amtibody in the formulation used.  lypically, 2 clinician
adniinisters the composstion until & dosage 15 reached that achieves the desired effect.
Tre composition muy therefory be administered 15 a single dose, or as two or more doses
which may or may not contgin the same smount of the desired meleculyy over thme, or a4
& continuous Difusion v an Luplantation device or eatbeter, Fuarther refinsment of e
appropriate dosage is routinely made by those of urdinary skill in the art and is within the
ambit of tasks routinely performed by thems.  Appropriate desives may be ascertained

througrh use of appropriate dose-response data,

The raate of adtrinistration of the phurmeceutical composition is in accord with
known nuethods, ez orally, {krough injcction by intravenous, iuiraperitoneal,
iniracerchral (intra-parenchymal), intracerehroventricular, %mrmﬁnscul&r, intra-ocuisr,
intraarterial, intruportal. or intralesional youles; by sustiined releese systems or DY
implanudion deviees. Tn certain embodiments, the compositions may be administercd by

helus injection or continceusly ay mtusion, or by implamation deviee.

The composition also may be aduumiztered iecally wa implantation of o

meThrane, spongc or another appropriate material vro which the Jesired molecule Las
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been sbsorbed or oncapsulated. In certain embodiments. where an iplantation device is
used, the device mav be implanted into eny sultbic tissue or nrgan, and defivery of the

desited melecule may be via 41 fusion, timed-rulease bolus, or continuous administration,

Tt also may be desirable to use anti-TL-1R1 wntibody pharmaceutical compositions
aceording 10 the invention ex wvo. In such instances, cells, tissues or ergans that have
been removed from the patient are exposed to anti-IL-1R1 antibody pharmaceutical
cumposi‘ions afler which the cells, tissues and/or organs are subsequently tnplanted back

into the paticnt.

In particular, anti-IL-1R1 antibodies can be Jdelivercd by mplmting certain cells
that have been genatically engincered, using methods such as those described herein, to
express und seerete the polypeptide, Tu certain embodinwents, such cells may be animal or
human vcells, ad may be aologous, heferologous, or asnogeneic. In gertain
emhodiments, the cells may bo immortalized. In other embodimunis, in order 1o decrease
the chunce of an imwnunclogical response, the cells may be encapsuinted 1o avoid
mftitration of surrounding tissues. Tn further crobodiments, the cocapsulation materials
are typically biovonipalible, somi-permeable polymeric enclosures or membranes that
aliow {he reloase of the proteln product{s) but provent the destruction of the cells by the

patient’s imumune sysiem or by other detrimental factors from the swrroundiug tissuss,

[1: ceriain embodiments, the invention further encompassacs the adnrinistration of
@n anti-l-1R1 wntibody or pharmaceutical composition of the invention concarrently
with one or more othey drugs that are adminisicred to the same patient, each Jrug being
atministored according to a reginen aniwble for thay medicament.  This eucompasses
pre-treauniend, sinulionecus treatmend, sequeniial weatment and alicrmuting rogimens,
Lxamples of such drags irclude, but arc net imited to, antivirals, antibiofics, malgosics,
cordcosieroids, infagonists of nflansuatory eytokines, discase-modifying anti-theumaile
drues (DMARDa), and non-steroidal anti-inflammalories.

I other embodiments, an anti-[L-1R1 antibody or phanmaceutical compasition of
the invention cai be aduinistered in combination with other cylokine nhibitors,
meluding those that antaponize. for example, RANKL, TGFR, TFNy, 1176 o 1L-8 and
INFE, partioularly TNFo. Ta combination with IL-6, an antibody of this invention cen be

used to treat end prevent the recirence of seizures. including seizures induced by
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GABAL receptor antagorism, seisurss associated with FLG jetd] episudes and motor
Timbic seizares ocourring during stats opilepticus, In corvbination with LNy intubitor,
an antihody of thix invention is useill in treating idiopathic puhnoncry tibrosis and cystic
librosis. The combination of un IL-1 reccptor eniibody and RANKIL. inhilitors, .. a
RANKL antibody is usefi] for preventing bone destruction in various sultings including
but not limited to various rheumatic disorders, osteoporosis, multipls mycloma ar other
malignancics thut cause hone degeneration, or anti-tumor therapy aimod at preveating
metasiasis to bone, or bone destruction associgied with prosihesis wesr debris or with
periodontitis.  In addifion, antibodics of the inveniiom may bo administersd
combination with I1-17 inhibitors such soluble fonng of an 1L-17 receplor {(such as 11 -
17R:Fe) or an 1L-17 antibody or IL-17R aniibody, 1L-18 binding profein. solubk: fonns of
IL-13 receptors, mdd 1L-18 aniibodies, antibodics apainst IL-18 rocoptors or antibodics

ageinst CD30-Fzand or against CD4.

The inveniun funther encompasses methods for using an ati-ILIR | waibody or
pharmaceutical composition of the nvention in treating the berein disclosed radical
disorders in combination with a TNF inhibitor, preferubly TNFR:Fe (ENBREL®) and wny
combination of the sbove described cytokines or eyiokine inhibitars (hat are active cpents
in conbinztion therapies.  For example, in sccordance with the preseat invention,
combination iherupy methods may be used for treating rhemmaid arthrits, stroke,

astluna, psonases, eic.

Conditions elfectively weated by an anii-iL-1R1 smtibody or phanmaceutical
comaosilion describurd herein include pulmomury diseases such as asttuna, chronic
ohsimetive pulmonary disease. pulmonary abvweolur prowinosiz, bleonyein-ndaced
pucumopathy and fibrosis, radiztion-induced puleonary fibrosis, evstic fikrasis, collager,
ascumulation m the lungs. and ARDS, all of which max be reated with combinations of
an antibody 10 U.~-1R and m -4 inhibitor andior H-13 inhinitor, c.g T-4R mtitaxdy
that inhibits TL-13 and 11-3 activily, ‘'The disciosed mutbodies and pharmaceuticeal
compositions of the Invention also are usefid for weating broncho-pulmonary dysplasia
{BPDY; chronic ebstructiv¢ pulmonary diseases (e.g. craphysema and chronic dronchitis),
and chronic fibrotic lung disvase of preferm infams.  In addition. the emupounds,
compositions and combinzuon {herspies of the nvention are used 10 USal SUeupution?l

lung diseases, including asbestosis, coul worker’s pnewpnconiosis, siheosis wr simiiar

35




wn

15

20

WO 20045122718 PCTLRIONI 02797

sonditiors associated with long-term cxposure o fine pariicles. In other aspects of the
mvention, the disclosed compounds, corpositions and corpbination therapies are used 1w
treat bronchioliterans organizing pneumonia, pulmonary fibrosis, including idiopathic
pulmenary fibrosis and radistion-induced pulmonary fibrosis: pulmonary sarcoidosis; and

allerpies, including allergic rhinills, contact dermatitis, afopic dermuatitis and asthma.

Such vombinations aze useful also for treating patienis suffuring from various skin
disorders, fnchading but not limited to dermatitis herpatiformis (Duhring’s diseasc), atopic
dermatitis, contact dermalitls, witicarda (ingluding chronic idiopsthic urticuria), and
autoimanune blistering discoses, including peniphigus vulgaris and bullous pemphigoid.
Other dissascs treatable with the combination of an IL-1R antibody and an 1.-4 sndfor
11.-13 inhdbitor include mnvesthenia gravis, sarcoidosis, including pulmonary sarcoldosis,
sclerodermay, reactive artbritis, hvper [gB syndrome, muliiple sclerosis and idiopathic
hypereosinophil syndrome. The combination 1s nsed also for treating allergic reactions to

medication and as an adjuvant fo allergy Immumotherapy,

The IL-~1 recepior aniibodies and pharcmaceutical compositions described herein
are useft] for treating protozoal diseasvs, including malaria and schistosomiasis and to
wedl erythemea nodosum leprosum; bacterial or viral meningifis; tuberculosis, ncluding
pulmorury tuberculosis; and pucumonitis sceondary to a bacterizl or viral infection

inchading fufluenza infection and infectious menonucicosis.

Cardrovasculsr disorders and Injuries are treatsble andior preveniable with
disclosed either pharmacentical compositions or watd-ILI-R1 antibodies alone or in
combination with other cytokine fnhibitors, Cardiovascular disorders treatable include
aortic aneurysms; including abdominal aonic ancurysms, wcwie coronary syndrome,
arteritiz; vasculer oechision, including cercbral artory occlusion; complications of
coronary by-pass surgery; ischemia/reperfusion injury; heart discase, tachuding
atherosclerotic heart disease, myocarditis, including chronic autoimmune myocarditis and
viral myocarditis; hear! failure, including chrouic heart fathure, congestive heart failurs,
cachexia of heart fatlure; myocardial infarction; restenosis and/or atheroselerosis after
heart surgery or ufler carotid artery halloon avgioplastc procodures; silent myocardial
ischemia; lelt ventricular pump dysfunction, post implantation complications of left
ventricular ussist devices; Raynaud’s phenomena; thrombophlebitis; vascalitis, inchading
Kawasaki's  vasculivis; veno-occlusive  diseass, glant  cell arteritls, Wegener's
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granulomatosis; mental confusion following cardio pulmonary by pass surgery, aud
Schocnlein-Henoch purpura

In certain embodimenis, anti-11-1R1 antibodies and pharmaceutical sompositiens
of the mventinn can also be used 10 treat chronic pain conditions, such as chronic pelvic

5 pam, including chronie prostatitis pelvic pain syndrome, and pest-herpetic pain,

Disorders of the endocrine system including juvenile ouset diahetes (Includes
autoimmure diabetes mellis and insulin-dependent types of diabetes) and maturity onset
digbotes {(includes non-tnsulin dependent énd obesity-mediated digbetes) can ziso he
reated with anti-1L-1R1 amtibodies or pharmaceuntical compositions of the invention

10 Such treattnent includes secondary conditions associated with diabetes, such as diabetic
relinopatly, kidney traospluat rejection in digbetic pavients, obesity-inediated insulin
resistance, aml reoal fallure, which ifself may be associated with profeinurea and
hypertension.  Other endocrine disorders ulso are ireatable with these compounds and
include polycystic vvarian disease, X-linked adrenoleukodystrophy, hypothyroidism and

15 thyroiditis, including Hashimoto’s thyroiditiz (i.c., autotmmune thyroiditis), thyroid cell

dysfunction, including cuthyroid sick syndrome,

L4

Conditions of ihe gastroinresting] sysien: ave reatable or proventable with anii-IL-
1R1 antibodies or pharmacautical compositions of the invention, alone or in combination
with olher thorapeutics.  These conditions include coeliac disease, Cioln’s discase;

20 uleerative colius; idiopathic pastroparesis; pancreafitis, mcluding chronic puncreatitis;
goute panereatitis, influnymatory bowel disease and vleers, including gastric and duedenul

ulozrs,

Disovders of the genitourinary svstem are also ireatable or proventable with the

arti-11-1R 1 antibodics or pharmacoutical compositicns described heretn. Such djsorders

25 include lomerulonephiritis, mcluding autoimmune glomerulonephritis,
slomerulonephritis duc to cxposure to toxins or glomerulonephritis secondary to
infections with huemolytic sireptococei or other infectious agenis, Also treatable with the
compounds, cowpositions and combination therapies of the invention are uremic
syndrome and its clinical complications (for example, renal failure, anemis, and

