12 OCT 2005 WD 02/083854 PCT/ US02/ 11521 ANTI BODI ES TO VLA-i I&tPgﬁE THE
| NVENTI ON This invention relates to antibodies to VLA-1 intbg 5the use
of these antibodies in treating inflanmatory di seases and ot her

i mmunol ogv@edwsdgsaorders. This invention also rel ates to pcraseryseal
structure of the conpl ex between one such anti body and the al | domain of
VLA-1, and to the use of this structural information for conputational drug
desi gn. BACKGROUND OF THE I NVENTION Integrins are a superfamly of cel
surface receptors that nediate cell- 10 cell and cell-matrix adhesion. These
proteins are known to provide anchorage as well as signals for cellular
grom h, mgration and differentiation during devel opnent and tissue repair.
They have been inplicated in inmune and i nflammatory processes. Integrins
are heterodineric proteins conposed of two noncoval ently |inked polypeptide
chains, a and P. The am no term nus of each chain forns a 15 gl obul ar head
that contributes to interchain linking and to |Iigand binding. The gl obul ar
heads are connected to the transnmenbrane segnents by stal ks. The cytopl asm c
tails are usually less than 50 anmino acid residues long. Integrin

subfam lies were originally defined on the basis of which 13 subunit was
used to form the heterodi ners. The 131-contai ning |ntegr|ns are al so call ed
VLA nol ecules, 20 referring to “very late activation" antigens. VLA-1 to
VLA-6 refer to 131 subfam |y nenbers containing al to a6 (i.e., CD49a to
CD49f), respectively. For general t 2 OCT 2005 WO 021083854 PCT/ US02/ 11521 2
review, see Cellular and Ml ecul ar ol eds. Abu]. K. :Abbas et al.,

W B. Saunders Conpany, PhiIadeﬁ&ﬁlﬁﬂjﬂﬁﬁilggglﬁcélIagen (both types | and
V) and laminin are known |igands of -al (31 integrin (i.e., VLA-1). VLA-1
has been inplicated in cell adhesion and mgration on 5 collagen (Keely et
al ., 1995, J. Cell Sci. 108: 59FE0H;ORTHEIVERTI®EY al ., 1996, J. din.

| nvest. 97:2469-2477); in_pronoting contraction_and reorganlzatlon of

col lagen matrices, a Chsipveation midesiesntibndioaidAdanteayn aubthgasackt al .
supra; -and. GReLom, ﬁbodlesmtreahngmﬂmmatorydlseasesandoﬂlernnmunologmaldxsordets

5 This invention also relates to the crystal structure of the complex
between one such antibody and the a1-1 domain of VLA-1, and 1o the use of this
structural information for computational drug design.

BACKGROUND OF THE INVENTION
Integrins are a superfamily of cell surface receptors that mediate cell-
10 cell and cell-matrix adhesion. These proteins are known to provide anchorage as well
as mgnals for cellular growth, migration and differentiation during deve10pment and
tissue repau They have been implicated i in immune and inflammatory pmcesses
e ' Integrins are heterodimeric protcms composed of two noncovalently
linked polypeptide chains, o and.B. The amino terminus of each chain forms a -
15 globular head that contributés to interchain linking and to ligand bindirig. The
" globular heads aré ‘connected to tﬁe transmembrane segments by stalks. The |
‘cytoplasmic tails are usuatly less than 50 amino acid residues iong- Intcgﬁn
subfamilies were ongmally defined on the basis of which subunit was used to form
the heterodimers. The [31-conta1nmg mtcgrms are also called VLA moleculcs,
20 referring to “Very late activation™ antigens. VLA-1 to VLA-6 refer to Bl subfamily
members contmmng al to a6 (ic., CD49a to CDA49f), rcspectwcly For general



1991, Cell 67:403-410); and in regulating the expression of genes involved
in extracellular matrix renodeling (Riikonen et al., 9‘92 gT @Eg Chem
270: 1-5; and 10 Langholz et al., 1995, J. Cell Biol. 131 99 1 ). Thus,

i npr oper wioeg@B3ssd on' of VLA-1 may result in certain pat h@®agisganieondi ti ons
such as fibrosis. Mreover, it has been suggested that VLA-1 nmay play a role
in T cell /nonocyte-driven diseases. Antji-VIA-1 antibodi es block-7-ca dint
cyl oki ne expression (Myake et al., | 9932 -J. Exp. Med. 177:863-$68).
Expression of VLA-1 is 15 increased in persistently activated, 2 to 4 week
old cultured T cells (Hemer et aL, 1985, Eur. J. Imunol. 15:502-508).

VIA-1 is al sde@mr@g ulsn aadifefecuperivennabpgy ofds. Abeldll Abbasct alt,M.B.r om t he

synovi um of wi t h t.0i r itis (Hemer et al., 1986, J.

din. Investp‘? 017'62')‘5”&%@9@‘? (ch gbg(ﬁ structures of integrin a subunits

have been det erni “ed lag&‘fga%}@gestm(i‘ﬁfﬁ%&Hﬁﬂﬁm%ekﬁ&fwﬁ%gind@%&ml of azp
nt.

1 (PDB accession code | aox et al.; 199/, J

272: 28512- 285hfeprin (itechVIBA-1). dtrei mwbemamphbméd m(déll&daenasmdm:gmttdneun 1 ck4:
Nol t e et aI , 1999, FEBS Lett 452: { t he al subum t of
human alp ? (®BeeadKeslyictal g8, '(MSCRﬂQ?\ 5@5- 597 a“d Qmwta 81986, J-Chem

1905, Cal| 249&’2%{'&5%99‘?“?459-%9@?‘“4 b0 Q5o s et

1995, Proc. Natkices’safticabebmpbifdt 8?w$@1217ﬂcaﬂlﬂ%mot»@b @tal. adupra; 198 Chid) 1 UCt ure
4:931- 942). The a201 structure. reveal ed a helix (i.e., the Chelix) that

created. a tr ek, eell 6GABL¥E0) and inreguladénathe expresniaesn ef gengt invlvedrit al - i on

Gomai ncom cRBRy e o remi g nieones s TP S 5FOICEHER, 2Tl "

reveal ed fbatLidsRoleet AI2ASY5 LA BI6P 13 T E903RE 1BPUTHuS, Pmploper fz8RGHn of Wher e
the a2-1 anino acids that made internolecular or nmetal contacts included 1 2

OCT 2005 WO oYLasB@smr@@tﬁmmnmmqlogncﬂsapnmmns m_@sﬁbras;s 157, Gln215,
Asp219, Leu220, Thr221, 254, 256, Hi r eu28 n289,
Leu291, .Asn295, and Lys Egl"ﬁba‘”&ég’é%"sﬁ &%ﬁ‘g““{’délz Fé’ @%ﬁs 2000,

Cel | 101: 47- 5RnonBnl ltived ikkased NRn@V 120 1 A6kBbAIE BIBEL @Q:en%%ﬂy)bﬁ&pve s

based on PDB accession code 1 dzi and herein referred to as "crystal
nunbering. " Tegpresips (Miyakerct ol L¥993, biExp.ded. 477 $63-468)ubxpressionieiihd is
reveal ed qSSI {Rclegsredtnrlggrglhstenﬂy actwated,2to4week old cultured T cells (Hemler et al.,

1985, Eur. J. Immunol. 15.502-508) VLA-1is also expressed on a high percentage of

T celis isolated from the synovium of patients with rheumatoid arthritis (Hemler et al,,
1986, J. Clin. Invest. 78:692-702).
_ Sevcrél crystal structures of integrin o subunits have been determined,

20 Umcludmg the structures of the a2-I domain of o2pl (PDB accession code laox;

o 7. Emsley et al 1997 J. Btol Chem 272 28512-?8517) the aI-I domam of rat ¢1pl
(PDB accession number 1ck4 Noltc et al., 1999, FEBS Letr 452:379-385; WO
00/20459); _the al subumt of human «1p1 (PDB accession code 1qc5; Rich et al,
1999, J. Bzol Chem 274: 24906-24913) the aL-I and aM-I domams, and vVWF-A3

.25. (Leeetal, 1995 CelI 80 631-635 Lee et al,, 1995 Structure 3 1333- 1340 Quetal,
1995, Proc. Natl. dcad. Sci. USA 92:10277- 10281 Quetal, 1996, Structure 4:931-
942) The aZBl structure revealed a hehx (ie., the C—hehx) that creatcd a trench or
| groove on one face of thc protein at the metal-lon bmdmg site- (Emsley et al., supra).
L The crystal structure of the a2-1 domain complcxed toa short collagen-based triple
30 helical peptide revealed that the collagen-based peptlde was bound to that trench,

wherc the aZ-I ammo acnds that made intermolecular or mctal contacts included



SUMVARY OF THE | NVENTI ON The present invention provides anti -VLA-%

anti bodi es and nethods of wusing these antibodies to treht ACV a0 ty of

i nfl ammat ory and i mrunol ogi cal disorders. 10 Specifically, the invention
enbr aceswayppisshody that specifically binds to VLA- | (ecgyysobumsman VLA-1).
This anti body contains [ight chain conplenentarity determning regions
{"CDR's) defined by amno acid residues 24 to 331,49 to 55, and 88 to 96 of
SEQ | D NOA, and/or heavy chain conplenentarity determ ning regions defined
by amino acid residues 31 to 35, 50 to 65, and 98 to 1 07 of SEQ ID NO2. 15
These CDRs may contain nutations (e.g., deletions, insertions and/or
substituti onsyep G@eNnsc t IS gl ned from
the crystal s%srpligt u}réeiﬁal ?ygﬂ;ﬁed he?e?ﬁﬁﬁ\% %%%&meze ﬁ%ﬁ’#ﬁ?%lfgq 1- bi ndi ng
activity of tHie2%hlyR8GyLeu286hsr28Y, Lav2f bt A;2985, add yS290N(PIIR aQeanaon BLRI1A i n

the anti body 1Pi BREK fFbrAI08 Celbh? i s SaNRb oM7) o TBE AmjaR IO PUhERE n
seduence of ShdRdiPupbyARthLl o 1N e.hal Bt A erlif e Rhaonce of

SEQ I D NO 2. ment e anti I'S I nvention

contai ns the "cpam nhevymgndht cghtal ghaﬂnnep@ﬂthemfandiﬁuﬁﬁﬂuenmamaa& an

anti body produced by hybridoma mAQC2, deposited on April 18, 2001 at the
Ameri can Typedewialed g ampigr @aichect i on( " ATCC'), 10801 University Boul evard,
Manassas, VA 20110-2209 and having ATCC accessi on nunber PTA3273. (Al ATCC
deposits recited herein were nmade -under the Budapest Treaty). This

anti body can be' produced by, fUMEKETPIGE THRINVENRIRONAQC2, or cells

cont ai ni ng nucl ei ¢ aci d sequences Tsolate rom that™ hybridoma that encode
the heavy and |i ght chaTh@rga‘entimcutmmﬁowdmmm%A-BentabudlmﬂmeWDd(SZJIO83854

4 2 OCT 2005 PCT/ 2/ th di t ti pody, i.
humani zed “ant VB es%#é?ngq ‘i‘i’&r‘%{ng %‘gél' gb a%fg‘eagory a5 %ﬁ%loggl‘%kég?fae‘?he
fol | owi ngypesi dues Ig K clﬂah} tﬁ@ﬁév@nhon%brh&s ab4fiibdMy/thd ﬂ?e&fﬁ&l

| east one (e.g., 2, he follow ng Tresidues I |ts heavy
chain: D1, V1® VEA8 (el@zmunmmaa Mzﬁnﬁb@iyadonnmﬂgm nhzibh complcnmtam)) For
st ance. -t e, g0t LOgY. SOMRFERRS: etk b5 Doiny ad kol b £, 930 3, e
88 to 96 of SEQ ID NO:1, and/or heavy chain complementarity determining regions
~ defined by amino acid residues 31 to 35, 50 to 65, and 98 to 107 of SEQ ID NO:2.

15 -These CDRs may contain mutations (e.g., deletions, insertions and/or substitutions) in

the non-antigen-contacting portioris, as determined from the crystal structure disclosed
herein, without affecting the VLA-1-binding activity of the antibody. Exemplary
mutations.are S24N, G928 and D101A in the light chain CDRs, and G558 in the
heavy chain CDR2. In one embodiment, the antibody of this invention contains a
20 light chain variable domain sequence of SEQ ID NO:1 and/or a heavy chain variable
domain sequence of SEQ ID NO:2.

In a related embodiment, the antibody of this invention contains the
same heavy and light chain polypeptide sequences as an antibody produééd by
hybridoma mAQC?2, deposited on April 18, 2001 at the American Type Culture

25 Collection (“ATCC"), 10801 University Boulevard, Manassas, VA 20110-2209 and
having ATCC accession number PTA3273. (All ATCC deposits recited herein were
made under the Budapest Treaty). This antibody can be produced by, for example,
‘hybridoma mAQC2, or cells containing nucleic acid sequences isolated from that

- hybridoma that encode the heavy and light chains of the mAQC2 monoclonal
30 antibody.



and/or (i) F29, A49, T93 and R94, or (ii) A49 and. T93, in the heavy chai n.
The humani zed anti body of this invention nay contain a | | H€ vari abl e
dormai n sequence defined by amno acid residues 1 to 101320 E@ D NO 3,

and/ or axl@ayssehai n vari abl e domai n sequence defi ned by pomwss2acizd resi dues
1 to 10 .118 of SEQ ID NO 4. The humani zed anti body may conprise the sane
heavy and/or |ight chain pol ypeptide sequences as an anti body produced by
cell line hAQC2 (ATCC accession nunber FTA3275; deposited on April 18,
2001). In anot her enbodi ment, the humani zed anti body of this invention may
contain.a nutation (e.g., deletion, substitution or addition) atone or nore
(ag., 2, 3,4, 15 5, M anbti@sr eBbolimenetheamibodyid 4 Riddanibed fRibbépavy chain
such that an effectoe function of the antibod (e.g., the ability of the
anti body to BoTAPrigies af lpest a@fe(@pgo?f 3pf-a 3 ofhecfotlpwing rgsidues)iniits light ehaig

5. 640, 260) . Plebd HBSYETL M550 Bleatole gt 4.5, 46D ohds ollowigd™ ™

i d 23 REOFRBa Ay Th
residues  234esPfiBs A6 1Ty An: 338, \312203@8@292&4@@9316 IR i nggA ®

humani zed 20 antibody can, for instance, contain th
repl aci ng 3 eagenvestier). Fposwtamgn thgantdodppomprisesiQl, et andtY Hoghedight chala,nu ne)

d L235A.. (EU I d
enbod: nont | ARUOLGL Eabdys. TR aRT Bok b ARE M REL%n e b B pen | de
sequence as an anti boc'ﬁh%ﬁﬂxﬁﬁﬁgdQﬁ(ntﬁﬁ%fhh@&v@ﬁtﬁ% y EontaT 23fghe PN - nunber

PTA3356; deposited on My 4, I n yet anot her enbodl ment, the
hunmani zed anwmﬂﬂqdmﬁamhe@mnwémﬁnedrby ansyo acdmesaduesd tol0aol SEQ(IB NO,3,

del etion or. s stjtution) namnpo acid residye that is a.,site for
gl ycosyl at 0ﬁn heawgf"nt%e FyeBen ssavepe defpsc Eyaremorﬁcmﬂwédeh an

ant i body y Y bﬁnﬁ f tions
or ot her \ma zgf’ ?ggqlﬁ)ﬁig?i%ns %ﬁ%egtagpgg%fn?‘?géﬁﬁﬁwg%l ng a?‘lyﬁllct y.
Mut at i ons of lizght dajromslypeptiie sequehes asamamilmalymommbycelhlmé haQfR2ocess

devel opment , protein expressi on and pur| fication For instance, the
heavy chain T%‘:ea%?ﬂs! ?’T 1 contain the