30 hypertrophic cardiomyopathy), including uremic syndrome associated with exposure to
environmental toxins, drugs ot other causes, Complications that arise from inflammation

of the gallbladder wall that Jeads to alteration in absorptive function are freatable or
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preventabie with the antibodics of this invention. Incinded in such complications are
cholclithiasis (gallstones) and choliedocholithiasis (bile duct stones) and the recurrance of
choletithiasis wnd choliedocholithiasis. Further conditions treatable with the conipounds,
compositions  and  combination therapies of the invention are comphicaons of
hemodiclysis: progiate conditions, inchuding bunign prostatic hypertrophy, nonhacterfal

prostatitis and chrow’e prostatitis; and complications of hemodialysis,

Alio provided herein are mcthods for wsing ati-TT-1R1 antibadies ot the
invention, compositdons, and combingtion thurapies to treat varous hemawlogic and
sneologic divorders. For examplo, apti-IL-1R] antibedies, alone or in combinaiion with
other o tokine indubifors or other active ugents as deseribed ahove, can be used w treal
various forms of cancer. including acule miyeloserous loukemia, chronic myelogenous
leuiemia leukenva, Epstein-Barr virns-positive nasopharyngeal carcinoms, ghema,
cedon, stomach. prostate. renal cell, coreieal and ovarian cancers. lung cancer {(SCLC and
NSCLCYL  mchiding  cancerassociated " cachexia, fatigue,  asthenia, parancoplastic
syndromie of cuchexda and  hypercaleemnta.  Solid  tumors, including  sarcoma,
osteosarcoma, and carenoma, such s adenocarcinoma (for exarnple, breast euncer) and
squamnus cell carcinoina are also ireatuble.  Additional treatsble vuncers inchude
swophogen] caneer, gasirie cancer, gall bladder carcinoms, leukemia. including acute
myvelogenous levkema, chronie myelogenous leukonia, myeioid leukemiz, chronic or
acute lympheblasie lsukemia and hairy cell leukemia. Other malignancies witl invasive
metastadic potential, including multinle mycloma, can be weated with the subject

componls, compositions snd combination therapies.

T addition, the dizclosed ant-IL-TRY antibedics can be used to reat nnemins and
hematologic disorders, including chronic idiopathic penwopenia, ancmia of chronic
Cisease.  aplastic  anenaa,  including  Fanconi’s  aplastic  amemiu;  idiopathic
itrombocyiopenic purpura (ITP); thrombotic thrombecytopenic purpura, myvclodysplastic
sviidromes {including refractory aneniia, refractory ancinia with ringed siderobiasts,
refinciory  anemia with excess blasts, refractory anemia with cxcess blasts in
rransfounationy: myclofibrosi</mycloid metaplasia; wd sickle cell vasocelusive ciisis,

Vartous lymphoproliferative Wisorders also are treatble with anni-IL-1R1
antibodics of the invention, including autoimmune Iymphoprolifecative syndrome
{ALPS). clronic Jymphoblastic leukemia, hairy ccll leukemia, chronic Iymphatic
8
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leckemia, peripheral Tecell Tymphoma, small Ivmphooyviic lymphonie wantle ool
Byphoma, follicular lymphoma, Burkitt's Iymphoma, Epstein-Barr virns-positive T ecll
lymplioma, histiocytic lymphoma, Hodgkin’s diseose, ditfuse aggressive lymphoms,
acute Tymphatic leukemias, T gamma lymphoproliferative disesse, culuncous B cell

Iymphoma, cutaneous T cell lymphoma (i.¢., maycosis fingoides) and Sézary synérome,

Aerediary conditions such as Gaucher’s discase, Humington’s diseuse, luear 1gA

disease, znd muscular dystrophy are treatable with (he untibodies of this “mvention,

Orher conditions freutable or praventable by the diselosed T1-1 recepbsr antibodics
or pharmaceutical compositious include those resulting from injuries 1o the hicad or spinal
cord including subdural hematoma due to trauma tn the head. Tn comiection with this
therapy, hwe compositions and combinations deseribed e suitable for praventing eranial
nenrologic damage and preventing ard weating ceevicogenic beadache. The commesitions
and cosnbinztions deseribed are further suiiable for treating neurological side offocts

ussactated with braim irradiation.

Anti-I1-1R1 antibodics znd pharmaceuiical composition of the invention are also
useful for treating conditions of the liver such as heputitis, ineluding acute aleoholic
Lepatitis, acute drug-induced or viral hepatifis, Tepatitis A, B ond ) scleroging
cholangitis, hepatic sinusoid epithelam, and nflamation of the liver due 1 unknown

CIURES,

Disordsrs that involve hearing loss and that are associated with ahnormud 1L-]
expression are treatble with the anti-IL-TR1 antibodies or pharmacceutival compositions
of the irvention.  Such disorders include cochlear nerve-assoctated hoaring Joss that i3
thought 1o result fromm an autolmmune process, 1.o., suoimmune hearing loss. Also
treatuble or proyentable with the anti-IL-1R1 antibodics o pharmecentical compoasitions
of the invvention is Meniere’s syadrome and chiolestesomie, a middle ear disorder ofien

mwenpiated with heariny loss,

Non-athritic disorders of the bones cud jeints and alse treaeble with the
antibodics deseribed herein, This encompasses osteockast disorders that lead w bone loss,
such as but nol limited to osteoporosis, ichiding post-menopausal osieoporosis,
osteoartiritis, perivdontitis resalting in sooth luosening or loss, and prosihesis loosening

after joint replucement {generally assocluted with an inflammalory respolse o wear
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deoris). This kaiter condition also is ealled “orthopedic implant csteolysis.””  Another
condition weatable with the compounds, compositions and combination therapies of the

invention is temporat mandibular joint dysfunction (TMJ).

The anti-H -1R} amibodies or pharmaceutical compusitions of the invention can
also be used 1o weat rheumatic disorders including adudt and juvenile vheumatoid arthuitis;
selerodarma; avstemic lupus erythematosus; gout; osteoarthrius; polymyalgia rheumaticu:
seronegative spondylarthropathics, including ankvlosing spondylitis, and Reiter’s discase.
psoriatic arthrilis «nd chronic Lyme arthritis. ‘The antibodics of this invention are also
useful for treating nllammation of the volunmry muscle und other muscles, inchding

dermmatomyosilis. inclhusion body myositis, polvmyositis, and Iymphangiolcimyomatosts,

Anofhier use for the antibudies and phamaceutival compositions of the invention
18 2he treatment andior prevention of primary amyvloidosis and the sceondaty ampyloidesis
thai is churacierisiic of varions condition including Alzhomen’s discase, secondary
retive amvlowlosiss Down's svadromy; and dialysis-ussocinted amylvidesis.  Also
troatoble with the antibodics or pharmacentica! compositions of {he inveation are
mheried  poriodic  fever  syndromes.  inclading  familial  Mediterrancin fevor,
hyperimmunoglobubin D and pedodic fever syardrome and TNForeceptor asscctuted

perindic syndromes (TRADPS).

In other embodimenis, the antibodies or pharmacewtical compositions of (he
invention can be used w treat disorders nwvolving 1he shin or 1ucous membranes. Such
disorders include acantholytiv diseases, including Darier’s discase, keratosis follicularis
and pemphisgus valgans, Addifionad skin disorders that can be treared using antibodics off
the invention include acne, scne rosacen, alopeein areata, apinthous stomwativs, bullous
pemphigoid, bums. cesema, orythema, inchuding ervthoma multiiforme and eryihema
mubiforme bullosumn (Stevens-Johmson syndrorme), ullammatory skin discase, lichen
planus, lincar IpA bulous diseasz (chronie bullous dermitosis ol ckildhood), loss of skin
clasticliy, mucesul <urtuee uleers, including gastric uleors, neutrophilic dermatitis
{(Sweet's syadromie), duntnatoruyositls, pitsriasis mubra pilaris. psoriasis, pyoderma
sangrenostun, multicentie reticulohistiocytosis, and toxic epidermal necrolysis. Other
skin related conditions wreatable by the therapies and combination therapies of the present

invention include dermatitis horpetitormis.
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Addittonul disorders thut can be freated with the wiibedies or pharmaceutical
compositions ol the invention inclade grafl -versus-host disease, und complications
resulting {rom solid orgen transplantation, such as heart, liver, skin, kidney, lung Cung

transplant airwuy oblileration) or other transplants, including bene marrow transplunts.

S Qealur disorders ulso are treatable or preventeble with the diselosed anti-1L- R
antibodivs  or  pharmuccutical  compositions, ncluding  rhegmatogenous  retinal
detzchment, and inflanomutory cye disesse. including mflammatory  eve diseose

associated with smoking :and inacular degencration.

Antibodics or plzemaccutical compositions of the invention, as deseribed horvin,

10 are useful for treating disunders that affect the female reproducts e systerm. FPxamples
include, but are not [imited 1o, multiple implan? folureinfertlitg: feal loss svindrome or

TV ogmbryo loss (spontancous  abortion) precclkunptic prepmancies or  eclampsia

endometriosts, chironic cervictis, aad pre-toem labor,

I addigon, the antibadizs or pharmoesntical compositons of the inventiou are

15 wuseful for teeating andror proventing scistica, symptoms of aging, sovere drug reactions
(for example, 1I-2 toxicily or bleomycin-induced pneumopathy and fibrosis), or 1o
suppress the inilaminatory response prier, during or afler the transfusion of allegencic rad
blood cells in cardiae or sther surgoery, or in treating a trammatic injury ta 2 limb or joiat

such s traumatic kuee tujury, Varlous other medival disorders freatible with the

20 disclosed anti-1L-1R1 antibodics or pharmacsutical compositions includer cwduple
sclerosis; Reheet's syndrome; Sjogren’s syndrome; sutaimmune hemelyde anemiz bely
thalassemic; amvowuphic latere] selerosis (Lou Gelirdy's Discase); Parkinson’s discase

and tenosynovitis of unknown cause, as well as variots autoimmune disorders or diseases

associatzd with hereditary deficivucies, inclucing x-linked menty! retardation,

25 Furthermore, the anti-IL-1R] amtibodies o plannacewdival couposiiions of the
invention ae useful for treating central nervous system (CNS) injunies. incliding the
sffects of nevroloxic neurotransmitiers dischurged during cxcitation of inflamnaiion in
the central nervons system amd 1o inkibit or prevent the develepment of plial scacs at sites
of cepiral perveus svsiom injury.  In connection wilh epilepsy and the trealment of

W) selzures, reducing the severfty and number of recurring sejzures, and reducing the
severily of the deleterious effects of ssfzures, reducing neuromal loss, neuronad
degeneration, and gliosix assosiared with seizures,
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Additional uses for the antibodies or pharmaceutical compositions of the invention
melude, but are lmited te, tresting critical illness polyneuropathy and myopathy
(CIPNM) acute polyncurtopathy; anorexia nervosa; Bell’s palsy; chronic fatigue
syndromie; fransmissible dementia, including Crevzfeld-Jacob disease; demyelinating
nouropaihy; Guillain-Barre syndrome; veriebral disc disease; Gulf war syndrome; chronic
inflammatory demyelinatng polynsuropathy, myasthenia gravis; silent cerebral ischumia;
sleep disorders, including narcolepsy and slecp apnea; chronic ncuronal degeneration; and
stroke, metuding cerchral ischemio disenses. Still additional uses for the antibodics of the
invention are anotexia and/or anorexic conditions, peritonitis, endotoxemia and seplic
shack, granuloma formation, heat stroke, Churg-Strauss syndrome, chronie inflammation
following acute infections such as tuberculosis and leprosy, systemic sclerogls and

hypertrophic scarring.

in otaer embodiments, avidin fusion proteins comprising an aming acid sequence
of one of the IL-1R1 antibodies of the invenlion can be constructed for various purposcs.
Avidin fusion profeins can be gemerated, for example, usipg a mammalian cxpression
vootor containing cDWA sequence encoding recombinant chicken avidin adjacent 1o a
multiple cloning site for inseriiun of ¢ speoific target gene fusion partner. The vector can
inelude an avidin sequence with its endogenous signal sequence to cnable seerelion of
discrete fusion gone partaers that do nol naturally contain signal sequences. ‘The fusion
protein expressed by the vector has un avidin protein ing af the N4terminal portion o' the
tusion parmer. The fusion swategy as describod hercin has the capability of secreting
nrofeirs that are normally expressed imracellularly, such as signal transduction genes or

nuclear hormong receptors.