"onger e glycosyl at o I5EREH fié‘é"@@“ﬁh Jig e#{*?‘a@fﬁ%ﬂ%ﬁm‘ﬂ’
humani zed ardohiaiitymiEion ¢aR); deletidn)Substitaiion radditivhy aork@r iRee{d.gle2,3e4ence
g_sr Agg 72,nt I}jggg‘%’ b; grr g)f%uf%ggtmg%ogl%lolxs ll.lll tgg hga%%ﬁzam(sﬁ-lc-hccma?gg %&&nﬁ&wg‘eﬂr‘_ the
antibody (e.g., the ability of the antibody to bind to a Fc receptor or-a complement
factor) is altered without affecting the antibody’s ability to bind to VLA-1 (U.S.
" Patent 5,648,260). These heavy chain positions include, without limitation, residues
234,235,236, 237, 297, 318, 320 and 322 (EU numbering system). The humanized
20 | antibody can, for instance, contain the mutations L234A (i.e., replacing leucine at
- position 234 of an unmodified antibody with alanine) and L235A (EU numbering
system) in its heavy chain. In one related embodiment, the antibody comprises the
- . same heavy chain polypeptide sequence as an:antib‘ody produced by cell line hsAQC2
- (ATCC accession number PTA3356; deposited on May 4, 2001).
25 - In yet another embodiment, the humanized antibody of this invention
may. éontai.n a mutation (e.g., dclction.pr,substitq‘tion_) at an amino acid residue that is
a site for glycosylation, such that the glycosylation site :i_s_-l eliminated. Such an
anﬁbody may be clinically beneficial for having reduced effector functions or other
uxl_dgsirdd functions while retaining its VLA-1 binding afﬁmty Mutations of
30 glycosylation sites can also be beneficial for process development (e.g., protein

expression and purification). For instance, the heavy chain of the antibody may



5 April 18, 2001). In still other enbodinents, the heavy and/or |ight chains
of the antibody of this invention contain nmutations that increase affinity

for-binding to VLA- 1 and thereby increase potency for lr g&n 0

VLA- 1- magpabmghssli sorders. Enbraced in this invention ar 32@ oggmmosi tion
containing an 10 anti body of the invention and a pharmaceutically
acceptable carrier; an isolated nucleic acid containing a coding sequence
for SEQID NO 1; an isolated nucleic acir@- containing a codi ng sequence for
SEQ ID NO 2; an isolated nucleic acid containing a coding sequence for the
| i ght chain of an.antibody produced by. bybridoma mAQC2; an isol ated nucleic
aci d cont ai nicoegtain the dunaicely22T@ ET anmbhend®ateyn)cheti thavthedwavichamtdahady
produced by hybzi doma HQ%Z an. isolated nucleic acid containing a coding
sequence for 1ongsr be ghcophaledaldhisgifea it onagsiaied smhoguaentpihe bympnigedie hAQR2; an

I sol at ed nucl gi: . | Nk ' : f : in of an
anti body pr o"g‘:ﬂ‘g%‘gp‘l‘b’%’ g‘gﬂ# @ﬁ%ggﬂﬁ@%gﬁmlﬁ?gﬂgpégjensgé‘f\%agagc| 1c}:?gérig?}ai ning a
codi ng sequengieduckd by tle lihe BYAQENRTATCOiccadtichnivinited PTR3QacRgodMed orl | | i ne

haAQC2; an isol ated nucleic 20 acid containing a coding sequence for the
heavy chai f ofp@Ein8A00lody. produced by cell 1ine hsAQC2; an isol ated

nucl ei ¢ acid contai ni ng_a,.qodi n equence fqr residues.l 1qQ of SEQ ID
NO 3; an isolated nucl gllncsu coglaer%gﬂ)toal!%? g“’a" g%@fﬁﬁg%rg’bﬁ%ﬁ%aénsf%f&ﬁe residues 1
to 118 of SEQuhbod¥bAhisGRVdrSioalcohitahl hmdQHBnMEGRcresR difnity REbEGIHg tb MIA-

hAQC2; cells, fromcell line haAQC2; and cells fromcell |ine hsAQC2. 25 The
present i.nvent awshthateby insrense geteney toetrhdthgoV LA rlemediatpdalisonddract with an

T 8 A ke I, 51
this metheg i smtie8flof the idveRfibn and'¥ PRAnaEQIRELy dRcabik cairfer; ATRIAtEd at €,

stabilize,. reverse, prevent, slow or delay progression of the disorder.
Al t er nat.i vel ypucldié¢ acidreoiitaiokingsa cabug sqogive facEQ ADINO30as Golataatuckidagidhn

SUDLoEE 5 oSt b3 SRS, $3h08TB0E 28 Ghbeds” 7
one.or ror e dSmgEaiRifes TEME Keht bal 1 R s B) BB BTt
are not | i mi t awhsolated nucleic acid containing a coding sequence for the heavy chain of an
15 antibody produced by hybridoma mAQC2; an isolated nucleic acid containing a
coding sequence for the light chain of an antibody produced by cell Jine BAQC2; an
- isolated nucleic acid containing a coding sequence for the heavy chain of an antibody
produced by cell line hAQC?2; an isolated nucleic acid containing a codiﬁg sequence
for the heavy chain of an antibody produced by cell line haAQC2; an isolated nucleic
20  acid containing a coding sequence for the heavy chain 6f an antibody produced by cell
- line hsAQC2; an isolated nucleic acid containing a coding sequence for residues 1 to
106 of SEQ ID NO:3; an isolated nucléic acid containing a coding sequence for
residues 1 to 118 of SEQ ID NO:4; cells of hybridoma mAQC2; celis from cell line
‘.hAQCZ; cells from cell line haAQC2; and cells from cell line hsAQC2. |
- 25 . The present invention also provides 2 method of treating a subject with
an immunological disorder mediated by VLA-1, including admirﬁétcring to the subject
an effective-amount of an antibody ef this invention. For instance, this method is used
- to treat a human subject to palliate, .am-eﬁofate, stabilize, reverse, prevent, slow or
delay progression of the disorder. Altematively, this method is used prophylactically

30 to treat a human subject at risk for developing this immunological disorder so as to



to, disorders in which the VLA-1 activity level is elevated in one or nore

tissues as 5 conpared to a normal subject. Exanples of swgﬂﬁﬁg ﬂﬁﬁers are
skin related conditions (e.g., psoriasis, eczenm; buns t and

abnor mal v 0tredsggqat i on of hair follicle cells), fibrosispéeuge1ikedney or
| ung; fibrosis), allergic rhinitis, respiratory distress syndrone, asthng,
bronchitis, tendinitis, bursitis, fever, mgrai ne headaches,
gastrointestinal conditions (e.g., inflaméatory bowel disease, Crolur's

di sease, 10 gastritis, irritable bowel syndrone, colitis and col orectal
cancer), vascul ar diseases (e.g., atherosclerosis), periarteritis nodosa,

thyroiditis, mRldiibraelaPRidichset 0P tipkdisbraer. AnSREStive IHRMUMRL bFthE @Mﬁbosmon
osteoarthrltls aut oi mune di seases (e.g., type | diabetes, nyasdwnia

gravis, r heun@ﬂmchedadannistemdnaonsysmemd;osagqgus ci yt herrat o, and multi ple
scl erosi s), sarcoidosis eg II c S nd ren f.ai Bcch

| yre, B ) ‘
Syndrone, 15 pol ynyositi %Qﬁgﬁ fs\H’?l?H? gubare D&Ehgy,tgﬂ type
hypersenti vity, fsordefg‘iﬁ lﬁ%st 9&[ §%@§h§)} 1\%&15@ ele®hé ih ﬁﬁ%rtnﬁcﬁ‘@ﬁ@i@f' :

rejections, gra t vVer sus | Sease HD), conjunctivitis
occurring &f t esmparpditoys norymtsubiical Exanplenofsnchddordersdot slmnmelaﬁedccbndmnnk one.
The present invention also provides a mtgﬂfg of determninpg the Iegwl 20 of

VLA-1 in a tu&&epﬁoeags €CEGIA; hRmg anogmakprohiieratiag,ff bairifp

contacting th ‘E'I\%Of idRedy of the
i nvention, ang %%t @{—‘% 1 ng elyrz)h\{ 18'5513 al}/ér%ﬁgmglrﬁ% {)é}%ﬁﬁ}&aﬁql%eé}t i ssue,

t her eby det er nyrmlmge tagthrdagb@hcliifis, Vemtiditis, ibursitie féueﬁmgrmmhdﬁmma,er ein, the
anti body of this inventjon can be, for instance, a 25 nurine, anti body, a

humani zed ant Bi@jtestinakeonditions (ec2-ainflamamory £ 9W§16Fh5€’é’éﬁ &rolvos disgase body

I.e., Wth t l. t ai ns
(()f any |sllgt ype t{iﬁéd ‘m"g"?%%"%é‘ (s g&&(’&lgaé%%s ?H‘g"‘h&&w E‘jwﬂ E\&Eﬁﬁﬁa&ﬁs{] Igl?

| gAl and- | gA2{e.g Wathbrogditiosis), kamateritis nbassaddmyloidig, asiaam@aﬂmﬁh,tl%dmwel Y,

t he-antibody of this invention refers to an antigen-binding fragment (e.g.,

Fab, F(ab')2, Damsesmg#@heﬁwnostp}mhn%womu@ ase., typ® 10di 54 7 2

OCT 2005 PCT/ USO 1 521 Th re v on urt her, prqvi.des .
crystallizabl & @m?n‘é i i Mﬁ?@?%ﬁﬂl"&"‘?& - human

chimeric al -1 seleibBisy séﬁbid%ﬁ&-, 1i8ptibotie Rfndrome; renal failure, Bechet’s Syndrome,
15 polymyosttis, gingivitis, hypersensitivity (e.g:, delayed type hypersentivity or
immediate hypersensitivity), graft apd transplant rejections, graft versus host disease
-(GVHD), conjunctivitis, swelling occurring after injury, myocardial ischemia, and
endotoxin shock syndrome.
_ The present invention also provides a method of determining the level
20 of VLA-1 in a tissue (e.g., tissue specimen and body fluid) comprising contattiﬁg the
- tissue (e.g., in vivo or in vitro) with the antibody of the invention, and then detecting
the binding of the antibody to the tissue, thereby determining the level of VLA-1 in
the tissue. ' ' .
Asused herein, the antibody of this invention can be, for instance, a -
-25  murine antibody, a humanized antibody, or a chimeric antibody. It can be a whole
antibody (i.e., with two full length light chains and two full length heavy chains) of
any isotype and subtypes (e.g., IgM, IgD, IgG,, IgG,, IgG;,. IgG,, IgE, IgA, and IgA,;
- with cither kappa or lambda light chain). Ahématively, the antibody of this invention
" refers to an antigen-binding fragment (e.g., Fab, F(ab"),, and single chain Fv) of a
30 whole antibody.



a hAQC2 Fab fragnment, and nethods for using such conmpositions and crystals.
This invention also provides the structure coordi nates and bindi ng sites of
the chimeric 5 domain and the hAQC2 Fab fragment. The} @t 861 c208Bor di nat es

derived M@ﬁb«g“ crystal structure described herein prowqa;sg.pishpict ural
basis for the biological activities of hAQC2 as well as a basis for

rational design of VLA-1 agonists or antagonists with predicted biol ogical
activities (e.g., small nol ecul e conpound®-or antibodi es such as hAQC2
variants). 10 The crystal structure disclosed herein is the first crystal
structure of an a 1-1 domain of ana 1l ail integrin/ Fab conplex. This

structure shows the restigysesenfinvention! furktitr pFiiddai cightdiiz4be cohthoditiBhs fhd | N

addition, the Fab binds in the putative col | agen-bi nding site and inhibits
col | agen bi ndirysfals aficomoplaxésdformed puemt-honamichimetih el -Igiomgamnuant RAFH ande al - |

domai n includ 4, Serl 56, Aspnlq7, Ser15S, Tyr] 60, 15 G ul92, Glu21l8,
A G219, Cly 2 2pARE7H3b fragiad 1d il dator Fans s cRsSons AU ALEG S
Arg291, and Liﬁ%%ﬁi%n(a%ﬁ_&ﬁh_es”ﬂi{?@ﬂdnlﬁﬁ cﬁcﬁﬁﬁx‘a%%ﬁd Bihdi¥sitabr tné Eﬁﬂ{éﬁgg found

to bind to the al-1 domain include |'ight chain residdes Asn30, Tyr48,
Trp90, Ser91,dohsaid andithd HAQOS Falafrdgrheny Yhe biamic cesdidates dSéved Gomihg3 1,

Trp47, Serb52, 53, His56,. Tyr58, Phe99, dyl d [0] tal
URber i ngy - YSFR PSRRI oSt B e e DatiE S R plofoesL AT g e

t hr ee- di nen '@q@! ' f I G - ecul ar
conpl exI I's 313 ine%égglg ﬁg%g%hggfogﬁtg%l?@reg&ggg%%g% gfﬁgﬁswg%gggfrpex%g au

chimeric | dasdicred®iolagicsll detivities Q.| smalAhblatude boripaminde dr artiboties yudhAsQC2,
according to Fig. .19; or a honol ogue of the nolecul ar conmpl ex, the.
horol ogue haigCZd viagaatshean 25 square deviation from the backbone atoms of

the am no,gci ds of not . ofo) r,Lnel

machi ne-r égdabl e data. -s?gér gggaﬂ%ﬂ%éﬁlﬁ@?sﬁg!hﬁﬁ&é%% gm glfyglragg%.%n%%?%% al
encoded wi t h @BLBomeam’Fadape istadra/ FﬂU@tﬁxﬁﬂI&i&eTﬂﬁtsﬁ-uaﬁf&shbﬂ{é titfredid@st a
portion of the structure coordinates of the conplex according to Fig. 19; a

wor ki ng  nenperjticabfor Fiab binding by el-lidemains I addition ghesiabriyndshie thecuiative. r eadabl e
mach] no-  ead- BT EERR B SHe o b P ibdnio St S rlbr I D) o
data into thebhiingait oHRRSs PP abmii il bdi5R144 ek 156, Ashi 20 Gor1BETTHH6E/ 11521
15 Glul92, Glu218, Arg219, Gly220, Gly221, Arg222, Gin223, Thr224, Asp257,
His261, Asn263, Arg291, and Leu294 (crystal numbering). Residues on the Fab
fragment found to bind to the ¢1-1 domain include ligh! chain residues Asn30, Tyr48,
- Trp90, Ser91, Asn93 and Trp95, and heavy chain residues Ser30, Arg31, Trp47,
Ser52, Gly53, His56, Tyr58, Phe99, Gly100 and Asp101 (crystal numbering).
.20 : _ This invention also provides a computer for producing a
_ _,ﬂ\ir_c_c_—,dimensional repfesentation of a molc;ular complex, where the molecular
compléx is defined by the set of structure coordinates of a complex of a chimeric I
domain of an «¢1p1 integrin RAH and humanized antibody hAQC2, according to Fig.
19; or a homologue of the molecular complex, the homologue having a root méan
25 ' square deviation from the backbone atoms of the amino acids of not more than 0.65
A The computer includes a2 machine-readable data storage medium including a data
storage material encoded with machine-readable data, where the data contains at least
. aportion of the structure coordinates of the complex according to Fig. 19; a working
- memory for stering instructions for processing the machine-readable data; a central-
30 :proc.:e'ssin_g unit coupled to the .working' memory and to the machine-readable data

~ storage medium for processing the machine readable data into the three-dimensional



representations; and a display coupled to the central-processing unit for

di splaying the three-dimensional representation. This invention further
provides a conputer for producing a three-dinmensional Tepﬂ@'fseﬂﬂﬂ&tlon of a
mol ecul eypay odig3h@GUl ar conpl ex including a 5 binding site gefisadkio
structure coordi nates of hAQC2 ami no acids including at | east seven (e.g.,
7, 8, 9, 10, 11, 12, 13, 14, 15, or 16) of light chain residues Asn30,
Tyr48, Trp90, Ser9l, Asn93 and Ti p95, andg-heavy chain residues Ser 30,
Arg3l, Trp47, Ser52, Gly53, Hi s56, Tyr58, Phe99, dyl OO and Asp 101
(crystal nunbering), according to Fig. 19; or a honol ogue of the nolecule
or nol ecul ar wher S &Hhat
has a root ﬁﬁfgggﬁaahrog de\?lea a%&gély%l}g%aﬁﬁe bgmﬂﬁg&gltn \.Bitgffg t ?gpe] FA?;%:{ZC am no
aci ds of not thgeaditeasiodal t€présenfBlioss i nvention al so provides a conputer for
produci ng a three-di nensj onal representatlon of a binding site defined by
Structure coordinates offARYeatigh{ushenproyuies ﬁ&?‘i}ﬁ‘i‘tﬁbf(’éﬂ)rch'&rt” seven (e_g.,