Alternauively, a vector can be used that encodes avidin without its endogenous
signal sequence, which will result in C-terminal tagging of {usion protein partners. A C-
rerminal avidiv tusion also allows for protein sceretion hased on the ondogenous sicnal
segquence of the fugion parther, Such a strategy can be applied to allow for correct protein
processing and folding or to deferming validity of a proposed signal sequence.
Additionally, the voctor 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 pariner ssquences, Such enzyme-cleavable sequences allow fur separaion of

the fusion partner from the avidin for purification or protein release purposes.
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Avidin fusion proteins of the invention van be used, for example, fn snubody
sereening, tunctional characterization (dstennination of an antibody’s utility as an agonist
or antagonist, ncutralizing agent, cofe.), epitope mapping, or immumization strategies,
Avidin {usions of a target protein can alsa be utilized in pharmokinetic, efficacy ot otaer
standard assay formats designed 1o test preclinical samples or clinical pationt sampies for
ihe presence of the therapentic amibody int blood, urine, or other tissue samples. Avidin
fusion protein partners can be prepared as full-length or truncated sequences, speoific
isolated structural domains, or as chimerie sequences with other homologs of the fusion

parmer from other species,

Avidin fusion profeins can be expressed using any standard means of introdneing
genes into colls, as described heredn and known in the art, 'The proteins can be expressed
in, for example, 293 or CITO cells by transieeting the cells with an avidin fusion construct

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

Conditioned media and/or ccll lysates from celis expressing the fusion proteing
can be collected and applied to an assay substrate, such as biciin-coated polystyrene
beads or Biotincoated ELISA plares. Collecting the conditioned media and’or cell lysare
can be condnoted at a time point that allows for optimum expression of the fusion protein,
The time point can be determined experimentally by those skilled in the art, but is usually
about 4% hours postfranslection,  Fusion proteing can also he analyred al the cell
membrane or intrssellularly for expresston and functionality in binding knowa higands,

receptors, or aniibodies.

Avidin fosion proteins of the Invention can be unalyzed oy any known or
previously characterized methed that utilizes biofin-avidin interactions.  Such methods
include, bui are not limited to, flow cvtometry and fluorescent imaging/microseapy. For
cxample, avidin fusions expressed in media or coll Iysates can be applied {o biotin-coated
beads and stained with o flusrescently tagged unti-avidin antibody to indicate oxpression
lovel,  Also, fluorescent antibodics can be applied thatl recognize the specitic ftsion
protein partner in a multicolotimelric assay format.  Additionally, unlabeled antibodies
specific for the fusion protein pariner can be applied sinultancously with fluorescently
tageed andibadies in a competition assay,

in coripin embodiments, the invention provides methods for mapping epltopss

using avidiu fusion proteins. An example of an epiiope mapping method of the invention
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is provided helow with respect to mapping epitopes for anti-IL-1R1 antihodies. Howover,
one of skill in the art will recognize that such methods can be readily applicd to mapping
epitopes for any antibody and is not limited to anti-IL-1R1 antibodies. Tor examiple,
slNA epcoding chicken avidin (with endogenous signal sequence) can be joined with the
57 end of cDINAs encoding a protecin of interest (e a protein that is recognized by
antibodies for which deterimining an cpitope is desired) f{used to a FLAG-1ag sequence at
the 3* end. The FLAG-tagsed fasion gencs can be assembled in an cxpression vecior
using conventional moleeniar technigques. A paner of mutani 2vidin-FLAG tagged
proteins o swhich certain amiuo acids have beon substituted (e.g., with corresponding
amine seid residucs from another animal species) can be generated using conventional
techuicues, The mutant and wild type proteins can be cxpressed in host cells and bindiug
of the wild-type or mutant proteins with an antibody of interest can be detected using, for
cxample, Western blot analysis or bead-based binding 4ssays as described herein. Thus,
an epitope can be defined by determining which substitutions in the mutant proteins

destroy binding to the antibody of inlerest.

EXAMPLES

The following exaruples, including the experiments conducted and resuls
achieved are provided for illustrative purposes only and are not to be consirued as

Emiting the invention.
Example 1

Production of Human Monoclonal Antibodics Against Interlenkin-1 Receptor Type
1(L-1R1)
Transgeric HuMab Mice

Fully human monoclonal antibodies fo -1 recepor type 1 (IL-1R1) werc
prepared using the TICo7 strain of transgenic mice, which expresses human antibody
genes. I each of these mouse struins, the endogenous mouse kappa light chain gene has
been homozygously disrupted as described in Chen er al. (1993, EMBO J. 12:81 1-820),
end the endogenous mouse heavy chain gene has been homozygously disrupted 2s
described in Example 1 of International Patent Application Publication No, WO 01709187
(incorporated by reference). Bach of these mouse strains camics a human kappa light
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chain iransgene. KCo5, as described in Fishwild o af (1996, Natwre Biotechnology
14:845-8581).  The HCOT struin carries the HCo7 human “eavy chain ransgenc as
deseribed in U8, Pwent Nos. 5,545,800, 5,625.825; wnd 5545807 (incorporaivd hy

veference). The HCo7T struin s reterred ta herein gs Tl zh mice.

HuMuah Inmunizations

To gencrale 11lly huwnan monoclonal antibodies 1o IL-TRI, HuMuab mice were
immunized with purified recombinant 1T-1R1 derived from msect or mammalian cells
(for example, CHO cells) as witigen, General [imnunization schemes for Wedlah ndee
are described in Lonberg er of (1994, Nature 308:836-S539 Dishwild o &, supra. and
International Fatent Apphication Publication No, WO $4%/24884, the 1cachings of euch of
which are incarporated by reference).  Mice wore 610 woeks of aye upon the Jrst
infusion of anugen, A purilied recombinant preparation (25-30 gy of 1L-1R1 wntigen
(e.g.. purified from (ranslceted inscct or muanmalian celis expressing IL-1R 1) wazg need to

a2 the HuMab mice intraperitoneally (TP or subcuancously (Se).

Tmnwmizations of HuMab iransgenic mice were achieved usipp antipen in
complete Fronnd's adjuvast and two injecdons, mollewed by 2.9 weeks T immuizution
{ap to a total of 11 imnmunizations) with the antigen tn incomplete Fround's adjuvant,
Several dozen mice were mmmusized 1o vech andtgen, A wd of 149 miice of the HCo7
srrain oware immuiized with H-1IR1. The fmmune respense wias monitorad oy

refroorbiral bleeds,

To select HuMab mice producing antibwslies that bound T-IRI, sera from
immunized mice wery tested by ELISA a5 described by Fishwild ot al, supra. Briclly,
nicrotiter plates were vawted with purified recombigamt TH-IR1 drom insect or
mammalian cells at 1-2 pg/mL in PBS and 50 gLiwell incubated o -4°C uvernight, then
blocked with 200 4T Awell of 5% chicken serom in PBS/ Uween (0.03%). Dilutions of
plasma from 1) -1R1-mnnmized mice were added 10 euch well wnd inenbated 1oy 1-2
hours at ambient fomperature.  The plates were washod with PES/Tween und then
neubated with a goat-anti-lusman IpG Feespecific polyelonal reagemt conjuguted 10
horseradish peroxidase (HRP for | hour at rour temperature,  Plates were washed with

PES: [weer and incubated with a goat anti-human {gG Fe-speeific polvelonal reagent

O
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conjugated to horseradish peroxiduse (1TRP) for 1 hour at voom lempeorawze.  Afler
washing, the plates wore developed with ABTS substrate (Sigma Cherical Co., St. Louis,
MO, Catalog No, A-1888, 0.22 mg/ml) and analyzed spectrophotometrically at OD of
415-493, Mice with sufficient fiters of anti-IL-1R1 human immunoglobulin were used to

produce monoctonal antibodies as described below.

Gieneration of hybridomas producing human monaclonal antibodies to 1L-1R1

Mice were prepared for monoclonal antivody production by booesting with antigen
intravenously 2 days before sacrifice, and splecns were mmved thareafter, The mouse
splenocytes were isolated from the HuMab mice and fused with PLG to a mouse
myeloma coll line using stanxdard profocols. Tvpically, 20-30 fusions for each antigen

were performed.

Brieflv, single cell suspensions of splenic Iymphocytes from imumunized mice
wore fused to one-fourth the number of P3X63-Ag8.653 nonsecreting mouse niyeloma
cells (ALT.C.C., Accsgsion No. CRIL 1580) or SP2/0 nonsecreting mouse myeloma cells
{AT.C.C, CRL 1581) with 50% PEG (Sigma). Celis wers plated at approxinaicly
1x10%well in flat bottor microtiter plates, followed by about a two wosk incubation in
selective mcdium contuining 10% fetal bovine serum, 0% PABRD1- (AT.CC,
Accession No. CRL TIB-63) conditioned medium, 3-5% oxgen (IGEN) in DMEM
{Mediatech, Catalog No. CRL 10013, with high glucosc. t-glutamine and sodiam
pyrivaie) plus S m HEPLS, 0.055 mM 2-mercaprocthanol. 50 mgiml, gemamyein and
Ix HAT (Sigma, Calalog No. CRL P-7185). Afier 1-2 wesks, cells were cultnred in
nedium in which the HAT was replaced with 1T

The resulting hybridomas werc screencd for the production of antigen-specific
antibodies. Individuzl wells were screened by ELISA (described above) for human anti-
H-IRL moncelonal IpG antibodies.  QOuse extonsive hvbridoma growil oucurred,
medium was monitored wsnally after 10-14 days. Antibody-scereting hybridomas were
zeplated, screcned zgain and, if still positive for human 12G, anti-JL-1R1 monoclonal
antibodies were subcloned at least {wice by limiting ditution. The stable subclones were
then culiured ir vigro W0 generate small amounts of antibody in tissue eulture medium for

characterization.
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Selection of Human Moneclonal Agiibodics Binding to 11-1R1
An ELISA assay as described above was used to screen for hybridomas that
showed positive reactivity with 1L-1R1 immunogen, Hybridomas secreting a monoclonal

antibody  that bound with high avidity to IL-1R! were subcloned and {urther

1

characterized. One clone from cach hybridoma, which retuined the reactivity of parem
cells (as determined by ELISA), was chosen for making 2 5-10 vial cell bank stored in

Tiquid nitrogen.

An isotype-specific BLISA was performed to delermine the isotype of the
10 mwonoclonal antibodies produced as disclosed herein. In these experiments, microfiter
plate wells werce coaled with 50 gLAwell of a solution of 1 pg/mL of mouse anti-human
kappa light chain in PBS and iscubsted at 4°C overmight.  Afier blocking with 5%
chicken serum, the plates were reacted with supematunt from cach tested monoclonal
antibody and a purified isotype control. Plates were incubated & ambient emperatars for
t-2 hours. The wells were then reacted with either human IgGl, 1gG2 or IpGd-speciiic
borseradish peroxiduse-conjugated goat anii-humun polyclonal antisera and plates were

developed and analvzed us described bolow.