7, S, 9, 10, 30,
Tyr48, 15 Tr pé%)eeé B%gn%;réfg%sjeﬁmgi}ﬁ'? }gkm?gcuic? cﬁre;%f{/ly chai ’l r eS| 513‘8@% er 30,
Arg3l, Trp47, bindiig3de délindddy stustads coBydxﬁﬁes e0QC2 Ghitho &Qd@ﬁﬁlu&ﬁ@]at Qhst

(crystal nunmbering), according to Fig. a binding site of honol ogue
that has a ro@ﬁvewzm Efudr 0, 1deld.dBi 1ﬁr@‘rﬂ&)ﬁéllgh¥@hbt§lrr981dt1@ﬁmkﬁﬁf) Tréd8.hAQC2

i no acid 0T | d
method Tor i QAR STAl AROR AR BFES: aus R T o FoRA AR IIR) nol udi ng
the steps of 8gisngG r;vsz Ugs 96 erﬁsmmbm@gmﬂand 1@@&3 rﬂﬁh&ﬁnbﬁd udi ng at
| east seven (e.g., 7, 11, 1 .16) of I|ight

chai n resi duesccéshﬂgj;o Fﬁgrk&Bothp@O]ogSepélhe Imcsiﬁgthc mmcrﬁmpi@ﬁs:orapidx hﬂmey chain
resi dues r3 4 erh2, Gl H s56, Tyr58, PheQ9 00 and
25 Asp 101%(CB§F§1°&% ‘ﬁ‘r"IFd)a% %fgﬂ%flfﬁ %Qﬁlaﬁ arff"btmiaé‘ys&‘are‘g g ®square
devi ati on fr%H&k‘oQﬁeQ@&xE ﬁg@ﬁamnotms%%ape Qn@qbqﬁ 'Tﬁfsxﬁ%ﬁﬁoﬁ han

a three- ns n

1.101, to generate I onal structure a binding sit

enpl oyi ng thedsbbmﬁadmrmnq:m&;abdwﬁgﬂ&réeedidmamgmlaepmﬁimnbn@fpmt ent I al
ant agoni st ; § nt.hesi zi ngﬂt he potenti aI ant a?onl st; .and con'&lﬁm‘l
potential ant e by gochpe gog hAyQUGIamipe pr: nti al

antagoni st to r ?)aotp Fwﬁ Pgﬂﬁp
ant agoni st to%%lg&gé? gvﬁmét’ﬁom% j,\'Slscta%t’;e}sj? ha i@he potenti a anfag‘?nf st is
WO 02/ 083884 T1p90, Ser91, Asn93 and Trp95, and heavy chain residues Ser30, Arg3l, Tip47,

SerS2, Gly53, His56, Tyr58, Phe99, Glyl 00 and Asp101 (crystal numbering),

according to Fig. 19; a binding site of a homologue that has a root mean square

deviation from the backbone atoms of the hAQC?2 amino acids of not more than 1.10
A |
20 ' This invention also provides a method for identifying an inhibitor of
- an T domain of an integrin including the steps of using stmc.t‘ﬁ'rc- coordinates of
- hAQC2 amino acids including at least scv.en (e.g.,7,8,9,10, 11, 12, 13, 14, 15, 0or
-16) of light chain residues Asn30, Tyr48, Trp90, Ser91, Asn93 and Trp95, and heavy -
chain residues Ser30, Arg31, Trp47, Ser52, Glys3, His56, Tyr58; Phe99, Gly100 and
.25 Asp101 (crystal numbeting), according to Fig. 19 or + a root mean square deviation -
-from the backbone atoms of the hAQC2 amino acids not moré than 1.10 Ato
 generate a three-dimensional structure of a binding site; employing the
. three-dimensional structure to design or select a potential antagonist; synthesizing the
pot'entié‘l antagonist; and contacting the potential antagonist with hAQC2 to determine
30 the ability of the potential antagonist to interact with hAQC2, where the ability of the
- potential ﬁntagonist to interact with hAQC2 indicates that the potential antagonist is



1 2 OCT 2005 PCT/ US02/ 11521 an inhibitor of the |I domain. This invention
further provides an inhibitor of | domain of integrin identified by this
met hod. This invention.al so provides a conmputer for prb(ﬂlﬁﬂi a

t hr ee- di Wy Rio@ss3k representati on of a nol ecul e or nol eculparRenPisex
including: a 5 binding site defined by structure coordinates of | donmain
am no acid residues Aspl 54, Seri 56, Asnl57, Ser158, Tyr160, Glul92,
Gln218, Arg219, Gly220, Gly221, Arg222, -9Gln223, Thr224, Asp257, Hi s261,
Asn263, Arg291, and Leu294 (crystal numbering), according to Fig. 19; or a
honol ogue of the nol ecul e or nol ecul ar conpl ex, where the honol ogue.

i ncl udes. a geGitsitd?ion iecT@oflal® TH@invBRfonduftReipriEass ainBibetoteM Rimam .- 10
fromthe backbone atons of the | domain ami no acids not nore than 0.65 A
This i nvent pbmtegrinddentified by shismethedut er f or prodUC|ng a t hree-di nensi ona

representation of a first. bindi site, def str cture coordi nates of
| domai n anino acids trébqll YRONonalse BV c@étalcog;@ut Ai%@? ueygd 58, Tyrl 60,
Glul92, Ghi 2hiBee- @frﬂ&%ﬁmal%%?eﬂtatm@&g?r;avlecﬁlfgt?r?rgolec lex REIAdihg: ASP257,

H s261, Asn263, Arg291, and Leu294 15 (crystal nunbering), according to Fig.
19; or a Isi n&imdg@mtceleﬁhechbmhmgmrdmatm bfkdanain annumBMmhiuaef Asmllé\sli ation

Thi's. | nvent | SFIaPs BT Ls, DYHShaUS2 s Qb G w22 2 dRREH2: onl
repr esent at | ilnfy aneRYIAR 0L CKULRS, AOHDN S (1hYA ki BumivRlind), Ndi N9

site defined by structu?e coordinates o omal n am no |nclu nhg at

| east three atcordingdaBig. (ﬂ,wt%&onﬂdgaéﬁf thegadlBoul &by 28 Rculan dorfiglly? 2dHeee y St al
nunbering), accordi ng to Fig. or. a honmol ogue of the nolecul e br
nol ecul ar ¢ dgphaanol ome%luflw a%crﬁs!i Yindias site thatkas ayosbmsrusPAIsdeHglion t e t hat

has a1 00y MR, uABE.ISKAL fg&&fdo%gmﬁ DRI O AfsslteThisdomai n

am no ‘aci'ds not nore e |nve I on provi des a

conput er for ipreadus R picvided h@BmPURE R ipeithicing! SRFRSE A bE) ;?iesanﬁanadl ng
site defined by structure coordinates of I domain am no_ acids including at

| east three &f alest bmémg@meﬂ@ed@ymgmmmmtemgmmmamm@wbzl (crystal
oot moan SEIIE ARV SeRS A radil ke, R o RRRE R R8T 0™
30 acids not Glsma,mgmzl,_(ﬁn:&a, Yhe202) DPISPAHIs261, Asn263, Arg291, and Len294
15 {crystal numbering), according to Fig. 19; or a binding site of a hoinologue that has a
root mean square deviation from the backbone atoms of the 1 domain amino acids not
more than 0.65 A.
This invention also provides a computer for producing a
three-dimensional representation of a molecule or molecular complex including: a
.20 binding site defined by structure coordinates of 1 domain amino acids includiné at
least three-of residues Glu192, GIn218; Arg219, Gy220, and Gly221 (crystal
numbering), according to Fig. 19; or a hemologue of the molegule or molecular
compl;x,-wher@ the homologue includes a second binding site that has a root mean
square deviation from the backbone atoms of the I domain amino acids not ,mo‘rc_than
25 1.0 A. The invention further provides a computerr for producing.a threc.=dime1_isional
representation of a binding site defined by structure coordinates:of I domain amino
acids including at least three of residues Glu192, GIn218, Arg219, Gly220, and
Gly221 (crystal numbering), according to Fig. 19; or a binding site of 2 homologue
that has a root mean square deviation from the backbone atoms of the I domain amino
30 acids not more than 1.0 A.



-10 2 OCT 2005 PCT/US02/11521 This invention further provi des nethods for
using these three- dinensional representations to design chemcal entities
that associate with the chineric domain or the hAQC2 Faly (CRoR8bt, or
port|02x§§ N5 and act as potential inhibitors of the;&ﬂhﬂﬁﬁ{ omai n or
t he hA ragnent or portions thereof 5 This invention also relates
to conp03|t|ons I ncl udi ng chemcal entities, such as inhibitors and
variants of the chimeric domain or varianps of the hAQC2 Fab fragnent,
where such chemical entities and variants are rationally designed by neans
of the structure coordinates of the chineric donmain or the hAQC2 Fab

fragment, or binding te The venti @ rel.at use of the
above-identified chem ?3'!‘5 Ty et ff“ﬁléeg f%"?efs tﬂ%‘f fBF&%)&% eé%ﬁ&?et i ons
associ at ed Wd‘irﬂeﬂsﬁlﬁﬁpfdﬁ?ésbﬁ’ttaﬁoﬂto%@ﬂgd éfﬁhu@al lengitdds thaCdsbocidty withl tige Subj ect.

This invention further provides a ne for identifying an inhibitor of an
| domain of ahimériwt daguaimor ﬁmlhﬁ@@’gFam&agmmr@bmmgemﬁéam aaies potential

coordi nates q in,am no,aci.ds re 154, Serl 56, nil57;
Ser158, Tyrl 6@‘“L’é§1 g?x W@%%ﬂam%@?%@(&gﬁ% agreirg}z%flpomw% n223,
Tor224, Asp 25@ Hlvé.gﬁih also ARIGRS cm%ﬁ&%ﬁ Hﬁ@fﬂmﬁp&b{ﬁk@'su&%‘ﬂe“ ng),
accordlng to Fig. 1 to generate a ree S|ona structure of a

bi ndi ng si t e;inkibjtbsnhd gatides bf&eehﬂemeﬂemmmdrva&hnﬁsmﬁ‘thedﬂ@%é‘sb gn or sel ect
a potential antagonist; synthesizj n? the potential ant ?gomst and

contacting t HERgBObAY hegg suchchefirabentifies and vagigrisiare rasionaledssigned by meses
ability of ”'bgt}?eoénﬁﬁﬁ%r ?c?rﬁﬁxtﬁgzg Rk chﬁ‘nérﬁt il Wh%?ﬁ\(%ﬁ?ﬁ?ﬁ gaan%}ﬁ & the

ability of th agoni st 0|n eract omal n’ 1 ndi cat es

that the pot Qﬁﬁdlﬁg sitddl Jhehedntioh Surtier rdfdlésllbtu@é oPihetabbvd-idéatiRéd chelidad
i nvention al so provides a nethod for identifying an inhibitor of an |

domai n of 1@n -4nfitiegto treat mPerMgon@EO@taéwl ‘ﬂtﬂil inpppreprigterarebnarmat sl i nat es
of at |east g}“ﬂ'@ 3’8’ ed dormai n am no acids including residues Gu 192,
dn2l 8, Ar gzaf } énd dy22l .(crystal nunbering), according to Fig.

19, or a root- nmean squmwﬁawmemﬁwﬁﬂ%@mﬂﬁgmnmﬁw dormai n

am no acids not nore than 0.65 A, to generate a three-dinensional structure

of a binding dmddosmmwmmmwngfmagﬂmtmmmmew@n or

Contacti ng 1 FPHOR SRVTOHOGR R AP i 10t 3 S o8, Tten BAPET <1+ and

15 GIn218, Arg219, Gly220, Giy221, Arg222, GIn223, Thr224, Asp257, His261,
Asn263, Arg291, and Leu294 (crystal numbering), according to Fig. 19, to generate a
three-dimensional structure of a binding site; employing the three-dimensional

structure to design or select a potential antagonist; synthesizing the potential
antagonist; and contacting the potential antagonist with I domain to determine the
20 ability of the potential antagonist to interact with I domain, where the ability of the
~ potential antagonist to interact with the I domain indicates that the potential antagonist
. is an inhibitor of the I domain.
“This invention also prbvides a method for identifying an inhibitor of an -
I domain of an integrin including the steps of using the structure coordinates of at least
© 25 - three of I domain amino acids including residues Glu192, GIn218, Arg219, Gly220,
and Gly221 (crystal numbering), according to Fig. 19, or + a root mean square
deviation from the backbone atoms of the I domain amino acids not more than 0.65 A,
10 generate a three-dimensional structure of a binding site; employing the
~three-dimensional structure to design or select 2 potential antagonist; synthesizing the
30 potential antagonist; and contacting the potcntiéi antagonist with I domain to
determine the ability of the potential antagonist to interact with I domain of integrin,



determne the ability of the potential antagonist to interact with | domain
of integrin, 12 OCT 2005 WD 02/ 083854 PCT/ US02/ 11521 -11 where the ability
of the potential antagonist to interact with the | do |£|q£mj;ﬁﬁi}es t hat
the potential antagonist is an inhibitor of the |I donai I'nvention

al so prowdaglessssn i nhibitor of | domain of integrin identiching@is2i his

nmet hod. Ot her features and advantages of the invention will be apparent from
the follow ng' detailed description, and fromthe clains. BRI EF DESCRI PTI ON
OF THE DRAWNGS Figure 1. Coll agen-bindi-nd 4 ntegrins al,81 and a2f | on
activated |eukocytes. (A). Flow cytonetric analysis of al and oc201
integrin expression on 1L- 10_ 2-activated splenocytes (d 11). Cells were

| abel ed wi t-h veliekdik ability oftthe F¥entidlnintagddisnedlintertt WHol Hel INidnRgh Ddithted thaAb
(grey lines), and followed by FITC anti-hanster inununogl obulin. &B) Ef f ect
of anti-al arite mi@mtwézntﬁmst@ﬁan mhibitey obthgd dempion This inventioagdse pragdes, 2
activated sple tes re tr tedvm s for 15 mn before

pl ating ontoagl %f\s@"‘i“e‘“o? PVEEHFJCEBhF‘gB%ﬁUSJB‘é wells for I h at 37C.
15 Adhesion was cal cul abget @Me%'aﬂ&faﬂ%@ﬁeéﬂf t@ﬁ%ﬁ&ﬁwllﬂwaﬁ%ﬁhﬁﬁﬁd as %
adhesion relative to control mAb-treated cells. Adhesion assays were done
in triplicat ghe folldvang ddtatedtdesdription] andiefpen derdaimeper i ments were per f-or med.
One representative experinent is shown. Figure 2. Effect of anti-integrin
mMAbs. on: the effector phase of 20 del ayed-type hypersen3| tivity.

SRBC-sensi tized mce were EgckﬁpFIOW@)fa gd mAbs | h prior to
SRBC chal | enge. Foot pad. t was asul er antigen

chal | enge, and resul ts Eifew. atSo%geﬂCUzﬂﬂﬁgnitégrn‘n@@ﬂjﬁaduﬂ wﬁim&atzwﬁ&f\/l as
illustrated in Exanpl e 2. These. data represent a sumuary of eight :
experiments fakkorytes.<(A)o FiampeytomeBiq mehsisof aﬁand;aaﬁl llé?grlrls@cp(r@mpnoalm 29

(ant 1 - 26 10 ekl pebocatost 1 Chies Saes Bt e 5 0 b soh R o

(Bt a5y ) ooty henhding bonirqlgiat (o AR) %@?‘*““@ﬁ’% ﬁ?%ﬁf Ao

anti -i nregHn imiiogiobilie. @)Y EealofRhflw i ME2BAbs on leukocyte adhesion to
hyper sensi ti vi t% FI TC-sensitized mce were injected i.p. with the indicated

mAbs 4 h 30 mm%wmmmmmwwm‘mmwoaﬁmm i ne
and 24 h l at Peford p?atmg onto either type IV or type 1 co!lagc:n-coated wells for 1 hat 37°C.

15 Adhesion was calculated as illustrated in Example 1, and expressed as % adhesion
relative to control mAb-treated cells. Adhesion assays were done in triplicate, and at

~ least three independent experiments were performed. One representative experiment
isrs‘no;wn. _
A - Figure 2. Effect of anti-integrin mdbs on the effector phase of
| 20 delayed-type hypersensitivity. SRBC-sensitized mice were injected i.p. with the
- indiégtqgl mAbs 1 b prior to SRBC challenge. Footpad,_tlﬁckqegs was measured 20 h
.. after aﬁtigen challenge, and results shown as % increase in footpad thickness + SEM'
as ‘irllustra.tc(_l in Examp'le 2. These. data represent a summary of eight experiments
~ withn =79 (PBS}, 68 (control hamster Ig), 68 (anti-1), 29 (anti-oc2), 18 (anti-oct +
25 .anti-a2), 45 (anti-a4), 18 (anti-5), 20 (anti-06), and 10 (anti-B1). The mAbs used
- were: Ha4/8 (control hamster Ig group 2), Ha31/8 (anti-a1), Hal/29.(anti-02), PS/2
- (anti-aid), 5H10-27 (anti-a5), GoH3 (anti-a6), and HMP1-1 (anti-B1).
Figure 3.. Effect of anti-integrin mAbs on the effector phase of contact
- hypersensitivity. FITC-sensitized mice were injected i.p. with the indicated mAbs 4 h
30 prior to FITC challenge. Ear thickness was measured at baseline and 24 h later, and

results shown as % increase in ear thickness + SEM as illustrated in Example 3.



results shown as % increase in ear thickness SEMas illustrated in Exanple
3. WD 02/083854 -12 12 OCT 2005 PCT/ US02/ 11521 These data r?pzqegsent a |
sumary: of nine experinments with n = 74 (PBS), 60 (con {o0C ter 1g), 26

(anti- | Ghpdyhdnsisdd (anti-al), 44 (anti=a2),3 8 (anti-al +pafiykerds21 36
(anti-a4), 16 (anti-(6), 26 (anti-ci..4 + anti-a5), 24 (anti-a6), and 22
(anti-P 1). The hanster mAbs used were: Ha4/8 (control hanster Ig group 2),
Ha31/8 (anti-al), 5 Hal/29 (anti-a2), H¥ROI- 1 (anti-P 1), 3E2
(anti-1CAM1); the rat mAbs used were: R35-95 and R35-38 (control rat Ig&a
and rat |gQ&b, respectively), PS/2 (anti-a4), 5H10-27 (anti-a5), GoH3

(anti =ab) . -Firaeseiath reﬁﬁb@élﬁ@kuﬁﬁﬁg@ﬁﬁﬁé Sipeihéntsesgonsea (PBSploqeditalent ni ce
conpared to wild-type inice. FITGsensitized mce were injected i.p. with

i ndi cat-ed 1bam¥tbslgz), 235 (enii-dCAMb | A Gardhhal ); A ganti-&2); 38 entikooles entive) ras ur ed
at baseline and 24 | ater, and results

thi ckness SEnlzE) Ilﬁt(%"ttlr%@e%ﬁ (aﬁ“%‘hﬂ‘%‘azy zé{élﬂfb@'ﬁ):‘aggég?asfﬁdiﬁr 3{5‘ i ce per

imes.  one.r BPHEERIRSe s AR (Rb ke Bty he Ho Tl ot S50
and antl-%Zrmegqan@fa%qmﬁuh (uRepTpES (L MOABREE bid GGl asEmRiben. M ce

were injected i.p. with'indicated rior t0 ear painting wth
croton oil. R35-%Shircl REH38 (/@ﬁtrdsﬂ&a!sllgﬁedaﬁdrdmgélb nespectiveRd, FE/2 Gintirqd), and
results shown as %increase in car thickness SEMas illustrated in Exanpl e

5. Goups oPH18H7 (taatlﬂﬂ,&tvﬁ%@ﬂp&ﬁ)condltlon were used, and all experinents
were perforned a mn| e times. - One.representatjve, e riment is
shown. 20 Figure 6. Effé% ret# é?ﬁ'fqagw%fﬁﬂmém S 8’0‘]’4 Q@f@l’?’&/ﬂﬁcq nduced
arthritis. j b & b irsi6 Switth ifdidtedf Ol | oved
by LPS on dacsgpwﬁg%ﬁﬁfﬂjcec?gd@% rﬂ?t% l%déqg%[gaépm@ levclarye 3'd day
starting Hn diAbs 4 Blpriok maFITﬁrdhhnmtgesEaaﬂmﬂqnpsrmtm&s&ed af bdskitwe axgl 24A5
injection and continued for several . weeks. Each |linb was eval uated on a 0
to 4 scale evaesand gesuliyshesm;as Y Ecrasen 9an tidoesshSEM & ilusraiekinl t s are

N e e Rt e e
5 ot s i et 1
' Figare 5. Effect of anti-al and anti-a2 mAbs on croton oil-induced
15 non-specific inflammation. Mice were injected i.p. with indicated mAbs 4 h prior to
- ear painting with croton oil. Ear thickness was measured at baseline and 24 h later,
and results shown as % increase in ear thickness + SEM as illustrated in Example 5.
Groups of four to five mice per condition were used, and all experiments were
performed a minimum of three times. One representative experiment is shown.
20 Figure 6. Effect of anti-al and a2 mAbs in collagen mAb-induced
Y arthridis, Mice were injected i.p. with anti-collagen mAbs at d 0, followed by LPS on
day 3. Mice were injected i.,p. with indicated mAbs every 3™ day starting on d 0.
~ * Clinical arthritis was apparent 2-3 d following LPS injection and continued for several "
" weeks. Each limb was evaluated on a 0'to 4 scale every 3* day as illustrated in
125  Example 6 and resilts are expressed as the mean drthritic score between d 9 and d 15
(' SEM) of all four limbs. These data represent a summary of four experiments with
each experiment consisting of groups of three to four mice per condition. |
Figure 7. Effect of anti-al and a2 mAbs in collagen mAb-induced
- arthritis. A. Preventative treatment of mice with either anti-«1 or anti-a2 mAb
30 decreases arthritic score. Mice were treated with anti-collagen mAbs at d 0, followed
by LPS on d 3. Arthritis was apparent by d 6 and continued for several weeks. Mice



arthritis. A Preventative treatnent of mce with either anti-al or anti-a2
mAb . 30 decreases arthritic score. Mce were treated wth anti-coll agen mAbs
at d 0, followed by LPS on d 3. Arthritis was apparent by d 6 and conti nued
for several weeks. Mce WO 02/083854 -13 12 OCT 2005 PCTZUIOR/208%21 were
treat ed wigdiokdzes i ndi cated mAbs every 3°' day starting opcandoeviseh |inmb was
eval uated and scored on a 0 to 4 scale every 3'd day. Results are expressed
as the nean arthritic score between d 9 and d 15 ( SEM of all four |inbs
(mexinum score of 16). Goups of 4 mcelper condition were used; the
average of 12 experinents is 5 shown. B. al-deficient mce have .a reduced.
arthritic score conparable to anti-al mAb-treated wil d-type nice.

Experi ment al- W&t gehtsd @8 (RERGIcRRA } Loseve ddd}%@hrﬁ@?&&‘do @ LHPBMbAas? M Ce
per condition were used; the average of experinments is shown. Figure 8.
Devel opnent cfvakiatedd and S@rcdsordeﬂawédcalme\teme?:’édaﬁerit@um are| exppissedyas 88 and

| yrmphocyt es. TRIEREE Ses6Y Yo esn & an S ddi RENL e R Bbe LosHtE Thtat od.
with anti- Co%fl 1%9%:&6?98:‘ 3%1119%%6&%?11518!)1;& q1spé’ tﬁ{?«e e%’lZ%xgéﬁx{]Q{tﬁ fs' S Was

apparent by con or Severa ce wer reated with
the indicas edsmAhSB aviedoficterf nfléyhave alrbduded ethiéteyscOre dorsardtiets antisaleval uat ed
and scored on a 0 to 4 scale every 3'a day. Results are expressed as the
mean arthrit |I@Abdtﬁa@dp’eid-typm1@reﬁmmmcn@1 é@i@lﬂ?eandfscm)lng @mpstlmﬂi abavece per

di t d 9, f anti hi bi t f
Co e, v BrplBE B BB SR80 e g7 PRt el o

day 0, followed by LPS ﬁgur@@ynévewrﬁém bfir&xﬂtﬁ%s BORAER IO oF and

continued for several Mce were treated i.p. wth the indicated dose
of either Ha4llyﬂlphoq.m¢s3qnd igabition lof attirithdahy ahliSh K mmb ocEGrsah)hmathbmoewéry 3" d day
starti ng on day 0. Each linb was evaluated and scored on a O to 4 scale

every 3' QayIY‘TRéQ‘EMt@SS ‘Hﬂé‘%@rﬁ@k@e@! RAGtIndefipicnt Bérltzﬁrmlc%"es%'é?"éﬂdp‘@rl li nb

Ther apout | ot FuaraiEhen FABHREAI0, Jhied BT @LoRL SRR we bl 4 © 1O
W d-type Bal g4 MWﬁbeWmewbﬁ%mnﬁhMWr 25

foll owed by LP on, day 3. Arthritis was. apparent by day 6 and continued for
several weeks¢veny 3 dpestarting ondayi0i Epch kiwb u«'(tgsm;comdmgw salgr ot ei n

(200 g) ever ycvery 3 day. Results are expressed as the mean arthritic score per limb {(maximum

15 score of 4). Groups of 4 mice per condition were used.
~ Figure 9. Dose responsc of anti-al mAb inhibition of arthritis. Wild-
typé Bélb/__c mice wcr§ treated with anti-collagen mAbs at day 0, followed by LPS on
day 3. Arthritis was apparent by day 6 #nd };ontinued for several weeks. Mice were
| treated i.p. with the indicated dose of clther Ha4/8 (isotype control) or Ha31/8 (anti-
20 al) mAbs cvery 3"1 day startmg on day 0. Each limb was evaluated and scoredon 2 0
:to 4 scale every 3 day Results are expressed as the mean arthritic score per limb
p : (max1mum score of 4) Groups of 4 mice per condltlon were used.
anure 10. Therapeut;c treatment with anti-o.1 mAb can decrease
o arthntlc score. W:ld—type Balb/c mice were treated with anti-collagen mAbs at day 0
25 followed by LPS on day 3. Arthntls was apparent by day 6 and continued for several
wccks ‘Mice were treated i.p. with mAbs (250 pg) or Ig fusion protein (200 ug) every -
l3“’ day startmg on day 4. Mice received clther mAb (Ha4/8 isotype control or Ha31/8
anh-o:l), Ig fusmn protem (Isotype control Ig or 'I'NF-RSS-Ig) ora combmatlon of
| .both (250 ug Ha31/8 and 200 ug TNF-RSS—Ig) Each hmb was evaluated and scored
30 ona0tod scale every 3 day. Results are cxprcssed as the mean arthritic score per

limb (maximum score of 4). Groups of 4 mice per condition were used.



Ry

3"' day starting on day 4. Mce received either mAb (Ha418 isotype control
or Ha31 /8 anti-al), 1g fusion protein (Isotype control Ig or TNF-R55-1Q)
or a conbination of both (250 ug Ha31/8 and 200 ug TNF-R55-1g). Each linb
was eval uated and scored 30 on a O to 4 scale every 3"] @afCTRAfhI ts are
expressed as the mean arthritic score per |inb (maxi numscore of 4). G oups
of 4 mice per condition were used. 1 2-1B€T 2005 -14 C 10 Figure 11. Location
of the Epitope for the anti-al | domain Blocking mAbs. A Amno acid
sequence of the rat (Higme BEQdchridiotBy E@rrdpdy(wm}m griebd \WdomnbsBlduesg 91- 96 of

SEQ I D NO 64). al -I domai n., The resi dues conprise the., MDAS (netal ion
- dependent Si nAg}l‘t‘%?Cl%?qUF“%?r‘éf @ﬁb%rﬁtopns%@lr@ NOH3) gadhnman hekyaci ds

‘that replaced.th | due show b owthe ra
“sequence in° %‘ﬂ%esﬁf’&%d"’ﬁ?g?mﬂﬁéﬂﬁ%i‘é PR &g&raﬁéu ecrOPH’ ﬁhet he text
refers to MiHASHGM fon de %&?M&%ﬁ@%}%ﬁot@@a’%%ﬁ%b(ﬁdgﬂe B8man yst al
nunberi ng. B. | ncreasing concent rati ons of mb AJH1IO (ATCC No. PTA-3580;

deposi t ed wndee atidettBtrbpesd the oemtpyondirgirat ﬂmdﬁem(mma)mrar yipewChidlbwribe
- Col | ection, Manassas, VA, USA on August 2, 2001) were bound to pl ates
coat ed wi t HaGApgHCAin therhened eqeion. eliqrclqﬂé:f reﬁléweamgv@gangda qatAHr@Eqwr es) al-|

domai n. Dat e t f e 2. Am no
acid seque&glg%@WH %Sn%grg'ﬁ &é §te8 ?%E@j %ﬁ&ﬁ}dﬁ%ﬁ@ﬁél gur e §Sné
| dent.i fi catdo@ferfatianddEKD mHmk(Am:(t N@ BT A=3580086p0Biteundeb tHe BudRp&st NY '

concentration of mAbs AEF3 (triangles) or AJHLO (circles) were bound to
pl at es coatbeatyivith e Agnericaa(Type Cadined GolleBtiomHdandssas, NOnhISA omdugnsidied with

%3:1 i;??a?@ﬁﬂf%%%e{@ué Wyt et pity ot of B liesbite ﬁg@gl%%l ”?ESSQA?E"
pouna Lo 20 knia) (-1 Sinall Darashiv i Bl Rty r il chsbeor G0l T

each wel | adhered to Figatd BHEANiNG a@a%@qu%ﬂwurtwhﬁxﬁm a&qraoa{awgsm%mhree _
i ndependent experinents. Figure 14. Species Cross-reactivity of the bl ocking

mAbs anal yZ24@:6#). fl uorescence actlvat ed cell sorter (FACS). Rabbit vascul ar
snooth nuscle cells re incu with either AJH 10 ttom, or nurine
19gG control (top) an\(I):§ en ?%V"WG@?‘E@B’@% é(b’t”?\%{t'é‘g’”é@m Asorter
(FACH - Increasing concentration of mAbs AEF3 (triangles) or ATH10 (clrcles) were bound to

plates coated with 30 pg/ml .- I domain. B. The al-I domain was treated with
increasing concentrations of mAb AJH10 (diamonds) or mAb BGCS5 (squares) and
bound collagen IV (2 pg/ml) coated plates. C. K562-al cell were treated.with
increasing concentration of mAbs AEF3(triangles) or ATH10 (circles) and bound to
20 collagen IV (5 pg/ml) coated plates. 45-50% of cells added to each well adhered to
C collagen I'V. Data shown is repres.entative of three independent experiments.