Monoclonal  antibodies purificd from hybridoma  supernatants fhat showed

significant binding to J1.-1R1 as detected by ELISA were further tested for biolopical

20 aoivity using /n viero binding assays and human chondroeyte and whole blood ceil-bused
assays. The antibodies that displayed the best activity wore designated 15C4, 2683,
2712, 24E12, and 10H7. Tie anubodics were suijected 1o a preliminery epiiope soriing
experiment. BLISA plates wers coated with human sli-1R U (14243 domain), francated
human sIL-1R1 (142 dowain). rat s0~1R1, human sU-1R type 1L and ovalbumin

(negative control). Antibody binding was detecied with a horseradish peroxidase-

ol
Wty

conjugared anti-Iluman Fo antihody (Pierce Chenicel Co., Rocklord. 1L}, The resalts ars
surmnmarized in Tedble 2. A cheek mark (V) in Tuble 2 reprosents a positive result for
binding; “X" represents a nogative resalt. Antibodies 1504, 2615, 27F2 and 28E 12 nd
only the IL-1R1 protcin that has all three extracellular domains, indicating that the
30 opitopes for cach fall within the third domain. Antibody 10717 binds both the full-length

extracelfiar domain 7.-1R1 and glso a truncated protein that has only domains 1 and 2,
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dernonstrating that the cpitope for this antibody lies within either donzin 1 or 2. Nonz of

the antibodies tested has eross-reactivity with human type 1 receptor or rat TL-JR1.

Table 2
OA Hu sILARA RusiL-R1 | Hu sIL-1Ril Rat siL-1R1
Antibody | {Nugative Control) | (1+2+3 Domain)) {1+2 Domain} | (1+2+3 Domain} | {1+2+3 Domain)
Cusca X y . x | X ' X
e ors .. — - r . : ;. — ~ —
7r2 X N x| :::m_“ ‘__:“x B
_24612 _—M;M , 3 , x o X | ;x !
10H7 X A o X X
Example 2

In Vifro inhibition of I1-1 Receptor Type 1 Complex Formation by anti-11.-1R1
Antibodies

i ability of the antibodies to inhibif the extracellular binding events requived for
i1 signaing was assessed with recom®dinunt proieins in viro in an assay in which I1-1
arding o -1 results in Jopmation of a high =1Tmity binding site for 11-1RAP, The
birding of IL-IRAct to H.-I-bound TL-IR {referod to us “complex fonmation™ ia
measured s foliows.  Recombinant proleins wers incubated ‘o binding assays in
mivrotier plates in the gdsence (control) or presence of antibodizs. 10,4 values wore
denived fron: comparisons of conirol values to valnes obtained in the presence of antibody
at concentrations between O VM and T 1)L Tn brief, the assay was conducted as follows,
Biotinylaed 1L-IR1 and streptuvidin-coated beads (Dvnal, Dynabeads M-28) were
dispensed in microtiter plates,  Antibody was ihen added o the appropriate wells in o
scnal ditution covering a broud range of concentrations.  11~18 or JL~1¢ was added m &
coneetration of I oh, and ILIRACD Libeled with suthenium (prepared with NHS-Tuy
(IGHEN)Y according  IGEN protceols) was added at a final concentration of § pM. After
incubation for 1 hour at room iemperature, the binding reaction was analyzed with either

an ORIGEN™ 1.3 or MR instrument (IGEN Internations! Ine.).  IL-1LRACP binding 1o 76~

6¥
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{ hound IL~-IR1 was detormined by detecting tho electrochemiluninescencs signal
associsted with the 1L-1R1 bound bewxds. ‘The reduction of signal resuliing from antibody
competition of either [L-1 or IL-TRACP binding was caleulared as percentage of ECL

signal [or maximum binding (no competition).

L0

The inhibition response curve for each antibody in these hinding assavs was
estairlished and ICsus were derived using PRISM™ software. The resul's for inkihition of
IL-10 induced binding cvenis are depicted by the graph in Figure 12, The ICsy velues for
inhihitioo1 of complex formation arc shown in Table 3 below., Amntibodies 154, 26F5,

TF2, and 24512 strougly inhibit complex formation. These antibodies are all TL-IR]
10 third domain binders, us deseribed above, Antibody 10017 belongs to a class of antibodies
that binds to & consiruct of the IT~1R lacking the third domain. 10H7 ix a less potent
sthibitor of I1-1 driven binding of IL-TRACP than the third donwin binders. Complex
forma‘ion inhibition by the antibodivs of the invention was compared with inhibition by
Ii-1ra. The third domain binders Jemonstrated similar or slightly greater ability to

15 inhibit complex formadion by comparison with IL-1ra.

Figure 13 depicts the ability of antibody 15C4 to inhibit LL-1R1AL-1a/RAcP
complex formation, The ICsy for IL-1RIAIL-LoRAcP complex formation was 43 pM.

Table 3
| Human anti-11-1K1 *

(5C4 265 27F2 |, 24E1z 10H7 cll-ra
S e At e———— § + st oo [O—
T1CF0 Piphd oM AWk 1 2mpal siuM 358

o~ l wmIee # v
« 983 Confidence TopMiu iz | HEMI 2P | 2ZMpdMic 51T | 228 pbeSAL | IO BGS LA
I Limity g b ] f od 5] M ! oM T3
Z0
Example 3

Anti-11,-1R1 Aufibodies Inhibit Binding of 11.-13 and 11-1ra to Receptor

The ability of mnti-1L-1R | sntibodies w inhibit binding of cither IN-1p or IL-1ra

to 1IL-1R{ was ussessed in an assay with recombinent proteins. 'The reaction mixiure

23 contained 0.1 mg'ml Dynabeads M-280 Streptavidin (Dyral) and 1 nM biotinylated IL-
1R1. Antibodies wore added af concenirations from 320 nh to 0.3 nh. Addition of
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ruthenium-tagged TL-18 (5 nM) or IL-Ira (1 aM) initiated binding that proceeded for 1
hour at room tempersminee,  The reaction mixtures were measured as above using an
ORIGEN™ 1.5 or MS instrunent (1GEN Imternational Inc.). Competition was calculuted
as the peregntage of HCL signal for maximum binding (no competition).  Antfhodies
15CY, 26F5, and 27F2, the most poient antibedies, block ligand (IL-13) binding t0
receptor, but do rot significamly interfore with the binding of IL-1ra compared with 1gG
contrel. In contrast, antibody 24E12 binds receptor but dovs not block TL-15 or IL- e
binding  receptor.  Thus, anfibody 24B12 represents & unigue cluss of third domain
bineders distinel from the cluss represented by 1504, 26F5, and 2762, Antibody 10H7
inhibits both: -1 and H-1ra frons hinding (o the receplor. The results are summarized

in Tigwre 14,

Example 4

Chondrocyte and Human Whole Blood Assavs

Primary human choodroeyes (Cell Applications Inc., San Diego, CA) were
seeded into $6-well phaes ot a donsity of 10,0600 cellsswell m DMLEM media containing
1% EBS and 1% Pen Sirep (GIBCO). Cells were allowed w0 recover overnight before
addition of anti-IL1-RT amibodiss at concentrations runging from 10 nM 1o 0.1 pM for 20
winutes, TL-15 was added to a concentration of | pM ( -ECsy) and calture supernatans
were Farvesied after 16 hours incubation at 37°C. 1L-6 levels in the supernatant were
measured using an ELISA (Pierce-Ludogen, Rockford, IL, Cats EH2IT -63) according to
the manufacturer’s irstmetions. The inhibition rosponse curve for cuch antibody of the
mvention in the cell-bascd ussuys was established und 1Cs, values were derved using
PRISM sofiwate.  Antibodies 15C4, 265, and 2762 arc potent inhibitors of I1.-3
signaling compared with T-fra (Figure 15A). Antibodies 24E12 aud 0H7 are markudly
less potert than 15C+4 ard 27F2 (Tigure 15R). The I, values for inhibition of IL-1B
induevd JL-6& production human chondrocyies arc shown in Tables 4A and <R

(corresponding to Figure 134 and 138 respoctivelyt.

Anti-]IL-TR1 monoclonal antibodies 15C4, 26FS, and 27F2 were pre-incubsted
40-60 minules with buman whole blood coflected Fom normal volunteers in sodium

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

i
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aliquoted wells of a S6awell plate, 30 pL of antibody was udded in RPMI medim

comeining 10% humm AR serum.

IL-13 was then udded 4t a concentration wf 30 pM

(EC:).  Culture supcrustants were hurvested afier 18 hours, and -6 levels in the

supernatant ware measured using an ELISA. As a corurel. Ji-Llra was pre-incubated 46

60 minutes with whole hlood and 1L-6 production was meusured as above, The thrse

anii-]L-1R1 antibedics blocked 1L-1 activity with poteney commparubie to that of [L-1ra

(Figure 16), The IC0 values for mnhibition of TL-T-imduced IT.-6 produciion in human

whole blood are shown in Table 3,

Table 44

Human anti-IL~-1R1 Aul}bmiips

. 15C

! 17F2

X ] N O
] 1C50 - 16 pM S2pM 26k ‘ ERESY] ]
LS f;‘;fff"“ ISpMw S M 20pMied0ph L WpMielipM | 22pMied6pM

Table 4B
- A %
Haman anti-IL-1R1 Antibodics
4 e T 24K12 rl-ra

I L M ZRpM TADM A 2
95% Confidence | >.BpMw 7 pVwd | A& wdlie 10 NA 17pMio 23 1

Linits M PN n’\;g ) - phl
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Mutagenesis and Fpitope Mapping
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Site directed mutapenesis (Altered Sites™ Tn Vitro Mutagenesis System, Promega,
Mudisor: WI) ot TL-1R1 was uscd 10 prepare a panel of mutant proteins (“muteins”™) in
which ral amino acid restilues were sgbstituted for the corresponding human sequence.
Fiftesn differcnt mutated plasmids were construeted (sce nunbered bars in Figure 17).
Plasimnids encoding these substituted proteing and the purental W-IR1 were transicntly
wanstecied in CTIO colls.  Mock framsfectants were generated es negative contruls,
Conditioned medium (CM) from these cells was concentrated ~20-fold using Centriprep
1y conceniration columos {Anjcon). Lxpression of the muteins wes assessed by SDS-
PAGE and Wesicrn blotting

«?

Thirieen mutant profeins wore expressed @t Jevels that
allowed evaluation of antibody binding.  The proteins wore Joaded onlo a gel,
electrophoresed and transferred to membranes. The membranes were hlocked in 14 nulk
m PRS, 0.1% Twesr-20 and then incubated for 1 hour &L room temperature with anti-{l -
IR antibodiss 1504, 27F2, or 24E12 at 0.5 ughrl, in PBS. 0.1% Tween-20  After
washing, membranes were meubated with goul unfi-human TeG-Fe-tIRP.  Signal was
deteeted vsing chenuluminsseenee (ECL) substrate (Pierce Chenneul Co., Rockford, 1.
Human specific sequences critical for antihody binding were identified as those that when
substituted with rat seyuences adveed or eliminated ECL signal.  (3C4 recognition of
mants 1, 2, 4 and 106 was impeired when compared 10 24E12 (Figure 18, top pancl).
Similarty, 27F2 binding to mutaats 1, 2 and 4 was impaired (Figure 18, middle vanel).

24E12 bad no significant binding to mumants 12, 13, 14 and 13 (Figare 1R, botiom pavel).