Figure 14. Species Cross-reaétivity of the blocking mAbs analyzed by
fluorescence activated cell sorter (FACS). Rabbit vascular smooth muscle cells were
incubated with either mAb AJH10 (bottom) or murine IgG control (top) and analyzed

25 by fluorescence activated cell sorter (FACS).
Figure 15. The al-I domain binds collagen. A. Increasing
~ concentrations of the human c.1-1 domain were bound to plates préviou_sly coated with
1 pg/ml collagen I (squares) or collagen IV (circles). Values shown have been
corrected for background binding to BSA. B. 2 pg/ml human a1-1 domain was
30 | mixed with increasing concentration of an anti- human al integrin antibody SE8D9

(squares) or an anti- human o2- integrin antibody A2ITE10 (circles), and then bound



Figure 15. The al -1 domain binds collagen. A Increasing concentrations of
the human al -1 domain were bound to plates previously coated with | tg/m
col lagen | (squares) or collagen IV (circles). Values showi hdiH 3

corrected for background binding to BSA. B. 2 pg/m human al-I domain was 30
m xed wWith increasing concentration of qg anti- hunman al integrin antibody
5E8D9 (squares) or an anti- human a2- integrin antibody A2I1 E10 (circles),

ol | agen 1o ReErprgussaed saebi GBSk i ek g hotd Yisbdnch Bl

domain (2 S t he

pr esenc<(a of'g‘i/% ¥ mwA yapgH%%%K%%%hﬁ&anﬂ%@ﬁbgg?%gent ative

zf three | ndppInslses ?1%1%3% b SencEbULEAM Mn™, b?@HM'ED’FA Humani zed
QC2 Forns. mA riangles), chAQC2 (circl es) QC2 (inverted triangles)

and hAQC2' Dsttho*eﬂ)s mpreeentwm@ﬁb@dmd@pcmdmr m:tenmncst VITA-1 binding to
type LV collagen. B. Lnhi bi Inbl col | agen.
CypBl Adi ng togl mobi | igé’d'e&%’ %ﬂ&%fﬁaﬂfﬂi Wﬁ@'ﬁ" ﬂf]gf;’%%#ﬂﬁmsmﬁég’f’ at ed °
mA f

QC2 for t@%&cﬁl&g; m?dd'c'lgs?%@ Ldsqraﬁa 'ﬂA({CZgggqﬁaéZ)were

Characteriz zed A y FA Fi gur

Char act er i zatalhetedf Hurranl zed AQCZ Form; by FACS. Fi gure 19. Atonic
structure coordinates for the ad-| domainl Fab conpl ex, as derived by X-ray
crystal | ography from érﬂ@-‘é@!t@“(ﬂf%'t @WS&WI‘%%F@% lege. Data Bank (PDB)

format. The coordi nat the t l.exes,. i the tric wunit are
listed as follows. Co ﬂﬁ?bfxon%ﬁéﬁcﬁ)g{?%ném%fnﬁg ¥qra1%?%gri n nolecule H
= hegqyy chain of hAQCZ, FEiRding®é GEMbEIlized el 1 ABMmat n of hAQC2 Fab

D. Competition with biotinylated mAQC2 for binding to immobilized

a1-[ domain.
Figure 17. Characterization of Humanized AQC2 Forms by FACS.
Figure 18. Characterizarion of Humanized AQC2 Forms by FACS.
15 Figure 19, Atomic structure coordinates for the al-I domain/Fab
complex, as derived by X-ray crystallography from crystals of that complex in Protein
Data Bank (PDB) format. The coordinates of the two complexes in the asymmetric
unit are listed as follows.
Complex 1:  molecule A = I domain of iﬁ:‘.egﬁn
20 molecule H = heavy chain of hAQC2 Fab
| C molecule L = light chain of hAQC2 Fab
molecule M = Mn™
Complex 2: molecule B =1 domain of integrin
molecule X = heavy chain of hAQC2 Fab
25 fnolecule Y = light chain of iJAQCZ Fab
molecule M = Mn™
Figure 20. I domain-Fab complex. A. Ribbon diagram of the I
domain-Fab complex. The I domain and the anubody heavy and light chain are
labeled. The Mn*? ion is shown as a sphere. B. Close-up of the MIDAS (Metal-Ion-
30 Dependent-Adhesion-Site) site showing the coordination of the metal ion (sphere) by

Aspl0] (crystal numbering). The



nmol ecule M= M1" Conplex 2: nolecule B =1 domain of integrin nolecule X =
heavy chain of hAQC2 Fab nolecule Y = light chain of hAQEZ Bap {ﬂﬂﬁ' ecule M
= M" Figure 20. 1 domain-Fab conplex. A Ri bbon diagramof the

domai n- Fab conplex. The | domain and the anti body heavy and |ight chain are
| abel ed. The Mi" ion is shown as a spherng. B, C ose-up of the M DAS

(Metal -1on 30 Dependent - Adhesion-Site) site showi ng the coordination of the
metal ion ( ) el . T T, 2005 al (31,
in the peri %%E%E’%%@\égaﬁﬁg%@%@%%ﬁ%&léu#?% J&%%%%ﬁl?solﬂghéé?lgﬁ%g?%

i nf | ammat i ofepreskitatibs 0TEXE (rdisrstlepret et tntofactisiisa@bi-dwn thamietal iahshd grogment s
thereof in inflammtion beyond | eukocyte attachnent and extravasation at

t he endot hettoats. Theshipdings Bpressnighttiogas.i Fig. 2hwas made vathcbe sgftware matri x-rich

peri pheral tissue ' nt t i e,ras ¢ it reveals peripheral
ti ssues as amﬁ‘éwﬁﬁgﬁpﬁ{%%"&32%1’%%r8’3§§?§§§§%&ed t herapi es L
Anti-knteLyrin Antibogigfre P18 ARLBRIS o d syshfl INASE Dhrry DYEAL iAM-LARLL TP at e
the use of antibodies o integrins wheré the integrins contenplated include
nmol ecul es weiw@ided byphe ssarage redbuncbyaligs. A2reedd3i ng but not limted to 01, 02,
03, 04, 05, 06, 07, 08, non-covalentIX bound to_an a chain, including but
not limted to al, a2Figure224 A @uss segtionaf a mggnaily storgga gedgp- cLL, aM aX,

aD, aE, allb. Exanples., _he rious..in rins. eontenmplated for use in the
i nvention incl ude, bu?lélrgrzﬁbfiv'f f’fﬁ‘%%ﬂorf éf‘g%épglrcgﬁ%Trﬁa é?%%ﬁéré’r%gee shown as
ri bbons andplhgnsi de chains in the ball-and-stick representation. The

cylinders represent interactions between the netal ion and protein atons-
The thin lines represent Hbonds. Fig. 20 was made with the software

pr ggr.am Rl BBONS (Carso 1i_®mﬁm Figure 21. A

di g‘gm of a system us@i@@?‘i’f‘sﬁérwﬁ 1S ? coded by the _
storage medi um of Fi g$tis 32i@00ergDf el SsBt BrentfbrCthefs ﬁﬁ%ﬁ?'&b&'fin@eg‘i‘&gnet' c
storage nedium Figure 23. A cifoss-section of an optically-readabl’e data

st orage (e.g., VLA-1) and fragment thereof, particularly, an al-integrin subunit, can block the

interaction of pro-inflammatory leukocytes with components of the extracellular
matrix including, but not limited to collagens, laminin and fibronectin. This discovery

15 illustrates the importance of adhesion molecules of the integrin family, particularly
a1B1, in the peripheral tissue environment during éondirions related to inflammation.
It also extends the role of integrins family and fragments thereof in inflammation
beyond leukocyte attachment and extravasation at the endothelial interface by
highlighting the importance of the matrix-rich peripheral tissue environment to

20 immune responses and it reveals peripheral tissues as a new point of intervention for

adhesion based therapies. '

L_Anti-Inteorin Antibodies
The methods of the present invention contemplate the use of antibodies

to mtegrins where the integring contemplated include molecules which comprise a 8
25 chain, including but not limited to B1, B2, B3, B4, BS, B6, B7, B8, non-covalently

bound to an o chain, including but not limited to «l, a2, a3, a4, a3, o6, o7, a8, o9,

al0, aV, oL, aM, oX, oD, oE, allb. Examples df the various integrins contemplated

for use in the invention include, but are not lirnited to:



medi um DETAI LED DESCRI PTION OF THE INVENTION It is a discovery of the

present invention that an antibody to an integrin (e.g., L& nd
fragment thereof, particularly, an al-integrin subunit, J%@ﬁéﬁﬁt

inter actwgrbzfagmg‘{o inflammatory | eukocytes with corrponeni;.ér‘,g}gmt,ﬁ]g21
extracel lular matrix including, but not [imted to collagens, lamnin and

fibronectin. This discovery 15 illustrates the inportance of adhesion

nol ecul es of the integrin famly, particuw7arly 1 2 OCT 2005 WD 02/ 083854
PCT/ US02/ 11521 -17 al pl, a2pl, a3pl, adpl, abpl, a6pl, a7pl, a8pl, a9pl,
al Opl, awvpl, aLpl, aNpI axpl ; aDpl, allbpl, aE(31; al p2, a202, a3p2, a4p2,

o502 7082, 2107 Sa01%Kef, ANPGSHL B0 bag MR, cange. 0o
al 0(33, aVp3, alLpavph mj‘m(%axp]a ,,qﬁbﬁbpmmaEpB al p4, a2p4, a304,

adp4, ad5J34, a634, ar04, a804, a904, alOp4, aVp4, alp4, aM4, aXpd aDp4,
al | bp4, -aEp4; al p5, az2p5, ct3p5 a4p5 a5p5, a6p5 ar7p5, a8p5, a9p5, alops,

10 "Vp5,. alLp5, a 3p6, a4p6,
aSp6, aép6, a7psé, '\@ﬁ}%“ﬁgﬁ@% 248 “@W@@E@% Sigﬁﬂé’% 2, aD 36,

al | bpG, aEp6; -al ngﬁ , a707 a8p.7, agp7,
acl1007, - "Vp7, %VB ﬁ%? a aﬁ%%’b %a?glﬁgzaﬁ%é? 15 x1(38, 6208, a3(S,
a408, ab5p8, a6p8 ,a708 a808, x9(38 al008, aV(38, oai$8, aM 8, ax38, aDp8,
al i bp$ aEp8; 'The methods of the present invention also contenplate the use

of antibodi es to &HiZegaP3, &BRYreetfids obfpLlofdiBng 7B dEianPBd clfiBdbodies to a p

chai n al one, |ncIu p3, (i4, (35, 06, p7,

08, as well as an @ bﬂa‘\‘lﬁ) G-Rﬁiﬁ &lgbg’loﬂzbé%ﬂﬁﬁé?’ﬂ%ﬂ% linited to al, a2,
a3, a4, a5, a6, 0. a8, a9, alQ aV, aL, aM o X, ab, aE ' allb. In addition,
t he met hods of the present invention further contenplate the use of

antibodi es to integif4) GIpagEBPs Sx4pH; bOPLNEHHA0E 7B ABPACIPR, CIOP42005
aVP4, oLP4, aMPp4, oXP4 aDP4, albp4, aEB4;

© alBs, 25, a3PS, asPs, a5Ps, a6ps, a7ps, adps, a9ps, al0ps,
10 - aVPS,aLBS, aMBS, aXBS, aDPS, albfs, aEpS;

alpb, a2p6, a3pé, adps, asSps, 06B6, a7p6, a8p6, a9p6, al0p6,
aVB6, aLP6, aMB6, aXP6, aDP6, allbp6, aER6;

«lp7, ‘«2B7, a3B7, 047, aSP7, a6B7, a7p7, «8p7, a9P7, al0p7,
'aVp7,olB7, oMB7, oXp7, aDP7, allbB7, «ERT; -

15 olB8, a2P8; 03p8, adPs, aSP8, a6Ps, a7p8, a8P8, u9PS, cl0ps,
. VP8, aLp8, aMP8, oXP8, aDPS, allbps, aEPS;

- "I'.heiinethdds of the present invention also contemplate the use of
antibodieé to integrin fragments including for example antibodies to a B chain alone,
e 1ncludmg but siot limited to 1, B2, 83, B4, B5, p6, B7, B8, as well as an . chain
20 alons, including but not limited to al, 02, a3, a4, a5, 6, a7, a8, o9, al0, aV, oL,
oM, oX, aD, oE, aflb. In addition, the methods of the present mventlon further
cdntemplate'the use of antibodies to integrin ﬁagznents including for exﬁinplc



-18 antibodies to the I domain of the a chain, including but not limted to
the I' domain fromal(il (Briesewi'tz et al., 1993, J. Biol. Chem 268:2989);
a2P1 (Takada and Hemler, 1989, J Cell Biol 109:397), aLg Zﬂ&a@gn et al.,
1989, J Cell Biol 108:703), ctM32 (Corbi et al., 1988,

- 263:12403), aXR2 (Corbi et al., 1987, ENMBO 5 J 6:4023), aDP2 (G ayson et

al ., 1988, JExp Med 188:2187), aE(37 (Srmaw et al., 1994, JBiol Chem

. 269:6016) . I n one enbodinment, the al-1 donmain antigenic determ nant

i ncl udes an am no acid sequence of at |east 6 contiguous am no acids,

o rel ated Crigods® KB ARRRHE oiihe S oAt BobiniBneHeR LB E Bomtin® 12 17
Val - G - A o G G B R 1 URDAO3- 61 e SERARNQA) 1B 1 o

producing integrins use i n’t'hé’present inventio wn to those of

©skill in thgemldr, 1989¢J Cell Biol 190139MY LA (Latson el A9RNM CeILB4 0081268)434) .
Enbodi ments of the present invention further include anti-integrin

pol ycl onal @hvﬁ@erﬁlodulebaﬂall%&,tJBmﬂCésm 26&1166!03}9@1(626@01&}11@ g, d8EHEMBent i on
~include a nongclonal antibody an_antj | onal anti body

Ant'i bodi es f &A0E3egIR{{raysan Sta?ltulg&z? a[rEJ‘ﬁ”cMe‘Flb%%l 8@9&?%@13“4 etal ude human

ant'i bodi es ] e chi ner.i c ant i gen- bi ndi ng
fragnents o]fdbﬂngllyéde(%lef"oa%@ g@% S eén gbme’ﬁgtb ?g((g)g%nﬁaléfﬁ? ’f—c( v) anti body
fragments. GqdniiitiiRgsieasn %{mﬁchacﬁd sédi‘n\éﬁ&t SRR An$igubiRCArhifls aBiaot ei ns
contai ning one or nore imunoglobulin, [ight 20 chains and/or heavy chai ns,
such as noneheemn tha domtugmumseqluemc&rmfounldmlﬁnm the(sequengce oflFigei2 lora telateter s) of

these chai ns, ere these chains are o |o ally fide-bo _
herwi se cHBRQAITeRl the CoptgRus SAIYHEISSGl Y- ‘ﬁf)‘é“(gllzipé raTgre agﬁ'&%toé one or

nor e a”t'gﬁi‘QLPaN . al, (x2, a6 or alpha-1 domain containing integrin
subunlts) a uhcl)i on bl ocking anti body as used herein refers to an 25

anti body that binds tMethvelsd@brprodanimd integhng f(&)(ﬁmﬂtfhe pr@eﬁﬁiﬂmnﬁﬂmﬁﬂ of Fig.
12, and bI ocks 00t‘%BIfunctlon as tested, for exanp %é\y their ability to

i nhibit K5650 perriakil ndheart ive: we. COPTTESEAL qlvl? a8 93P ¢23%94)-The
0] o g ssct e Bt B 1 A R BBk, o (115
polyclonal and monoclonal antibodies. Embodiments of the present invention include
15 a monoclonal antibody such an anti-almonoclonal antibody. Antibodies for
treatment, in particular for human treatment, include human antibodies, humanized
antibodies, chimeric antibodies, and antigen-binding fragments of whole antibodies
such as Fab, Fab’, F(ab’)2 and F(v) antibody fragments. Some antibodies of this
invention may also include proteins containing one or more immunoglobulin light
C 20 chains and/or heavy chains, such as monomers and homo-or hetero-multimers (e.g.,
dimers or trimers) of these chains, where these chains are oﬁtionally disulfide-bonded
or otherwise cross-linked. These antibodies may be capable of binding to one or more
antigens (e.g., al, a2, a6 or alpha-I domain containing integrin subunits).
~An alflfunction blocking antibody as used herein refers to an
25 antibody that binds to the o.1-1 domain, for example, residues 91-97 of Fig. 12, and
blocks a1B1function as tested, for example, by their ability to inhibit K562-al
dependent adhesion to Collagen IV (see Example 15).
The following describes the various methods of making-the antibodies
of this invention. Methods that are known in the art but not specifically described

30 - herein are also within the scope of this invention. For instance, antibodies of this



30 - herein are also within the scope of this invention. For instance,

anti bodies of this 1 2 OCT 2005 -18a invention can also be identified using
phage-di spl ayed anti body libraries, such as those descr{BegCT (8 th, 1985,
Sci ence 228:1315-7; U. S. Patents 5,565,332, 1 2 OCT 2005 WD 02/ 083854

PCT/ US02/ 11521 -19 5, 733, 743, 6, 291, 650,1gand 6, 303, 313. Addi ti onal

anti bodies of this invention can be made by coupling the heavy chains

identified he

dent 11 od Bopaga b i o8 aARE kG0 b FRsPed arfiophy Pres e o es 5
The -nonocl aRade RBEAYRAGH Sty 198, Sc!eﬁ&’@lﬂﬂ o3 5CRIU Bepgene saegdizby wel | known
hybri doma. technol ogy. For |nstance (3, -/- ani mal s (e.g., mce, rats or
rabbits) can be inmunized with purified or crude a F preparatlons, cells
transfected with cDNA constructs encoding a,, P, or both antigens, cells
that constitutively express ai{3l, and the |like. The antigen can be
delivered as purified protein, protein expressed 10:: on cells, protein
fragnent or peptide thereof, or as naked DNA or viral vectors encoding the
protein, protein fragnment, or peptide. Sera of the i munized aninmals are
then.tested for the presence of anti-alp, antibodies. B cells are isolated
fromaninmals tliMtest positive, and hybridomas are nade with these B
cells. Anti-bodies secreted by the hybridomas are screened for their ability
to 15 bind specifically to VLA-1'(®.g., binding to a.l-transfected cells
and not to untransfected parent cells) and for any other desired features,
e.g., having the desired CDR consensus sequences, inhibiting (or not
inhibiting in the case of nonbl ockers} the binding between collagen and
VLA=1. Hybridoma cells that test positive in the. screening assays are
culM=ured 20 in a nutrient nediumunder conditions that allowthe cells to
secrete the nonoclonal antibodies into the culture nmedium The conditioned
hybri doma culture supernatant is then .collected and anti bodi es cont ai ned
in the supernatant are purified. Alternatively, the desired antibody maybe
produced by injecting the hy-bridoma cells into the peritoneal cavity of an
uni muni zed animal (e.g" nouse).. The hybridoma cells 25 proliferate in the
peritoneal cavity, secreting the antibody which accunul ates as



ascites fluid.. The antibody may then be harvested by w thdraw ng the
ascites fluid fromthe peritoneal cavity with a syri ﬂge Ihﬁ] nocl onal
anti bodi es can al so be .generated by isolating the Qg g di ng. cDNAs

fromt hﬁ%%% ﬁg hybri domas., transfectingmanmalian hostPCf,,legﬁhlsﬁ (e.g.,
CHO or 3 with the cDNAs, culturing the transfected host cells, and

recovering the antibody fromthe culture nedium 1 2 OCT 2005 WO 02/ 083854
PCTI US02111521 -20 II1. Chinmeric Antibodi¥s The nonocl onal anti bodi es of
this invention can al so be generated by engineering a cognate hybridom
(e.g., marine, rat or rabbit) antibody. For instance, a cognate antibody

can be al t er esi7i3y7432629Dj658tind B)¥V3L FGh PRREINABUEB LR BR invéitiofthn & Of the
hi nge and/ or const ant regi ons of the heavy and/or |ight chains are replaced

with the cormmn@&wm@mﬂd@nﬁadwhmwm # opncogoath dghtabeini es
(e.g., human), a onali ns of the engi neered anti body
renmain i dent i C&t 2 Gﬁ&% gﬁ‘ﬂégﬂ'ﬁﬁeg %fﬂ’%ﬁt& RRQl9&Yhl e dommi ns of the cognat e
anti body. Sucf, anﬁiﬂiﬂ&‘ﬁ%ﬁﬂndcﬁﬂ& mgmdié called a chinmeric antibody and is

| ess antigenic an- the cognate antli 10 when adm nistered to an

i ndi vi dual Sof the speciBws homviasai mttﬂatoldss of thiretnwendionrcan be gsneaated bewelbn i s
derived (e.g. hods nakln hlnerl ntibodies a

known in the %Fﬂwnkhxgﬁa%mﬁﬁ?i‘f‘%iﬁgyré 15?%“‘: I{JGB“’E‘ 6@ d’é‘ﬂ‘iev’é‘& qrr‘?}%ﬂt\é\gq

and 19G4. | V.o lvfi\ﬁ{ Md%?cnluﬁs-& 6, %th@aéené pf this

I nvention also |nc ‘ude unan antlb e prepared usi ng

i n vitro- pri.nedNAwrastngs tﬁnmgeg BlasbotﬁaﬂnganbemllbmaBmtsnamvety eaimess1991 J.
| mrunol . 147: 86-95, or _using phage-displayed.  antibody |ibraries,
descri bed i'n; ®dind the Eke. Fheamtioen sodegishiverad @%wﬁaﬁqd\mpvm,pmtm emrﬁ%iﬁd

ant i bodi egama by Persson
ot al o 1981 ¥ BsOArORE Bty of BEAY ilfeart B 58RI ENR IR AEE "
Stoll ar, 1991€:n06di|i\ haprotein, WedtbindFaghtht, oEﬁJﬁmGSeﬂamfaﬁkﬂnim@mzcd ddirfrals Bat ent
5, 798, 230 (‘Au 25, 1998) describes preparation-of human nonocl onal

ant i bodi es frg\%ﬁ@ﬁﬁoﬁhé@rﬁwmfepﬁﬂﬁmﬂhﬁd%tﬂﬁdéﬁyﬂp%ﬁ ﬁi@nmq s are
i mortalized %i&fp&ﬁw&nﬂh%nm%% Baélr Vi ‘eSO’ @ derivative

t hereof, that
Antibodies secreted by the hybridomas are screened for their ability to
15 bind specifically to VLA-1 (e.g., binding to «,-transfected cells and not to
_ untransfected parent cells) and for any other desired features, e.g., having the desied
CDR consensus sequences, inhibiting (or not inhibiting in the case of nonblockers) the
binding between collagen and VLA-1..
Hybridoma cells that test positive in the screening assays are cultured
20 = inanutrient medium under conditions that allow the cells to secrete the monoclonal
. -antibodies into the culture medium, ‘The conditioned hybridotﬁa culture supernatant is
| then collected and antibodi.es contained in the supernatant are purified. Alternatively,
.. the desired antib_ofl_y may be produced by injecting the hybridoma cells into the
- pentoneal cavity of an unimmunized animal (e.g., a mouse). The hybridoma -célls
25 . proliferate in‘the peritoneal cavity, secreting the antibody which accumulates as
ascues fluid.. The antibody may then be harvested by withdrawing the ascites fluid
- from the peritoneal cavity with a syringe.
| . The monoclonal antibodies can also be generated by isolating the
- anubody-codmg cDNAs ﬁom the desired hybridomas, transfecting mammalian host
30 cells (¢.g, CHO or NSO cells) with the cDNAs, culturing the transfected host cells,
 and recovering the antibody from the culture medium.



25 expresses Epstein-Barr virus nuclear antigen 2 (EBNA2), a protein
required for immortalization. The EBNA2 functiion is su Zqﬁﬁgt%ﬁ%shut -of f,

resul ting in an increase in antibody production. Sone ot s for
producin 4 Oi,J)uman anti bodi es i nvolve the wuse of non-Juu i.mal s t hat
have i nac |va endogenous 19 |loci and are transgenic 3 run-Tearranged

human anti body heavy chain and |ight chain genes. Such transgenic animals
can be imunized with alas and hybri domaspg@re then nmade fromB cells 12 COCT
2005 WD 02/ 083854 PCT/ US02/ 11521 -21 derived therefrom These nethods are
described in, e.g_, the various GenPham | Medarex (Palo Alto, CA)

publ icati ons/ t transgenic mce containing human Ig
mniloci (e. g—tcrrl!é'ewaﬁzi %iﬁ efi Aifihbd 9tent 5,789; 650); the various AbgeniXx
(Fremont, . CA) publi cat i Dimpidcistad antibiodids @F BES inveRiok NI sobe@@ndated by
Kucher | apat| U S. Patents 6,075,181, 6,150,584 and 6, 162, 963, G een et al.
1994, Nat ur eeqgimRsting 8 cygueg: lybridema (svBn Bauingt rabor rabbip gmtibody Fos instanes. iac s
15(2): 146- 56) e

K
concerning "t F%ﬁ?@g’rﬁn@ q%v"%élbféﬂ dhg’:‘é‘%"%ﬂ’?ﬁ) ?I*P‘%%ﬁimf’ i onsée_@i pa{,ﬁ orall 997,
Nat ure_Gengt i 6§th$@ui§3%né¥614§9nsta}{t reﬁ%@@ﬂf&%@éﬂdﬂﬁ‘ﬂ R6chhiif a@ﬂ:ﬁﬁbmim

antibodies of this invention also include hurani zed~ versions of cognat e

anti-a, pl antlicodegendieg corapodentrnianhstibetefrora snother upaging (esgl, huaran).body i s
.an anti body u recomnmbi pnant. DNA t echnol g i n which some or all
of the am no g{‘? @'ﬁ"égh hlﬁﬁomfﬂfﬁ’é&%wqeﬁrqgl Hgg@rre’ﬁ‘é‘é\}ﬁle%ﬁé]i‘ﬁ that are

not required ( |

f ramewor k reg%‘g{ﬁgﬁ gﬁllﬂ%go?the vargllea I(ligorrf:s}lﬁ %S@E{rﬁgﬂh}%@égtsﬁ% lﬁg%l%%?%d for
t he corr espondititipdgid cafieda bhiﬂ‘lei'lﬁ.‘.(hﬁtlb(fthj dndghlesoantizenic thanthe vogiatet dniboedgnat e,
nonhuman anti body- By way_ of exanp a_ humani zed versjon.of a nurine
anti body tl§ aV@Wé‘ﬁnﬁ‘hﬁ“Ff&bW Qﬁld§d'di13"l§1)?f*ﬂ16ﬁp‘?cﬂe§ frasawiich thehmnggd/ehai ns (1)

constant regi t f

vari abl e donmenif it RRE A e ksl MOREREER i hRERAES
anti body. V%earmaemnmonmeomt liRclidethbse @eived _
regi ons can be changed to residues at the correspondlng positions in the

murine antibo@9d¥85%s to preserve the binding affinity of the humanized

antibody to t uli n._Thi: change is sonmetinmes called "back nmutation.”
Humani zed ant Foodh less likely to
15 The monoclonal antibodies of this invention also include fully human

antibodies. They may be prepared using in vitro-pnmed human splenocylces, as
described by Boerner et al., 1991, J. Immunol. 147:86-95, or using bhagé-disp!ayed
antibody libraries, as described in, e.g., U.S. Patent 6,300,064,
Alternatively, fully human antibodies may be prepared by repertoire
.20 cloning as described by Persson et al., 1991 , Proc. Nat. Acad. Sci. USA 88: 2432-

-, 2436; and Huang and Stollar, 1991, J. Immunol. Methods 141: 2‘274236, ‘In addition,
U.S. Patent 5,798,230 (Aug. 25, 1998) describes preparation of human monoclonal
antibodies ffom human B cells, wherein human antibody-producing B cells are
‘immortalized by infection with an Epstein-Barr virus, or a derivative thereof, that

25 expresses Epstein-Barr virus nuclear antigen 2 (EBNA2), a protein required for
immortalization. The EBNAZ2 function is subsequently shut off,'r"esul'ting in an
increase in antibody production. |

Some other methods for producing fully human antibodies involve the
- use of non-human animals that have inactivated endogenous Ig loci and are transgenic
30  for un-rearranged humanantibody heavy chain and light chain genes. Such transgenic

animals can be immunized with «,f, and hybridomas are then made from B cells



elicit an inmune-response in humans as conpared to chineric human anti bodi es
25 because the fornmer contain considerably fewer non-humap nts. The
met hods for maki ng humani zed anti bodi es are descri bed |n1,2eﬁ@fmlﬂﬁ$v nter EP
239 400; éc‘(}%@m} al ., 1986, Nature 321:522-525; R echmapprsekoisz 1988,

Nat ur e §'§ : -327(1988); Verhoeyen et al:, 4988, Science 239:1534-1536;
Queen et al., 1989, Proc. Nat Acad. Sci. USA 86:10029; U.S. Patent

6,180, 370; -and O'landi 30 et al., 1989, Bjqec. Natl. Acad. Sd. USA 86: 3833.
Generally, the transplantation of nurine (or other non-human) CDRs onto a
human anti body is achieved as follows. 1 2 OCT 2005 WO 02/ 083854

PCT/ US02/ 11521 .- 22 .The c encodi.ng heav. nd Iight chain variabl e domai ns
are isol at ed%F‘F‘B?ﬂZ creﬁymmme%ﬁgs eicgéﬁgh‘bé’sg" CY¥HPWar i abl e donai ns,

| ncl uding th@&?ﬁﬁm/ﬁm 4%b 86 W3S APHuBIRAHERIH A mz&ﬁ%f‘%tﬁﬂ &4 pcd he
CDRs s-are transterred ?rc?qgﬁe mé%?rezggndi ng r glg%ns 019 a lﬂﬁ&% ant i body
heavy or | i ghbnaimnghivain Bahmilddr(aigh Lonbag Uhg. Reeu S1ih8;059); shd wrwius ect ed

mut agenesi s. Then human constant. regi on gene . segments of a desired isotype
(e.g, 'y | forAREK{Fremansy ‘@.?‘ﬂﬂ‘t“%“% tentsith reshert £ %@B{m&%d

| i ght.chaiq ¢ B PR t J {8 C CHO or
NSO cel I‘s-)th g&%?%’ cag Ig'gf gﬁ?‘é@ﬁ@zgﬁ?ged aht |4b%gy¢@69@gg&%ntcé?éqlgg?’ge scal e
producti on ofNahtd Gamties7:18121} sndXepdez@eall, 18T eNbmriGoitises 1 X2 66N zed
10. antibodies in bioreactors containing the antibody-expressing cells, or
to produce tangdibejeatiaus Fannfliapan) publicatigawpaients sorrerming Yrassomict puee @xbr ess
the anti body ,i

) e, . a1 U Patent~5, 827, 6 times, direct
transfer of ﬂ%&’sﬂ‘iﬁﬂﬁ‘ﬁ‘?sﬁ’éw%' @g‘gg qeétegc‘ﬁ %ﬁggﬁ'!ﬁ%&ant i gen-bi ndi ng
affinity of thepmwsilibéAndPbdied0dy.. This is because in sone cognate 15
anti bodies, céftain amno acids within the franework regions interact with
t he CDRs-&hd thus i nfl| (Brosondeional/antiboflies nf thigimviitiva alsp intlpdebupanited he

nt roduce, & back. nut ati ons"

RIS T
;Stp?l)gc}]hgf a%kiigﬁgy %?g%hrmt t i. onds&f“g? nom‘hﬁ%ﬂ?ﬁféﬂ?gﬁcﬁﬁ%r m%?asﬁl?g?gaggﬁl
et al.. (supra)ofthCamato acids of 3%Bmibn inmaogihbiolin ¥ightdr hedtyichai$Kat are not
23 p r2 g ggh 2 873 ’-re?;&?edvpoi %Qtligcg)%?rlldhggpfc?gt. ,e!kur:] co%estsaln pc gliggsamli I&1Ce l%ancliee\io(i{ Irgg?orfasnof
. '15  the variable domains) are used to substitute for the corresponding amino acids from
the hght or heavy chain of the cognate, nonhuman antibody. By way of example, a
humanized version of a murine antibody to a given antigen has on both of its heavy
-and light chains (1) constant regions of a human antibody; (2) framework regions
from the variable domains of a human antibody; and (3) CDRs from the murine
20 antibody. When necéssary, one or more residues in the human framework regions can
- 'be changed to residues at the corresponding positions in the murine antibody so as to
- preserve the binding affinity of the hurhanized antibody to the antigen. This change is
- sometimes called "back mutation.” Humanized antibodies generally are less likely to
- . elicitan immune-response in humans as compared to chimeric human antibodies
o +25 - because the former contain considerably fewer non-human componeénts. '
-- , The methods for making humanized antibodies are described in, e.g.,
Winiter EP 239 400; Jones et al., 1986, Nature 321:522-525; Riechmann et al., 1988,
Nature 332—:323-327'(“'1988'); Verhoeyen et al., 1988, Science 239:1534el 536; Queen
wo. etal., 1989, Proc.'Nat. Acad, Sci. USA 86:10029; U.S. Patent 6,180,370; and Orlandi
30 et al, 1989, Proc. Natl. Acad. Sci: USA 86:3833. Generally, the transplantation of

murine (or other non-human) CDRs onto a human antibody is achieved as follows.