[solation and ¢haracterization of human anu-11-1R1 antibodies has 1demtified
three Jistinet classes of competitive antibodies (Figure 19). The strengest inhibitors of
1T.- biological activity, as demonstrated by cell-based bioassays, are those antihodics that
biral the third domain of 11L-1R1 and prevent IL-1-f} association.  Epitope raapping
experiments using a pancl of third domain mutant proteins has demonsirated that this
class of antihodivs, which inclodes 13C4, 27T2 and 26F3, shares an overlapping but not
identical, condormational epitope.  Figures 20 and 21 iflusirate the position of 1504
epitopes on the third domuin of the TL-1 receptor, in a ribbon diagram of 11~Tra hound 11-
b receptor (Schreuder et of., 1997, Nanre 386:194-200), The [L-1 recontor rosidues that
duetine binding of the most potent class of antibodies ure illustraicd n grav. These
anlibodics have demonstrated superior potency, and thus these epitopes define binding

sites for antibodivs ot a superior class, The 15C3 and 27T2 binding sies are overlapping

~
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but not identical, as determiined by the mutational analysis of the 13 different sites within
TL-1R1 deseribed above, The sites are depisted in Fioure 17 as numbered burs above the
protein sequence. Critical sites of interaction appear to be within mutatious af sites 1
(LSHIA; SEQ ID NO: 41}, 2 (VIDE; SEQ ID NO: 42), 4 (YSV) and 10 (TCHA; SHQ TD
5 NQ: 43). 15C4 and 27F2 binding sites are comprised within sites 1 and 2, since
substitution of the rat residves for the human residucs m cither site abolisnes binding,
272 ditfers from 15C4 in thut changes in site 4 completely abolish its binding, whercas
L5C4 binding is redoced but not completely climinated. Mutation 10 alke reduees 15C4
hinding, but 27F2 has ne obvious inferaction with this site. Examination of the crystal
10 structore reveals that these residues defing a face of the third domain that is otiented
towards the space oceupicd by bound ligand (Fipuves 20 and 21} (Vigers o o, 1997,
Nature 380:190-194),

‘Ihe second class of antiboadies identified, represented by L10H7Z, does net reguire

the third domuin for binding, and unlike the preferred class, intdbits IL-1ra bindingz. This
15 class in active In blonssays, but is less potent than the prefeiraed class,

1o conirast w the strong inhibition of IL-1 bioassays with the preferred class of
artibodics, 24E1{2 is an ineffective inhibivor in bloassuys. Antibody J4212 inhibits the
binding of IL-IRAcP with IL-T-bound 1L-1R. The epitope for this class of entibodies,
detined by mutanis 12, 13, 14 and 15, is proximel to the transmembrane domaln of 10~

20 1RI, and is in a region not directly imvolved in cither IL-1 or 1L~1ra binding (Figure 22).

Example 6

Cloning the anti-1L-1R1 Antibedv Heavy and [ight Chains

Cloning of the anti-1L-1R1 15C4 MAb Light Chat

25 ‘The iight chains for three hybridomes ;:xpms'sing alL-1R1 binding monoclonal
enithodies, 15C4, 2712, and 20FS were cloned into fhe roatmmalian cell cxpression vector
pDSRa19 (see Intornational Application, Publication No. WO 90/14363, which is hercin
incorporated by reference for any purpese). The construction of the plasmid encoding fhe

15C4 kappa light chain is cxplicitly deseribed berein; cloning of the other light chain

specics was perfonmed using simiar procedures. The wll-1R1 kappa light chain variable

]
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region was obtaiued using polymerase chain reaction (PCR) amplification methods from
first strand ¢DNA prepared from Il-1R1 hybridoma 15C4 total RNA preparcd using
TREzol® rengent (Invitrogen). First strand ¢DNA, was synthesized using a random primer
with an exlenswon adapter (57- GGC CGG ATA GGC CIC CANNNN NNT - 37 SEQ
D NO: 44) and 5 RACE (rapid amplification of ¢DNA ends) was performed using the
(reneRacer™ Kit (Invitrogen). Tor the complcte light chain, the forward prmer was the
GeneRacer™ nested primer (3" GGA CAC TGA CAT GGA CTG AAG GAG T'A -3
SEQ D NO: 45) and the reverse primer was 3™ GGG GTC AGG CTG GAA CTU AGG
=37 (SEQ 1D WO: 46). The RACE products were cloned into pCR4-TOPO (Tovitrogen)
and the DNA scquences were determined.  The 15C4 kappa chain consemsus DNA
sequence was used to design primers for full-length antibody chain PCR amplitication.
‘The 57 kappa PCR. primer encoded the arvino terminus of the signal sequence, an Xbal
restriction enzyme site, and an optimized Kozak sequence {(5°- CAG CAG AAG CTT
CTA GAU CAC CAT GTC GCC ATC ACA ACT CAT TGG G -3%; SEO 1D NO: 47).
The 3 primwr encoded the carboxyl terminus and termination codon, as well as & Sadl
restriction site {5~ CTT GTC GAC TCA ACA CTC TCC CCT GIT GAA GCT € -3%;
SEQ 1D NO: 48},

5" al~IR1 15C4 kappa primner (SEQ [D NO: 47):
- CAG CAG AAG CIL CYA GAC CAC CAT GTC GCC ATC ACA ACT
Xbal Kozak M 8 P 5§ @ L
CATTGG G -3
I G (SEQINNO: 4%)

3" alL-1R1 15C4 kappa primer (SEQ 1D NC: 48):
- CTTGIC GACTCAACACICTCC CCT GTTGAA GCT ¢ -3
Sall = ¢ B G R N I 8 (SIQIDNO:30)

The full-length oIl~-1R1 15C4 kappa chain clone was obtained using a pCR4:
1504 kappa clons by PCR amplification wit the 5" and 2 T 1R 15C4 kappa priners.
The PCR reaction generated a 733 buse pair produet encoding the 233 amino acids

residues (including the 19 amino acid kappa chain signal sequence) of the ¢IL-1R1 1504
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kippa chain, The PCR product was puriticd using a QIAquick PCR Purification kit
(ODiagen Cat. No.2810<), cul with Xhal and Sz, gel isoluied end purified nsing
QIAguick Gel Extraction kit (Qlagen Car, No.28704), This PCR fravment contuining the

complele ofL-1RT 15C4 kappa chain was ihen lgated info the ounmalian expression

voctor pDSRulY.  The 15U4 kuppa chain exprossion clone wus DNA sequenced w

confinm thai it encoded 1he same peptide that was identfied in the 1503 hybridouss. The

{Inal expression vector, pRSRo9:15CH Lappa is 5468 buse pairs and contains the seven

functional regtons described in Table 6,

Plasrid [rase

Paiz umber
210 881

Table 6

y aecmmamsssasasany  masasas s ©

P en—

A tanseaption termination poi’s*?dmvhizo.I umnal from the re-subuniz of |

i the bovine pitaitary glveoprotein hornyone {re-FSH) (Guodwin et al,
C1983R, Nucleic Acids Res. 11:6873-82; Geubambh Accession Number
XU

L2037 w 3947

| MeGirogan ot al., 1985, [ Bial, Chem, 260:2307-14)

A mouse dihydrefolate reductase {DITFR) moimgene containing the

endogenous mouse DHER promaoder, the ¢DNA coding sequences, and |
the DR transeriplion terminativaipolyadenyviation signals {Gassor et |
ai. 1952, Proc. Natl, Acad. Sei. UL 8. 4. 79:6522-6; Nanbery «f «f., 1980,
Cell 19:355-64. Seteer et ai, 1982, 1 Biol Chom. 257 51437

il

pBI{.% 22 sequences containing ¥ the an:apzmiim rosistance marker gf:m andd
the origin i replication of the plasmid in £. cofi {Cunbank Accession
Nuntber JUI749)

LrTyre—

3049 (0 4202 | An SVED cariy promoter, enhaneer wud origin of repliczion {Takebe et '
“el, 1988, Mol Cell Biol B:366-72. Genbavn Accession Nupiber »
Ju24nt

1299 10 4565 | A translzfonal enhancer elemont from the H' [‘L‘i ] L1R domain

iSeiki of al, 1983, Proe. Nad, Acad Sci U S A 836872, (,wlba:;kl
Accession Number JG2G29)

A37d e 4730

An mrep from the SV40 168, 195 splice denoraccepter siymals -

| {Okayama and Berg, [983, Aol Cell Biol. 3:280-9, Geabank Accession |

Munher JG2400)

4755 to 3468

The 13C4 kappa lmiﬁ; chain ¢DNA bum ven the Xbal and Sall sites

Construction of pHSR12:WIgGICy

A PDSRe19:xat variable regionfummn constant region TeGl FVIvhChiy Mab

exprossion plasmid was constructed as the result of « three-prece ligavon of Xhat and

an

i
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BT terminated ral antibody varisble region PCR product, the human TgG1 constant
resiom (Cq . hinge, Oy and Cy, domainsy derived by Sall cleavage and el izolaiion of
the AsmB1 and Sefl fragment from the linsar nlasmid pDSRal9:hlgGl Cp (HindlIT and
RsinBI cnds) and a linwarized pDSRaid with YDal and Sall ends (see co-owned and co-
pemding LS. Provisional Patent Application No, 60:370,407, fled April 3, 2002, “Hhuman
AnG-OPOL Neurralizing  Antibodics  As  Selective OPGI. Paibway  Inhibitors.”
incomorated by reference). The final expression vector, pDSRecl@rat variable
regionhunat consdunt region [gGL ((VR/RChI), is 6158 base pairs and corfaing the ?

futictional regions described inTable 7.

Table7
Plasoaid Beoar
Pai- Numilbwr:
210 881 A transeription termination‘polyadenylation signaf from the oi-subunit of

the bovine pivitary glycoprotein hormone (¢-FSH) (Goodwin «f al.
(983, Nuclefe deids Res, [1:0873-82; Genbank Accession Number
X0DDO4)

 K82102027 | A mousc dihydrofolale reductase (DFFR) winigene containing (he
i endogenous mouse DHFR promoter, the ¢DNA coding sequences, and

the DHFR transeription termination/polyadenylation signals (Gasser of
' al., 1982, Proc, Nad, dead. Sei. U, 8. A 79:6522-6; Nunbery o 2.,

VasQ Cell 19:355-64; Setzer e of., 1982, J. Biol Chem. 25781437
o McUrogan v af, 1985, J Bind Chow, 260:2307-14) o
2037 10 3047 pBR3ZZ reguences containing lne ampicillin resistance marker gene and |
the origin for replication of the plasmid in E, coli {Genbank Aceession
. Number 1017493 o . _ ,
3949 10 4242 - An SVI0 curly promoter, enhancer and origin of replication {Tukche o
ulo 198 Mol Coll il S106-72, Genbank Accession Number
somy )
A ‘ngsslutionz! enbancer cloment from the HTLV-] T'TR domain
(Sciki ef af [ 1983, Froe. Nail. Aced. Sci. U0 5. A, 80:3618-22, Genbavk
| Avcussion Number J02029)

A3M 104730 A istren from the SV4U 168, 198 splice donoracceptor siynals

(Ohuyama and Berg, 1983, Ml Colf Biol. 3:280.9, Genpank. Aceession
; Number JO25(x1)

473510 6158 . The rvh/hCh1 heavy chain cDNA between the Xbal and Sail sites. This
huavy cham fragment sequence Ts shown below (SEQ ID NO:51) with
the sequenees of the regtriction sites underlined:

T Kb
) TCLAG ATCACCATGS ACATCACGOT CAGCTTACIT TTCCITGTCS
l I 'l:i f’%(:f‘tI A{& A ;z(;g}imccw THTGAGY FAQ AATGGIGGA
UTCTGGUGHC GUCTTAGTAC AACUTGGAAG GTCCATGACA
CTCICCTOTU CAGCCICGGE AT TCACTTIC AGAACCTATE GCALTGGCUT
L f e 'GCCAG QOCCCAACGA AGGCTUTGGA CUGGGICTICA

76
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TCAATTACTG CTAGTGGTGG TACCACCTAC TATCGAGACT CCGTGAAGGG
COGCTTCACT ATTTTTAGGG ATAATGCAAA AAGTACCCTA TACCTGCAGA
TGGACAGTCC GAGGTCTGAG GACACGGCCA CTTATTICTG TACATCAATT

BsmB1
TCGGAATACT GGGGCCACGG AGTCATGGTC ACCGTCTCTA
GTGCCTCCACCAAGGGCCCA TCGGTCTTCC CCCTGGCACC CTCCTOCAAG
AGCACCTCTGGGGGCACAGC GECCCTGGGC TACCTGGTCA AGGACTACTT
CCCCGAACCG GTGACGGTGT CGTGGAACTC AGGCGCCCTG
ACCAGCGGCG TGCACACCIT COCGGCTGTC CTACAGTCCT CAGGACTCTA
CTCCCTCAGC AGCGTGATGACCGTGCOCTC CAGCAGCTTG GGCACCCAGA
CCTACATCIG CAACGTGAATCACAAGCCCA GCAACACCAA
GGTGGACAAG AAAGTTGAGC CCAAATCTTG TGACAAAACT
CACACATGCC CACCGTGOCC AGCACCTGAA CTCCTGGGGG !
GACCGTCAGT CTTCCTCTTC COCCCAAAAC CCAAGGACAC CCTCATGATC |
TCCCGGACCC CTGAGGTCAC ATGCGTGGTG GTGGACGTGA
GCCACGAAGACCCTGAGGTC AAGTTCAACT GGTACGTGGA
CAGCGTGGAG GTGCATAATG CCAAGACAAA GCCGOGGGAG
GAGCAGTACA ACAGCACGTA COGTGTGAGTC AGCGTCCTCA
CCOGTCCTGCA CCAGGACTGG CTGAATGGCA
AGGAGTACAAGTGCAAGGTC TCCAACAAAG CCCICCCAGC
CCCCATCGAG AAAACCATCTCCAAAGCCAA AGGGCAGCCC
CGAGAACCAC AGGTGTACAC CCTGCCCCCA TCCCGGGATG
AGCTGACCAA GAACCAGGTC AGCCTGACCT GCCTGGTCAA
AGGCTTCTAT CCCAGCOGACA TCGCOGTGGA GTGGGACAGC
AATGGGCAGCCGGAGAACAA CTACAAGACC ACGCCTCCCG
TGCTGGACTC CGACGGCTCC TICTTCCTCT ATAGCAAGCT CACCGTGGAC
AAGAGCAGOT GGCACGCAGGG GAACGTCTTC TCATGCTCCG
TGATGCATGA GGCTCTGCAC AACCACTACA CGCAGAAGAG
CCTCTCCCTG TCTCOGGGTA

Sall
AATGATAAGT CGAC =)

The linear plasmid pDSRa19:hIgGG1Cy was prepared by digesting the pDSR19:rat
variable region/human constant region IgG1 plesmid with the restriction enzymes Xbal
and BsmBI to remove the rat variable region and purified using a QIAquick Gel
Extraction kit. The linear plasmid pDSRa19:hIgG1Cy containing the 1 kbp human IgG1
constant region domain was used to accept hybridoma derived alL-1R antibody variable
regions.

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

The heavy chains for ten hybridomas expressing olL1-RI binding monoclonal
antibodies, 15C4, 27F2, and 26FS were cloned into the mammalian cell expression vector
pDSRal19. The construction of the plasmid encoding the 15C4 heevy chain is explicitly
described; cloning of the other heavy chain species was performed using similar
procedures. The alL-1R1 15C4 heavy chain variable rogion was obtained using PCR

amplification methods from first strand cDNA prepared from oIL1-RT hybridoma 15C4
77
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total RNA prepured usivg TRIzoll reagent. First strand cDNA was synihesized using a
sandom primer with an extension adapter (57~ GGC CGG ATA GGC CTC CAN NNN
NNT =37 SEQ T NO: 44) and 3 & RACE (rapid amplification of ¢cDNA onds) was
performed using the GeneRacor™ Xit. For the partial length boeavy chain, the forward
primer was the (GoneRacer™ nusted primer (87 GGA CAC TGA CAT GGA CTG AAG
GAG TA -3%; SEQ 11> NO: 45) and the reverse primer wus 57 TGA GGA CGC TG
CCA CAC G- (REQ ID NO 22 The RACE products were cloned into pCRA-TOPQ
and the DNA scquences were delermined.  The 15C4 heavy chain variable region
consensus DNA sequence was used to design primers for the heavy clwin variahe region
PCR amplitication. The 5” heavy chain PCR primer encoded the umine temminus of the
signal requence, an Xhal restriction enzyme sie, and un optimized Kok sequence
(5°-CAG CAG AAG UTT CTA GAC CAC CAT CGG GTC AAC CGC CAT CCT CG
37 BEQ ID NO: 53, The 3° primer encoded the carboxyl end of the variable region,
including o nutarally occurring senso strand BymBI site (5°-GTG GAG GCA CTA GAG
ACG GG ACC AGH GI'T CU-37; SEQ TD NO; 54).

5’eL-1R1 L5C4 heavy chain prinoer (SEQ ID NO): 53):
CLUAGUA AAGU UL OTA GAC CAC CATOG GGG TON ACCOOC
Abal  Womak M G S T A
AU -1
1 L {SEQID NG 55)

RUIL-TRT 180 heavy choin prisner (SEQ TD NO: 54):
L GTGGAS GOA CTA GAG AT GTGALUABG G Ly
T S A 8 8 ¥V T ¥ L T G{EEQINNOG)

Banhl
Construction gL the anti-IL1-RI TeGL Heayy Chain Bxpression Clone

The fuildength «1L-1R1 1SC4 heavy chain c¢lone wus obtaitied from a
pCR4: SCH heavy chain clone by PCR amplification with the 57 amd 37 wll-1R1 15C4
heavy chain primers  The PCR reaction generated a 442 base pair produet encoding the

L3 amiro acids residues {including the 19 amino acid heavy chain signal sequence) of

8
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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 and
purified using a QIAquick Gel Extraction kit. This fragment containing the complete
allL-1R1 15C4 heavy chain variable rogion was then ligated into the mammalian
expression vector pDSRx19:hIgG1Cy. The 15C4 heavy chain IgGl1 expression clone
was DNA sequenced fo confirm that it encoded the same heavy chain variable region
peptide that was identified in the 15C4 hybridoma. The final expression vector,

pDSRx19:15C4 TgG1 heavy chain was 6173 base pairs and contains the seven fimctional
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 et 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. 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 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, mhmu'andongmofmhwon('l‘akebed
al., 1988, Mol. Cell Biol. 8:466-72, Genbank Accession Number
J02400)

4299 1o 4565

A translationz] enhancer element from the HTLV-1 LTR domain
| (Seiki ez al., 1983, Proc. Natl. Acad. Sci, U. S. A. 80:3618-22, Genbank

4574 to 4730

An intron from the SV40 16S, 19S 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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Constructinn of pDSRI19hieG2Cy

A pDSRo19:hwnan variable reglonhuman constant region TpG2 (hVhhiCh2)

MADb expression plasmid was constructed as the result of u threa-piece ligation of Xigl

and BamBl terminated humun antibody variable rogion PCR producl, a human IgG2

5 constent region (Cur. hinge. Cin and Cys domains) PCR product with BynBl and Sell
ends and a lincarized plOSRat9 with Xbal and Sall ends. The final expression vector,
pDSRe Y human variable regionhuman constant region TgGl VHACRD) (see co-
awned and co-pending 178, Provisional Pateni Application No, 60-370,407, tiled Apnl 3,
2002, "Human Ant-QOPGT. Nowtralizing Antibodies As Sclective OPGL Pathway

10 nhibiions™), is 6164 base pairs and contains the 7 functional roginns deseribed in Table 9.

Table 9

Phesnud Posg
13 fair Ngnden
210 881 A transeription termination’polyadenylation signal from the w-subunit of |

the bovine pitnitary glycoprotein hormone (a-ESI) (Goodwin er o,
1983, Nucleic Acids Res. 11:6873-82; Genbunk Accession Numher
o Xomy) o )
| 38210 2027 1 A mouse dihwdrofolate reductase (DHM{) m;mg,f:uu mvuung Tthe
endogenous wouse DEFR promoter, the ¢cDNA codmy scancrees, and
‘., the TYHFR menscripiion tormination'polyadenylation signals (Gasser et
' cal., 1982, Proe. Natl, Acad. Sci. U, S, 4. 79:6522-6; Nunbare of of,
E ‘ 1980, Cell 19:385-04; Scizer ef al., 1982, L Bicl Chem. 257:5143-7;
McGrogan ¢f ul., 1985, J. Biol, Chem. 260:2307-14) o
F2031 to 3047 pRRI22Z sequences containing the ’;mpmiim resistance marker gene and
l the origin for replication of the plasmid in £, coli {Genbank Accession
Dumber JO1749) o
0350 4292 ‘ An SV40 ewrly p promoter, euhancer 2 origin of seplication (Takebe ef
al., 1088, Mnl el Biol R:A466-72, Genbank Accession Numbhor |
o Iezaag ‘
;4299 to 4563 A translational enhancer element from the HTLV-1 LIR domain
E y (Seikd et af. 1983, Proc. Natl, Acud. Sci. T 8. A, B0:3618-22, Genhank
Aceession Number JU2029)

~
S un |
|

|45?4 i0 4730 | An intron from the SV40 168, 198 “splice donor awz:picr szfrn.ela
i

————

{Okayama und Berg, 1983, Mol, Coll Bind. 3:280-8, Gerbank Acwmvn
} Number J02400)

| 4735 {0 0164 ‘ “The hVh hCin neavy chain DN.A between the Xhal and S.471 sites, The |
!
i

sequence of this heavy chafn fragment appears below (SEQ M NO: 57) i
| with the resiiction sites undetlined: |
Kba! '

M ——— - —— . \p—— -_—

— G —

80
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TCTAGA CCACCATGOA CATGAGGOTC (LG LCAGC TCL TGO
CCTGCTATTG TGGTTGAGAG GTGUUAGATG TGAGGTCCAG

CTCCTOTLHCAGHOTCIGGAT TCACCITUAS TOOLCATGUL 1TTGU AU TGRS

CUGGTGCAGTCIGGGGRUAGG CTTGUTACAT CCTGGRGGAET CUCTGAGAL ”I'

TTCGCCAGGCTCCAGGAAAA GUTCTHUAGT GUOGTATCAGG TATTGOTACT |

CUATGOTGEGACATACTATOC AGACTICOO TG AAGGGOUGAT TOALL ATC L
CAGAGACAATGCCAAGAACT CUONTOTITOT TUAAATGAAT AGCLUTOAN
COGAGGACATOGUTGTOTAT TACTGTACAA GAAGAAACT
B Ky
GOGACAATTT CACFACTGROUUTCAGGGAAC CCTGGTCACC CGICTC PAGTG
CUTCCACCAA GOGCLCATCGGH ITUCUUC TOOUGCLCTG CTCCALGAGE
ACCTCOGAGA GLACAGCUGCCCTUUGOTEU CTGGTCAAGG ACTALT A C
COANCOLOTG ACGUTOTCETGOAACTCAGL CACICTGACT