that involves two key steps. First, the human V franmework regions are chosen
by conmputer analysis for optimal protein sequence honology to the V region
framework 25 of the cognate marine antibody. Then, the tqr2iGQTy 2685 ucture. of

the mari on is .nodeled by conputer in order to r amewor k-

am no ac%?é@gﬁdes that are likely to interact with thengd? %%Iﬂ?s and

these murine amno acid residues are then superi nposed on the honol ogous

humanf ramewor k. Under this two-step approg? there are several criteria for
irs

designing 30 hunmani zed anti bodies... The t criterionis to use as the
human acceptor the framework froma particul arhuman i rmmunogl obulin that is

usual Iy honol ggo 2005 02/.0838 PCT/ US02/ 11 23 the

non- human dongﬁc F"ﬁ#ﬁﬁ%@%‘b‘tﬁ% dy\gﬂd:ﬁgm vagsiﬁlgéiﬁwgmfarre Wg?a%egilﬁqr? &m many
human ant i bodh?&rdomememm s6duichBés dThé VarfaBleURSndife 1 PNMAhg BRICTSRAGted I at her
than the acceptor if the human acceptor residue is unusuaT' and the donor
resi due is typeteainédby seqhenvare. 'ElmdﬂHAsescmi&ng&rsrﬁHhRﬁmtr&sﬁcdubtodhet he

framework. The third.criterio S onor frarre rk am no acid
resi due rat heFo’ir??Hﬂ“dc‘?gewg’(?BéBE 651 ﬁe@oﬁrgﬁ alﬂ%wa'a%h SNt o the

CDRs. On )
Tenpest, = @Hgﬁ&lﬁ% ﬁgg:%rtr) sftéﬁ[rg&»t-. g%%&t‘%EU g’ %ﬁ‘l{sggg%?%g% orgg%e V region

f r amewor- ks deeg'nwﬁds dfraal&s:&lﬂli%@pd(d?ﬁlymbﬁ@}i addk for @) achadded., Thespecti vel y,
are used for 10 raft W thout radical introduction of nopuse residues.
An advant age brlma%wrﬁream Bghychalargenes arp go-cxpressel i mammpalpgihgigells

ii;zf;rrszrzgrya\r@@"r»rrécvrsﬁrrb% or P B el BT el s o
framewor k resisgiregroddtiondf k@stidiss, fRsleh@tdesiyable 3 pRUuSDLRhIRMadi2ed he

monocl onal antibodies of this invention may further include other noieties
to ef fect ke adidhndiesdn bmmptomgontﬂmgrﬂn@mgéy—exmsmg cdlisdorte prasdiece ncl ude a

toxin noiety tetanstox0| r. a radi opucl e.g., "'In
or 90Y) Tor . ERieh TREAER (&2r pgsriatsey ) il st colhy BT g |

Pat ent 6, 307, Q&@Z . Uf)S. Pafent 5807 89¢).€s may include a noiety (e.g., biotin,
fl uorescent noieties, radioacti ve 20 noieties, histidine tag or other

peptide tags) for easy iAddimes; dincct tranifera (TDRs toTumanfrapeepkdeads yo a ks
I ncl ude a i ethntEg%%mcF ing gfli' oy thehrgéultagtearnwal 1Js Ilsf EccaIls(;)crm some cognate
'15 antibodies, certain amino acids within the framework regions interact with the CDRs
and thus influence the overall antigen binding affinity of the antibody. In such cases,
1t would be critical to introduce "back mutations” (supra) in the framework regions of -
the acceptor antibody in order to retain the antigen-binding activity of the cognate
~ antibody. : : .
.20 - . The general approach of making back mutations is known in the art.
For instance, Q_,ueenl et al. (supra), Co et al., 1991, Proc. Nat. Acad. Sci. USA
U $8:2869-2873, and WO 90/07861 (Protein Design Labs Inc.) describe an approach
... that involves t.wd key steps. First, the human V. framework regions are chosen by
- computer analysis for optimal protein sequence homology to the V region framework
25 ofthe cognate murine antibody. Then, the tertiary structure of the murine V region is
't. .modeled by computer in order to visualize framework amino acid residues that are
. likely to interact with the murine CDRs, and these murine amino acid residues are
* .. then superimposed on the homologous human -‘ﬁ'ame.woﬁc. -
N Under this two-step approach, there are several criteria for designing
30 humamzod antibodies. The first criterion is to use as the human acceptor the
framework from a particular human immunoglobulin that is usually homologous to



exanpl e, a polyethylene glycol (PEG noiety, and a nmenber of the
I mmunogl obul i n- super famly or fragnent thereof (e. rtion of human
ifee heavy chai n constant region such as the hinge, q@ﬂﬁpﬁ 0053 regi ons) .

25 VI 1. zabl e Conpositions and Crystals This in g_gﬁl SO

pr ovi des¥q %glg@gyal | i zabl e conposition containing a orrp¥ 8&)](1%
rat-human chinmeric al-1 domain (e.g., mutant RAH), or a portion thereof
(e.g., a polypeptide including 135 to 3367am no aci ds of the rat-human

chinmeric al-1 domain), and (2) a Fab fragnent of hAQC2, or a portion thereof
(e.g., a 30 polypeptide including 3 to 213 am no acids of the light chain

and/ or a pol ypepti,de including 3 tq 219 am no acids of the he chain). An
exenpl ary coﬁ%l'g’ aé"ffﬁ\%ﬂ T“g Qﬁﬁ%"%@s‘) 3@“@?%@%@3 bﬁﬁtﬁgg‘z&‘i%eﬁaf 24 in
Fig. 20. ThenRghh Q‘rlmﬂod% Qs&%Hd bAEHYA S 10RO the B ?’bf‘ﬂnﬁﬁ'a@xdrrﬁtﬁbnd&iﬁr?thy'S to
336 . (crystal numbering) D NGO 59, infra) of the rat al subunit. The

hAQC2 Fab faagp®en ufstherhymamedcepter tasgiat clraisml amil the daobriesidse Bupmical firo 106

(e.g., 1-213) of SEQ ID NO 3 d heav %amno acid residues 1 to 118
(e.g., 1-219%hugpn 5@@6{1@8&@@% eWprkg ks tRIrd g eHen ide ¥shed by

papai n di gest;i.0 [ nmet hads. The
Fab fragm%nttgH |cﬂmﬁig %@P Q&H rQ @égrg{}]le %gp%ac%%?whgﬁﬁé The vari abl e
domai ns of t hémetigkdy Ed]adeﬂtto&ndCQlet he heavy chains of hAQC2. .145TQLDIV

. 101511 VLDGSNSI Y PV\ESVI AFLNDLLKRVDI GP_KQTQVGA VQY 191GENVTHEFNL NKYSSTEEVL
VAANKI VORG GRQTMI'ALGI Oz@pmx@m;@v@(dlmt\ﬂpm piDfepribedn, o1 CeapdEN QR

FSI Al LGHYN R@L, T 1 ENVSD,E 15(SEQ I D
NO. 59) Sone crygtbgf f]m %@Z?t ﬂ]g%esrlfg'ﬁgp %roac Q%Wg?glﬁ Cgﬁ‘\l’/‘jl:(ﬁt i on may
contain a mheﬁwdeﬁ@ﬁmhﬁmmmyeﬁdhgmtchhﬁs,mb I9rd el ey al-|

domai n and/ or .t he hAQC2 Fab fr%%ment am no acid sequence or by

t hr ee- di niéhs Cd?&igmfgng withouwtaadi ammh@m ofwaesicaeridussi Al adiantage of using not
limted to: tihls approach 1S %t the three-dimensional structures of NEWM and REI variable

regions are known from X-ray crystallography and thus specific interactions between
CDRs and V region framework residues can be readily modeled.
V1. Other Moieties
15 The memoclonal antibodies of this mvention may further include other
moieties 1o effect the desired funchons For nstance, the antibodies may include a
toxin moiety (¢.g., tetanus toxoid or ncm) or a radionuclide (e.g., ""'In or *Y) for
killing of cells targeted by the antibodies (see, e.g., U.S. Patent 6,307,026). The
| antibodies may mclude a rn01ety (e g, biotin, fluorescent moieties, radxoactlve
' .2{_) moieties, mstldme tag or other peptlde tags) for easy isolation or detectlon The
o antlbodles may also mclude a mmety that can prolong their serurn half life, for
| example, a polyethylene g]ycoi (PEG) moiety, and 2 member of the xmmunoglobulm
super famxly or ﬁ'agment thereof (eg., 2 pomon of human IgGl heavy chain constant
- reglon such as the hmge CH2 and CH3 regions).
25 "VII Crvstalllzable Comnosttlons and Crystals
o This mvennon also provxdes a crystalhzable composmon contammg a
complex of (1)a rat- human chlmenc ¢ 1-1 domain (e. g mutant RAH) ora pomon
i thereof (e g.,a polypeptlde 1nc]ud1ng 135 to 336 amino ac:ds of the ral-human
chxmenc aI-I domam) and (2) a Fab fragment of hAQC2 ora pomon thereof (e.g., 2
30 polypepude mcludmg 3 to 213 ammo acids of the hght cham and/ora poly‘pcptldc
~ including 3 to 219 amino acids of the heavy chain). An exemplary complex is shown



20 and/or the hAQC2 Fab fragnent with nutations, such as conservative
substitutions, additions, deletions or a conbination thereof. "Conservative
substitutions” refer to replacenment residues that are p y$ 'Qfﬁ' H imlar in
si ze, shape, hydrophobicity, charge, and/or chem cal per gq t he

correspoy ahghgfier ence residues. Methods for identi fy| N[ if2¢spondi ng”
am no acid are known in the. art and are based upon 25 sequence, structural

alignnent, its functional position or a conbination thereof as conpared to
the crystal structure solved in the preseu- invention. For exanple,
correspondi ng am no acids may be identified by superinposing the backbone
atons of the am no aci ds in the al-I domai nl hAQC2 conplex and a al -1 domain

and/or 1l A h as
SUANTA 30 ( nal S 20 AHIRAN PG diflels SN HEMERL AR HERAEO NS (0D

cor r espondi ndciys@l RGRbKY) (VEQIR/NG:38 548 3T thEed/cl kaBinit. Zﬂleelnﬂl@@z Hab ds may
al so be identified using sequence alignnment prograns such he "bestfit"

Er oglr am avi';u | agmeents wAY imeindedight chain apinp aeidreddunsy, to\/lﬁﬁ&%gu§@§3)c‘?fegﬁ%cal
2:482
omol 00yl 096 s dbert e i L L AR, BTG 800 BB I

(1981). 5 Crystall orrpo 'ons” 0 1Sl nve i’on i hcl ude

-one  or nPreTHAQUE b fagaienBmdPHebediniB) Ilanpmtdlgesnaﬂdfﬂrewheld:ormatI bl e
with crystallization conditions. Such components may include, but are not

limted to, iibpdy or@adqeyrqu@bmpnm@mw é@erﬁab fragmentstineludestdasstan  One

Tho' i nstant | OGREPOHH g SOl TE 4R Hhte 5 e Mokt ety

crystal | i zabl gapRmreaiddens including a.conplex of al-I domain and an
antigen- binding portion of hAQC2 (e.g., Fab, Fab' or other fragnents,
supra). Var| ous techniques of crystallization can ‘be used in the clained
i nventi on, f%éldl,?g ?Vt not limted to, vapor-diffusion, dialysis,

m cr obat ch, 2h, TaRat¥i qui d-1iquid diffusion. 15 Vapor di f fusi on net hods
i ncl ude, let B5E NDVLDGANSEY PWASVEAFLN NMDELKRDIGRNKOTQVAIVEY and

oo e b R AN Sk Pk, ARk R SARRALRE ] 250 (e
drops or resee¥di I DTARKBAFTR. AﬁGMGMszmEBOMRnKQHEI ude m xing a
reservoir SO'EHO” BSEE)%NQI RIFSIATLGHYN RGNLSTEKFV EEIKSIASEP

311 TEKHFFNVSD ELALVTIVKA LGERIF _
15 (SEQ ID NO:59)

Some crystallizable composmons and crystals of thxs mvention may
contain a molcculc or molecular complex that is homologous to the al-I domain
| 'and/or the hAQCZ Fab fragment by amino acid sequence or by three-dimensional
| | structure Examples of homologues mclude but are not lm‘uted to: the ¢ 1-I domain
20 'and/or the hAQC2 Fab fragment W1th mutanons such as conservatwe substitutions,
' addltlons, deletxons ora comblnanon thereof “Conservanve substltutlons refer to
| 'replacement res1dues that are physncally sm‘ular in sxze shape hydrophob1c1ty, charoe,
and/or chemical propemes to the correspondmg reference resxdues Methods for
1dent1fy1ng a correspondmg amino acid are known i m the art and are based upon
25 -sequence structural ahgnment, its funcuonal posmon ora combination thereof as
o compared to the crystal structure solved in the present mvenhom For example,
| correspondmg amino acids may be 1dent1ﬁcd by supenmposmg the backbone atoms of
the aminio acids in the al-] domam/hAQC2 complex and a al-I domam and/or
hAQCZ homologue using well knowu soﬂware apphcatlons such as QUANT A
30 (Molecular Simulations, Inc., San Dlego, CA ©l998,2000). The corresponding



preci pitating agent with an aqueous solution of a conplex of al-1 donmain and
an 20 antigen-binding portion of hAQC2 to produce a cry]sga@%]zzﬁmoe
conposition. The mxture or crystallizable conposition nmay

crystal | We8208B¥Hg the various above-listed techniques. ggpgusiysial | izable
conposition of this invention mybe an aqueous solution of a conplex of

al -i domain and an antigen-binding portion of hAQC2 containing the conpl ex
at a concentration of about 1 to 50 ng peRSsl, such 25 as a concentration of
about 5 to 15 ng per nL (e.g., 11 ng per m.). VIII. Crystal Structures and
Structure Coordinates This invention further provides the three-dinensional
structure of  @minglayidt Blay aike/beddifred lsequefide dihnaitht pidbrandtdciradth€C2 Fab
fragnent at 2.8 A reso ution (Exanple 24, |nfra) The t hr ee-di nmensi onal
structures of" hwrfﬁrpmglawé@ﬂabjemm@emss (énrsrwt@er@pewknChe@bsabfr logal

techni ques described herein 0 the

t hr ee- di mensi BYRPLO g’f?lg‘?ﬂtﬁﬁ”e{i %%@@Bﬁ%ﬁ%&w Eﬁﬂa ‘é WPE%‘E’E 2882 2 oct
2005 WO 02/ 08@@5{1 PCT/ US02/ 11521 -26 structure coordinates set forth in
Fig. 19. These structure coordi nates are Cartesian atom c coordi nates
derived frém nmat hemat i c@nbrstatimblecummpoeﬂtlamed thrsm\rmtlpmmagrfnﬂherubﬂlaicmd from
diffraction of a nonochronati c beam of >ﬁé}ra yS the ato scattering

centers of th&" BPIFCOTPPRRS BHPIOIOLS FIYEtH z%ﬂonl (ST $rmapR n%ﬂ%‘éiﬂi‘lAQCZ Fab 5
, fragment % Dl: aAGidMoldR érﬁuéﬁéo?ﬁ o%ﬁﬁgﬁfﬁglﬂﬁ&%ﬁ’ttsﬁeﬂ&lﬁb?ﬁ '60” density

map of the eating unit o e cry el ectron density map is then
used t o -est abbufﬁr saﬂtagprcpm;atdtmgmgemﬁ ahiddiher @agdntsa t@iecondp onbst cﬁmb@Be% Thi s
i nvention prOV|des a nol ecul e mol ecul ar | ex defined by all or part
of the structWF@W&@P@FﬁS’d@@YW‘%@ C‘Zalrhf’%(fg:c@@@nget forth in Fig. 19, as

wel | as 4§ a homol ogupyof e 0Bh E6HIS SbviTBl LR oF R KysilGhy t he

honol ogue has a root mean square rom ons of these

am no aci ds beiyé@Halle O6mpPositath iGclobing.a cw@texaﬁabqtm @ndgh shtigasl 0. 60 A
(e.g., between 0.00. A and 030 A). _The terns "root mean square deviation”

or "r ms. dev wmmmfén&w&qaa?eh Fiab’ @rfother fagments) suprele YASIONS of t he
f the t h
Geviat; on or bl SBaE ABoh n BE Bla o be dipda Wnfin ARERE Tufnd"®

:j n¥ent ion, t hehrr'ﬁrca@&, vﬁﬁam;ﬁﬁﬁaﬁ,edld@sis,ahicﬁm&cﬁ,rbdiﬂﬂhnﬂ liqeasiqulddiffesigr Vi at i on”
erl nes ’ :