CUTCAGCAGLE GTOGTEACCE TOUCCTUCAGUAALTTIOGC ACTUAGALU

' CACACCIGUAA OGTAGATCAC AAGCCCAGCAACACCAAGOT

GUACAAGACA OTTGAGCOUA AATUTTGTOE
COAGTGOCCACUUTGOCOAG CACCAUTTGT GOCAGGATCO TCARICT (¢
TOTTCCCCCUSAAACCCAAG GACACCOTOA TGATOTCOCG A UITRAG
UTCACHIUGCGTOETGUTGGA CGTUAGTUAC GAAGACCTLG
AGGTCCASTT CAACTGETACGTGOHATGHU G TGRAGETGUA
LAATGUCAAG ACAAAGCCAC GOGAGUAGCAGTICAACAGT
ACGIPCCOTG TOGICAGCOT CCTUAUTOTT GIACACCACGAUCTNGITGAA
COGCAAGGAG TACAATIGICA AGOTCILCCAA
CAAAGGCCICCCAGCLOCCA TCOASALAN CATCICCAAA
a(‘t AAACGEC AGCCCCGAGAACCATAGUTG TACACCLTSC
CLOCATUCCH GOAGGAGATO ACTAAGAAC CAGG ICAGUCT
GACCIGCCTO GTCAAAGGUT TUTACCC CAG UGACATCGUCG ITGAGTGO0
AGAGCAATOG GCAGCCGGAG AACAACTACA
F AUACCACACCTCCCATOUTG GACTCCOUACG GCTCCTTONT CUTOTALALC
. AAGCTCACCGTGUACAAGAG CAGGTOGUAG CAGCEGGAACG
CTCTTCTOATG CTCOG JOVTGUATGAGGCIL THCACAACCA UTAUAL CUAL
2y
AAGAGCTIC CUCTRTCTCCOGUG A AN TOA TAAGICGAC

-

g - o ——

The linear plasmid pDSRul9:higG2Cs was prepared by  dipssting the
pDSR 19:buman variable region‘human constant region [3G2 plasmid with the restriction
enzymes Nhal and BsmBI to remove the human variable region and purified usicg o
QIAquick Gel Extraction kit Jhe lingar plasmiad pDSRuIO:hIgG2Cy contansing te

kbp hunan [gi2 constant regian domain was uscd to aceept hybridoma devivad wli-1IR

aniibody variable regions.

Constraction of the anti-TL1-RT TeG2 TTeavy Chain Lxpression Clong

The reib-1R1 15304 heavy chain variable region ficgment, deseribed abuve, wis

Lgated into the mammalian expression vector pDSRaI9higG2Cy.  The 15C4 heavy

§1

AGCGGOG TGO ACACCOTTCTC AGCIGTCLTATAGTCCTCAG GACTCTACYC -

Vv m—— G ———————————
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chain Te(32 cxpression clore was DNA sequencad o confirm that it encoded the sams
heavy chain varisble region peptide that was identified in the 15C4 hybridoma. The final
capression veetor, pOSRu12:15C4 JG2 heavy chain was 0161 baso pairs and contains

*he seven functional rogions described i Tuble 10.

5
Table 10
Pl Basg
Laz Nunlsg . . — e
2 11 881 " A transeeption termination polyadenvlztion signat from the w-subunit of
the bovine pituitary glyeoprotein hormone {(0-FSH} (Goodwin «f al,,
1983, Nucloie Acidy Res. 11:6873-82; Genbank Accession Number !
X000y -
$82102027 | A mouse dihydrofol ale reductuse (DHER) minigene containing ii{ﬂ
erdogzonous mouse DHER promoter, the ¢DINA coding ssouences, und
the DHER trapseription teauinatiotspolyadenylistion signals (Gasser &
al., 1982, Prov, Nwdl Acad Soi, U0 8. . T9:16522-6; Nunborg f r:!.,l
I [U80, Coil 19:355-0m Sctzer e of., 1982, J Biol Chem. 257:5143-7;
F' __McGrogan er el 1985, J. Biol. Chem. 260:2307-14) |
uli to 3947 i pl&.k{B SCQUenCes wnfatmn« the ampml}zn rosistance merker g pene and
the origin for renlication of the plasmid in £. coli {Genbank Accession
' Number J01749) o . J
3949t 4292 | An SVAD early promoter, enhanesr and origin of replication (Fakche ef
Cal, 1988, Mol Cell Biol §4606-72, Genbank Acgession Number
e L T02a00y S—
429910 45(11‘; A tranafutional enhancer element srom fhe HTLV-1 LTR domain I
{Suiki er al,, 1983, Proc. Natl, Acad, Sci. 11 8 A 8Q:351K8-22, Genbunk |
| Accession Number 112029 Hmt
4574104730 An inwon ‘rom the SV40 165, 155 splice dmmr;atmpm; signals
i ' {Okayama and Borg, 1983, Mol, Cell Biol. 3:280-5, Genbank Accession
- ixmnbhr,mu{}i}; )
478510 6161 The 1504 heavy cmm Iz,(:n. ¢DN. X belwoen ihw‘ifml and Sgl sies
1
Consirnction of pRSRIZ:hIeGaCy
A pDSRal9timan vaneble regionhuman conslant region 1G4 (hVhvh(Chd)
15 MAD expression plasmid was constructed as the rosult of @ thrce-picee ligation of Xbal

amd BsmBI terminated human antibody variable region PCR product, a gel {solated
Baml3T and Sall digested hunyan 1264 constant region (Cay, hinge, Cyo and Cy: domaing)
fragment and & linearized pDSRal9 with X¥eal and Safl ends. The final expression yectoz,

pDSRat9 liwman voriuble regionhumen constent region 1gGd (WWVhBCh4) (see co-

82
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owned and co-pending U.S. Provisional Patent Application No. 60/370,407, filed April 5,
2002, “Human Anti-OPGIL. Neutralizing Antibodies As Seclective OPGI. Pathway
Inhibitors™), is 6167 base pairs and contains the 7 functional regions described in Table

11.

Pair Nambez

Table 11

2 1o 881

A transcription termination/polyadenylation signal from the o-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 containing the
endogenous mouse DIFR promoter, the cDNA coding sequences, and
the DHFR transcription termination/polyadenylation signals (Gasser et
al., 1982, Proc. Natl. Acad. Sci. U. §. 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 JO1749)

| 3949 10 4292

An SV40 early promoter, enbancer and origin of replication (7akebe et
al., 1988, Mol. Cell Biol. 8:466-72, Genbank Accession Number
J02400)

4299 to 4565

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

4574 to 4730

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

4755 to 6167

The hVI/hChé4 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 GTCCCOGCIC AGCTCCTGGG
GCTCCIGCTA TTGTGGTTGA GAGAGTGCOCAG ATGTGAGGTC
CAGCTGGTACAGTCTGGGGA AGGCTTGUGTA CATCCIGGGG
GGTCCCTGAG ACTCICCTAGTGCAGGCTCTG GATTCACCTT CAGTGGCCAT
GCTTITGCACT GGGTTCGCCAGGCTCCAGGA AAAGGTCTGG AGTGGGTATC
AGGTATTGGT ACTCATGGTGGGACATACTA TGCAGACTCC GTGAAGGGCC
GATTCACCAT CICCAGAGACAATGCCAAGA ACTCCTTGTT TCTTCAAATG
AACAGCCTGA GCGCCGAGGACATGGCTGTG TATTACTGTA
CAAGAAGAAA CIGGGGACAA TTTGACTACTGGGGCCAGGG

BsmB1

AACCCTGGTC ACCGTCTGTA GTGOCAGCAC CAAGGGGCCATCCGTCTICC |

83
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ACCAGCGGOG TGCACACCTT CCCGGCTGTCCTACAGTCCT CAGGACTCTA
CTCCCTCAGC AGCGTGGTGA CCGTGCCCTCCAGCAGCTTG GGCACGAAGA
CCTACACCTG CAACGTAGAT CACAAGCCCAGCAACACCAA
GGTGGACAAG AGAGTTGAGT CCAAATATGG TCCCCCATGCCCATCATGCC
CAGCACCTGA GTTCCTGGGG GGACCATCAG TCTTCCTGTTCCCCCCAAAA
CCCAAGGACA CTCTCATGAT CTCCCGGACC CCTGAGGTCACGTGCGTGGT
GGTGGACGTG AGCCAGGAAG ACCCCGAGGT
CCAGTTCAACTGGTACGTGG ATGGCGTGGA GGTGCATAAT
GCCAAGACAA AGCCGCGGGAGGAGCAGTTC AACAGCACGT
ACCGTGTGGT CAGCGTCCTC ACCGTCCIGCACCAGGACTG GCTGAACGGC

ATCCCAGGAG GAGATGACCAAGAACCAGAT CAGCCTGACC
TGCCTGGTCA AAGGCTYCTA CCCCAGOGACATCGCOGTGG
AGTGGGAGAG CAATGGGCAG CCGGAGAACA
ACTACAAGACCACGCCTCCC GTGCTGGACT CCGACGGCTC CTTCTTCCTC
TACAGCAGGCTAACOGTGGA CAAGAGCAGG TGGCAGGAGG
GGAATGTCTT CTCATGCTCCGTGATGCATG AGGCTCTGCA CAACCACTAC

Sall
ACACAGAAGA GCCTCTCOCTGICTCTGGGT AAATGATAAGTCGAC |

Tbe lincar plasmid pDSRa19:higG4Cy was prepared by digesting the
pDSR19:humen variable region/human constant region IgG4 plasmid with the restriction
enzymes Xbal and BsmBI to remove the human variable region and purified using a
QIAquick Gel Extraction kit. The linear plasmid pDSRa19:hIgG4Cy containing the 1
kbp human IgG4 constant region domain was used to accept hybridoma derived all-1R
antibody variable regions.

C ion of the gnti-IT1-RI leG4Heavy Chain ion.Cl

The all-IR1 15C4 heavy chain variable region fragment, described above, was
ligated into the mammalian expression vector pDSRa19:hIgG4Cy. The 15C4 heavy
chain IgG4 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, pDSR.19:15C4 IgG4 heavy chain was 6164 base pairs and contains
the seven functional regions described in Table 12.

Table 12
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Plasmid Bage
Lair Nurbe,

PCT/US2003/027978

2 to 881

| A transcription termination/polyadenylation signal from the a-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 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. Nail, 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)

3949 10 4292

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

4299 to 4565

A translational enhancer clement from the HTLV-1 LTR domain
(Seiki et al., 1983, Proc. Natl. Acad. Sci. U. S. A. §0:3618-22, Genbank
Accession Number J02029)

4574 10 4730

An intron from the SV40 16S, 195 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 1gG4 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
reference). Briefly, the DNA. sequences encoding the complete heavy or light chains of
cach 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
neavy chein and an expression vector expressing the complete light chain of the
appropriate anti-IL-1R1 antibody. For example, to generate the 26F5 antibody, cells are
co-transfected with a vector capable of expressing a complete light chain comprising the
amino acid sequence as set forth in SEQ TD 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 antibody, cells are co-
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mafected with a vector capable of cxpressing a complete light chain comprising the
amine acld sequence as set forth in SEQ 1D NO: 28 and a vector cupable of CXpressing a
complete heavy chain comprising the amino acid suquence set forth in SEQ B2 NO: 26,
SEG 1D NO: 24, or SEQ ID NO: 3. To gescrate the 15C4 antibady, colls ure co-
travsiected with a voctor capable of cxpressing o complete lght chain conmprising the
amino acid sequance as set forth in SEQ 1D NO: 40 and a vector capable o exprussing a
complete heavy chuin comprising the amine acid sequence set forth in SEQ T NO: 32,
SEQ 1D NO: 34, o SEQ 1D NO: 36, Tuble 13 summarizes the complele hoavy and
coniplete light chains for the various 1L-1R1 antibodies. The designation “.../lgG__”

dusenibes the sequence of (he constant region for the particular antibody,

Table 13
! i Heasy Chair Vartuble Region |
Aat{ibody ‘ + Complete Heavy Chain
L. Heavy Chain Constant Region ]
| 26ES T S - SEGQIDNLE L | SEQIDRQ. 19
{mucleotie) ‘ EO‘_U_‘QQ ng N1 1 N IDAO. e e
K5 SFQIDNO: 104 SBQ D N0: 2 ‘ SEQTD NO: 20
{aniino weid} o o ,
2615/ 1gG ; " ep O
‘“{nmimc} . SEQU 3 NO: 9 - :;EQM[I:NO SRQID C}.Zi
DR 25 AR SEQ 10 ey 22
faminoaci) SLQ Efi”x{} 10+ SEQIN NG 6 ! SEQ mm 0 ?m, |
ZﬁFﬁz'ig(i‘i ST N (31 & IN(G:T 1 8 )
! (nicleotids) ‘WS?Q ID?\()..‘)} SRQIL SQ'@” EQ D !&i} A3 .
26¥V5/IgGH4 ) e e . >
(amsing aci) QN Mi 16 ¢ SEQID \c:sﬁ Su;g‘m};o. 24 |
F27ELIC) - O T e 3
nactentide) k SEQID w:i -SEQ D NO: ; f_ll{\ 10 x(}__ 25
27FigGl - —

%“Qll} Oy 1 QLQ Mkih2 I SEQIN KO 36

SPQIDNG: 134 SEQIDNO: 5 1 SEQID X NO: 2

{amino acid)
I 27F G2
{nuclestide)

’l f:i?;“;fd} SEQ 1D NO: 14 - S5Q 1D NO: 6 | SEQ 1D N0 28
MG T T ot G 1 SLQID NG Y | SEOID A 2
(nucleotide} SEQID Nk 14 - SLQID AT | 8 31D N 29
e
(ammino acld)
15046
(nueleotidey
15C415G1

{aming acld) -

|
15C41gi2 ) E
(nuclestide) io D NO: 5+ 810 m NES rSf"Q IDNO: 32 |

[15C4TpG2 - e — e
| (winoacid) | SLOWNO: 16 SEQIDNO; 6[3{,,(21[}}49 32
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15C4gli4 o R
P | SO 1D NO: 15+ SEQID NO: 7 SEQID X0 35
. {RCAgG

b 3 - Sl . P sE 3 £y 3
{asaino acid) | SEQID ?1:26 SE( wﬁ)?&.a | SEQID N 36

e e — [—

T 'TE:i_gg{Chain Variable Iiegiemm ‘

Antibody * Complete Light Chain
o o | Ldgbt Chain Constamt Reglon —
fﬁﬁéﬁﬁi} STQIDNO: 11 +SBQID NO:3 | SRQTDNO: 37
j:ﬁ%’fgm} SEQIDNO: 12+ SEQIDNO: 4 | SUQIDNO: 38 t
'g;‘;m " B 1RO 17 SEQID NO: 3 | SEQID NO: 39
Méffliii;ig,ﬁ?i o ISEQﬁ}Zéi?‘f 18+ SEQIDNO: 4 $EQ ID NO: 40 l

Stable expression of ant-TL-1R1 aniibodies is achieved by ce-transfecting
dihvdrofolate reductese delicient {DHFRTY CHO AM-UD cclls with the expression
veelors, Transfections are carvied out using standard techniques {calcium phosphaw co-
precipitaion) and DHFR selection.  Transfected colonics are isolated and grown fo
confluence in 24-well plates, :f‘x.atibudias produced by irunsfected cells arc examined for
appropriate folding and neutralizing activity, Cloaes oveiproducing approptalely folded
anti-1L~1R 1 antibodies of the IgGl, 1pG2, und Ig(4 isotypes ars selected and antibodies
arc purified as described helow.

Example §
Produciion of anti-IL-1R1 Antibody

Anti-fI.-1R1 antibodics are produced by expression i a clonal line of CHO cells,
Tor each produgtion ran, cells {rom a single vial ave thawed inte serum-free cell culture
media, The ceils are grown inifially in a T-fiasi and ere serially expanded duough 4
serfcs of spinner flasks until sufficient inoculum has heen generated fo sued a 20L
biorcacior. Following growth for 5-10 days, the cuiture is then used 1o inoculule « 3001
biorsactor. Following growth for an additional 5-10 days, the culture is used to nocnlate
& 2000L bioreactor. Production is carrivd out in a 20001 bioreactor using & fod batch
sulture, in which a nuirient feed contzining concentraicd media compenents is addud w©

maintsin ecll growih and culwre viubility, Production lasts for approxiruately two woeks
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during which time anti-lL.1-R1 antibody is cousfitutively produced by the colls and

secreted into the cell culture medium.

The production reactor is conwolled at set pli, temperatuze, and dissolved oxygen
fevel: pfl is conbrolled by catbon dioxide gas and sodium casbonaie addition; dissoived

oxygen is controlled by air, pitrogen, and oxygen gas fiows.

At the end of production, the cell broth is fed into a disk stack centrifuge and the
culture sepermatant is separated from the cells. The concentrate is further clarified
firough a depth filter followed by a 0.2 jum filter. The clarified conditioned media is then
concentrated by fangential flow wlmafilzution. The conditioned raedia is coucentrated 15~
w 30- fold. The vesulling comcentrated conditioped medium 1s then either processed

through porification or frozen for purification at a lafer date.

Example 9

Epitope Mapping Using Avidin-Fusion Proteins

To generate avidin-fusion proteins, ¢DNA encoding chicken avidin (with
cndogenous sighal sequence) was joined with the 57 end of cDNAs encoding the mature
extracellular domains of hbuman- ur eynomolgus IL-1R] fused o a FLAG-tug sequence at
the 3° end. The FLAG-tagged fusion genes were assembled in a pAT. TERMAX vector
vsing conveniional molecular techniques. The amino actd sequence of the avidin-human
IL-IR ! fusion protefn is shown in Figure 23 (SEQ IDNO: 59}, The amino acid sequence
of the avidin-cynomolgus 1-1R1 fusion protein is shown in Figure 24 (SLQ 1D NO: 60).
A panel of mutant avidin-cynoll~1RI-FLAG proteins in which human emino acids were
substituted for the corresponding cynomolgus residues was generated using the Altered
Sites [T Mammalian In Vitro Mutugeuesis System (Protnegs Corp.). The mutations are
lustrated in Figmte 24,

Plusnids encoding the avidin-cynoll-1R muiant and wild-type proteins ag well as
the avidin-hulL-1RT-ILAG proicm were wansionily wansfected into 293T cells using
sytofectine transiection reagent (Bio-Rad Laboratories, Tne.). Mock transfectants were
used as negutive controls. Anti-hull ~1RT monoclonal antibody (MAb) binding to these
proieins was evaluated by Western blot and bead-based binding assave esing conditioned
medium (CM) barvested from the (ransfected cells.
8¢
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For Western olot analysis, CM was diluted 133 in non-reducing SIS sample
buffer, hoiled for 5-10 minules and loaded onto 10% Tris-glycme gels, Follow!ng SDS-
PAGF and Western trensfer, the membranes were blucked with 395B5 871 % ovalbumin in
PRS00 Tween-20 (PBST) and stuined with amti-hull - IRTALADS. A poat anid-buman
1gG-Fe-HRP antibody (Pierce Chemical Co.) diluted 13 15,000 in PRSI was used for

ccondary detection.  Anti-FLAG detection was used to normalize tor prowin loading.
Tmage capiure and densitometry sere performad using 4 FluorChem 8004 diopal imaging
sysiem (Alpha fonoteck Carph. The signal intensitics Jor the anti-hutl- [R] MAbs wore
normalized against the values for the anti-FLAG antibody to account {ur varation in
prowin loading, Autibudy hinding was expressed 2  perceniage of binding 0 the
avidin-human IL-1RI-FLAG.

Tha results of the Western blot are shown in Fizwe 2540 Plaure 238 shows the
dansitometrie analvsis of a duplicaic 521 of Wesearn blut eaperimentz, Thenum residucs
cridical for antbody binding are those (hat restors signal when substituted into cvaoll -
IRL In general, mutations 1 and 2 (illustrated in Figure 2.3), alonc or in combination,
restored binding to maany of the amibodies (15C413G2, SBR, 102, 24H2, 16EY, 26F4 and
20€31) while nmtations 10.1 and 10.2 did not. None of these antibodics bound (o wild-
type cvnoll-1RL. Two catibodics (272 and 19CK) boukd consistently to 2l the mutung
profeins a3 well as W wild-tepe cynell~1RT This sugpested that epitope 4 residues
Y279-VIE1 of oynell - 1R]), identified in ke ravhuman paralog proteins 1 d unchangod
in oynemolgus 10- LRI, was the dominunt epitope for these antibadies, Tpitope ~ 2 boid,

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

In the muitiplexed bead-based binding assavs, avidin Rusion prowing wore
captured by inechation of the CM with blolin-coafed fluorescent beads. one bead set per
fusion protein (Beodlyvte Multi-Biotin 10plex Bead Kit: Upsiate Biotechnologies), Tae
peads were washed and pooled in PBST and alignoted to the wells of & Uo-well filter
notrom plate {(Millipore Corp.). Antipndies fanti-hull-TR1 MADbs or anti-FLAG MAb)
were added at 285 pp/md and incubated for 1 bour, The beads wore again washed and a
mixiure of Phycosevilizin-coningaed mui-mouse JpG amivody and ami-human Ig(z
{Fab’32 was ased w detoct antibody binding.  Atter a 1 howr incubation, the heeds ware
washed and resnspended m PBST. Mean luorescorce intensitics (MTT1 wore measured

usiag a Lumines 100 (Luminex Corp). [he data were normatized using the MPT valaes
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for enti-FLAG MAD binding o account for varistion  protein loading. Antibody
hinding was exprossed as 2 percentrge of binding 10 the avidin-hulT-IRI-FLAG (Figure
26). ‘The binding pattern of the anti-TL-1R1 antibodies to the avidin-cynoILIR1-FLAG
proteins rmuated with human residues as weil as to wild-type cynomolgus and haman IJ.-

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

it shonld be understood that the forcgoing disclosuce emphasizes cortain specific
cmbodinents of the invention and that all medificalions or altematives equivalent thercto

are within the spirit and scope of the luvention as set forth in the appended claims.

9



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 amine acid
sequence as set forth in SEQ 1D 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 6, wherein the heavy chain variable region comprises an amino
acid segquence 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 anfibody 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 {o
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 humans).

18. The antibody of claim 1, which is an |gG2 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: 786,

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: 63, 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 (IL.-1R1),
wherein the antibody comprises a heavy chain variable region comprising SEQ 1D NO:80,

and a light chain variable region comprising SEQ 1D 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 aniigen 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,
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51.

52.

(c)

(d)

(e)

(f)

(9)

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, 8EQ ID NO:
22, SEQID NO: 24, SEQ 1D NO: 26, SEQ D NO: 28, SEQ ID NO: 30,

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 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 ID 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 ID NQ: 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

(a)

(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-1RI);
a nucleotide sequence that encodes an amino acid sequence of SEQ ID NO: 18,
SEQ ID NQ: 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 amine 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 (&)-{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
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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.