15  Vapor diffusion methods include, but are not mited too, sitting-drop, hanging-drop
and sandwich-drop techniques. Vapor-diffusion methods can use techniques to
" control the rate of crystallization, such as the addition of di]s on the drops or reservoir
solution. Crystailization m‘etho.ds can include mixing a reservoir solution containing
- precipitating agent with an aqueous solution of a complex of «1-I domain and an
20 --l antigen-binding portion of hAQC2 to produce a crystallizable composition. The
. mixture or crystallizable composition may then be crystallized using the various
.above-listed techniques, The crystallizable composition of this invention may be an
-aqueous solution of a complex of a1-I'domain and an antigen-binding por’non of
"hAQC2 containing the complex at a concentration of about 1 to 50 mg per mL, such
.25 asa concentration of about S to 15 mg per mL (e.g; 11 mg per mL). |

. VIIL. Crystal Structures and Structure Coordinates
- This invention further provides the three-dimensional structure of a
«¢rystal including a complex of mutant RAH, and ahAQC?2 Fab fragment at 2.8 A
-« resolution :(Ekam-plc 24, infra). The three-dimensional structures of other related
30 - crystals may also be determined using techniques described herein and those known in
the art. The tlm:c-dimen_sio_nal structure of this complex is defined by a set of



the variation in the backbone of a protein fromthe relevant portion of the
backbone of the polypeptide as defined by the structurir%cmnrd' tes
descri bed herein. A nolecule or a nolecular conpl ex of 1 '™ tion may

al so m%gﬁg{mgsq a binding site defined by structure cosrguseatiesiof at

| east seven ami no. acids of the hAQC2. Fab fragnent selected fromthe group
I ncl udi ng of light chain residues Asn30, Tyr4S, Trp90, Ser9l1, Asn93 and
Trp95, and heavy chain residues Ser30, Arg3l, Trp47, Ser52, Gly53, Hi s56,
Tyr58, Phe99, Ayl 00 and Aspl 01 (crystal nunbering) according to Fig. 19;
or a honol ogue of the nol ecul e or.nolecular conplex, where 25 the honol ogue

I ncludes a bipgling cdbidindtdddkt 3 u‘ilFfé)(Pi’ TRER shlMtleSodfithild KOChARAL he
oF

backbone atons of one or nore these am no acids between 0.00 A. and 1.10
A, such  as. aimieeoordifa@s dedved fiorf Gnathefreatigal equatiomseelaed @tha pattemd. 50 A). The

term "bindin site" as used herein, refer to region of a nolecule or
nol ecul ar co%’B neddipm difffaction Oféé'ﬁﬂr’toctﬁ"“}aflg gxaﬁ%s Bhte glomsioLy or abl y

associ at es i fiAagk %ﬁéﬁfafﬂqp%wst id & pg%l"gftﬁga%tlﬂ Bahdalithe hAOCHdeR, Dut s

not limted to, anne ance bi ndi ng
sites.on tshe fakgnﬂenddhﬁﬁmmydaﬂam ﬁﬂ;eugeda@bklagemahlem&trngdsnstit@xﬂwcﬁ‘zvxé383854
-27 1 2 OCT 2005 PCT/ USQ2/ 11521'4(‘35‘5 et al., 1997, supra), b?

ant i body- bi hd¢Regting it obthe cpystaly| Qleqnog({eeﬁlmw thes yaedl fryestd léhthuth et

al ., 2000, P@g%m&%&flnd@?ﬁg atﬁ%ko{gg%fﬁ%plegj 5231-5236). The term "chem cal

entity" incl 'S no any mol ecul e, nol ecul ar conpl ex,

conpound: or fragment t igiabentibhréEie ' B6ROEE of £mblédilar Eehples defnaiby
associ ation or 5 binding in :a condition of proximty between a chenical

entity, .or péhorpag of ferstyeturenegrdinatey ¢fcﬁ“rﬁjmp@ eads sqﬁ forh wdfiggl 9 s weBas a
protein. |at| non | ent .- uxt aposition is
ener get i cloﬁ]l fej}o RAOTEGT @@‘W@%@‘éﬂf%’ CYPPIGE Y 5‘? ﬁleb?ﬁg}(@ %57 2W%ost ati c
i nt eract i ons.mean sgiark neﬁaumb@oxﬁ@r{%&mme&tmk BEMER RhingREIASHItAELOOD X Of
this invention can jnclude a 10 binding site defined by structure

coor di nates" @ndam&mmmoa&w&@ﬂédmmnﬂm&mpwons. sting

of residues 154, Serl56 As Tyrl ,, Glu 92, GLln218
Arg219." Giy2§3£ F9qLImCRY 3gy3rs %&fhﬁ'zs‘”lg *22%“ WEr oA 963,

Arg291, .and [tﬁél%%n{eﬁéﬁ&taﬁhfﬁk' éﬁ&btheé&ﬁ&!&%@n%@w'ﬁhéh iﬁsa% o
honDIogue of the nolecule. or | ecul ar conpl ex, where the honol ogue

i ncl udes B . -express the deviation or variation from a trend or object. ‘For purposes of this
- ‘invention, the "root D square dewahon or “r.m.s. positional deviation” defines
- . the variation in the backbone of a protein from the relevant portion of the backbone of
- the polypeptide as defined by the structure coordinates described herein.
A molecule or a molecular complex of this invention may also include
-20 -abinding site defined by structure coordinates of at least seven amino acids of the
- . hAQC2 Fab fragment selected from the group including of light chain residues Asn30,
. ;.flfyr4,8, Trp90, Ser91, Asn93-and Trp95, and heavy chain residues Ser30, Arg31,
;.. Trp47, Ser52, Gly53, HisS6, Tyr58, Phe99, Gly100 and Asp101 (crystal numbering)
according to Fig. 19; or a homologue of the molecule or molecular complex, where
: 25  the homologue includes a binding site that has a root mean square dcviation from the
“backbone atoms of one or more of these aming acids between 0.00 A énd 1.10 A, such
- as between 0.00 A and 1.00°A (e.g., between 0.00°A and 0.50 A). The term "binding
_Site" as used herein, refers to a region of a molecule or molecular complex that, as a
~ - result of its shape and charge, favorably associates with another chemical entity. The
L .3._0. -term “site" includes, but is not limited to, trench, cleft, chafmcl or pocket. For

instance, binding sites on the a1-I domain may include a collagen-binding site



15 binding site that has a root nmean square deviation fromthe, backbone
atons of the al- | domain am no acids between 0.04 A and 0.92 A A nolecule
or nmol ecul ar conplex of this invention also may incl ide0fT Bi05di ng site

def i ned Yy oalos3ssd ure coordi nates of al-1 domain am no acedsnselested from
t he group consisting of residues dul 92, Gln218,. Arg219, Gly220, and Gly221
20 (crystal nunbering), according to Fig. 19; or a honol ogue of the nol ecul e
or nol ecul ar conpl ex, where the honol ogdé-incl udes a binding site that has
a root mean square deviation fromthe backbone atons of the al-1 domain

am no aci ds between 0.00Aand0O. 30A. Those of skill in the art wll
under st and -t KBnslay stedl., 39975 tsuprad,anenti@iydondidg s, aad fanrdopaliofefdASE is a

rel ative set of points that defi nﬁfa shzi\ e in_three di mensiﬁ&s. Thus, it is

possi bl e t hatmingssitei(Huthyet @l s 2000e frocsNe! dhead oS S-S54 528) | The teh
0S5/ Sl | . :
i pol ati ongpiEqendBR BRI, bl SR ABEEANS Snl BB R SBnpler,

structure coebsipb@idesr feaieit hereoftBThgreinat Seodiyte uithdtraferatgraapbdociafiér otit at i ons
of the structure coordinates, 30 fractionalization of the structure

coor di nat €%, bintizgyara waditioned praximyy betwgen 2 eftpsnicy endity or pertiopstherepfiendr e
coordi nates, _i.nversion of ;the structure. c ' . or a onbi ion WO
02/ 083854 28° BGATREG Eoc pitipE gl ¢ rg}egg?fﬁ%%g%@g??n opy §§P§ N

the i ndi vi duathesOme ?iﬂi}io@ﬁioﬂ'!&én&é%@ﬂbﬁ fabdred bghlefigeR BoRiiRs af vansieape.
Al ternatively, nodification in the crystal structure due to nutations, such
as addi ti ons,Wealper ¢leamostatic interackians —desliemayhe coialenti no aci ds, or ot her

changes in 5 any of the | ypepti de conmponent s.(.e. Q. ,..a hA ab fragnent
or agal -1 donai ngl t hat W&Cﬁ% (ﬁﬂéoqﬁ’%%%éﬁ§gﬁ§gg'§%%?ﬁ“%wf%ri at igons
in struct yy e wkingdiRaletined by strider? cYéingles 8081 2 U8mMd Ahiho@gidd sAERERD! €

standard error as conpared 1o the original coordinates, the resulting
t hr ee- di- mensifomatheghaygecansistingef reidecs Aspl it Sehkb6s AisplSE Setas, Twl6Q,he

ent i1y 15 sufthLeiigs. ara R, peRS bl BETEE b ds, SRelidasasd Geocr f bea
herein as to y@0AShIEY, AdpidNC andflBn294 (crystal numbering), according to Fig. 19; or 2
' ... homologue of the molecule or molecular complex, where the homologue includes a
15 binding site that has a root mean square deviation from the backbone atoms of the al-
1 domain amino acids between 0.00 A and 0.92 A
| A molecule or molecular complex of this invention also may include a
binding site defined by structure coordinates of «1-I domain amino acids selected
- from the group consisting of residues Glu192, Gin218, Arg219, Gly220, and Gly221
- 20 (crystal numbering), according to Fig. 19; or a homologue of the molecule or
molecular complex, where the homologue includes a binding sife that has a root mean
_\.-.,squarc- deviation from the backbone atoms of the «1-I domain amino acids between
0.00 A and 030 A. o s
_ . Those of skill in the art will understand that a set of structure
25 . coordinates for.a polypeptide is a relative set of points that define a shape in three
- dimensions. Thus, it is ;;ossible that an.cntirely different set of coordinates that define
a similar or identical shape could be generated using mathematical manipulations of
-+ the structure coordinates in Fig. 19. For example, the structure coordinates could be
- ~manipulated by crystallographic permutations of the structure coordinates,
30 fractionalization of the structure coordinates, intéger additions or subtractions to sets

of the structure coordinates, inversion of the structure coordinates, or any combination



Such anal yses may be carried out using current software applications, such
as QUANTA (Accehys, Inc. and Ml ecular Sinulations, Inc., San D ego, CA

. 01998, 20W and 0 (Jones et ak, 1991, Acia Crust. A47:110-119), and
acconpamngig@sisss User GQui des_ The Mol ecul ar Sinilaritigggmﬁigmﬁion of QUANTA
and the LSQ application of O permt conparisons betwe I'Tferent
structures, different conformations of the sanme structure, and different
parts of the same structure. The generaR8procedure used in both
applications is to input the structures to be conpared, define the

equi val.ent atom c positions in these structures, performa fitting
operation, . - Afkréy¥d MdBbVEE RliERSaHaEMstiA the MBIViAAS Boctlinties Wil hink licteut 1 nto
the application; it is given a name. and identified as the fixed structure
or a noving sfiectonuovesll shaem equi val ency is usually defined by equival ent

atons such as protein backbane atom N, Ca, C and O fqr all conserved
resi dues bet vvegn the t tcgtapﬁﬁlﬁ(umgg&‘ﬁét?q{’gm&%ﬁﬁ'ﬁtégﬁm}?ﬂge 8@%%@“‘2‘3‘.’% ructure
s translat edyangd Jfhe dubBinARiRl Mo dRRIbAVER Bhinh SABL. G Earlgkd jnti th the

fixed structure. The root nean -square erence o0 e fit over the

speci fi ed Jaiang obthegolyipeptiderdongionents c.g. cPORAQER Fup feapntenp bogahirdomain)
angstrons. Forthe purpose of this invention, any nol ecul ar conplex_that has
a root nean thajmake ugdhs aytelran rlse gpcamt i vagationsdn piuatweceodigiis- IN, ca, C

0) 30 b . . , . ‘ : . g.,
bt ween 0. 00 Ak tipfoRlfe Ridlh b atfhiE SREIEAG: & A fT6) dle Gyt o O
atons descri kegrdinatddIhe 2¢s08i33Mree A8 dnstor@dhape @dcdrSiibddde bd Hedimetas tat ur e

coordinates listed in Fig. 19 are considered identical. |X Determning
Ot her Cryst aloftheunmadified crysalst r uct ure coordinates set forth in Fig. 19 can,

al so be ugsed to aid in,obtaining structural infarmation Q ther
crystallized mol ecul ar I%ﬁ?‘ﬁ’%f‘gr"s%fﬁssa‘éfc‘g S%S‘P%Wq}?ﬁ%&“éﬁgdﬁ‘#ﬁg&é‘wno aci d
substi t uti onsirailaraB Qi @k phrtsSofdEStruchiit Jedtrbed BereRCAit6 V€ Horkidc?éty theBithe KN OWN

t echni ques, including nol ecul ar replacenent, an especially useful nethod

f or det er m niSwgh@hadyses maythercagiediontrusing cwrrent dofiwans|applicasions, suchlasl
dormi 1/ Fab. - 166 S ALy 08 S RGeS Sids b, o S phog S 21 S0 be used
- ©1998,2000) and O (Jones ct al., 1991, 4cta Cryst. A47:1 10-1 19), and accompanying
15 = User Guides. The Molecular Similarity application of QUANTA and the LSQ
application of O permit compansons between different structures, different

conformations of the same structure, and different parts of the same structure. The
- general prbcedur,e used in both applications is to input the structures to be compared,
define the equivalent atomic positions in these structures, perform a fitting operation,
20  and analyze the results.
. . When each structure is input into the application, it is given a name.
- and identified asthe fixed structure or:a moving structures. Atom equivalency is
usua"lly defined by equivalent atoms such as protein backbone-atoms (N, Ce, C_ and O) .
for all conserved residues between the two structures being compared. The moving
25  structure is translated and rotated to obtain an optimum or least-squares fit with the
fixed striicture. The root mean square difference of the fit over the specified pairs of
bqu’iVaient atom is reported by both programs in angstroms.
R - For the purpose of this invention, any molecular complex that has a
. root mean squarc deviation of conserved residue backbone atotus (N, Ce, C, 0)
30 between 0:00 A and 1.50 A, such as between 0.00 A and 1.00 A (e.g., between 0.00 A
| and-0.50 A), when superimposed on the relevant backbone atoms described by



10 determ ning at |east a portion of the three-di nensional structure of

nol ecul ar entities that contain at |east sone structural features simlar
to at |east a portion of the a I-1 domain or the hAQCRZFBET XM§refore,
anot her \%m%{,gg?pt of this invention provides a nethod ‘}ET}‘HSMJH%EPQ

nmol ecul ar "répl'acenent to obtain structural information about a crystallize
nol ecul e or nol ecul ar conpl ex with unknown stricture inchla~ding the 15
steps of, (a) generating an X-ray diffracii.on pattern fromthe crystallized
nol ecul e or nol ecul ar conpl ex; and (b) applying at | east a portion of the
structure coordinates set forth in Fig. 19 to the X-ray diffraction pattern
to gener@te'%ﬂ?&ﬁt%%b?#ﬁ@%l%&iinﬁ %taEé’-Eorgﬁé?ééiﬁeﬂPcQ.Of the mol ecul e or
nol ecul'ar conplex w unknown strticture. By using rm‘ ecul ar repl acenent,

all or part @X. DhRermhinitcd OtlerQOBsEH] SetReure20 set forth in. Fig. 19 can be
used to determ ne the unknown structure of a crystallized nolecular

entity nore rapidly andhefstietuerroeydinaessehfordripifing Stcanalso be nsaddo siddn

i nf ti L n=t=0. ,\Nb | ar. | t i d t ti ti
of the . phasebtutipe ERicylEimBlieh 8ol a0 Beri At ma Ry R B kiRl Mo
used t0 SO VanothEYSAQL2 cﬁhﬁﬁﬁﬁ%"hﬁﬁmtabﬂtsuﬁﬁﬂﬂ@énSQE oHELERTTDRY, Thisedy b

Obt ai ni ng accurate values for the .25 phases, by. nethods other than

nol ecul ar. r ephisvehnrny welhkodwe techriques; inehwdngraleculgr replaogme, anhat i nvol ves

iterative cycles.of approxinmations and refinengnts an reatg| hi nder.s the
so uti on_of " Engreialy SPRL BB feBiunt e AeRRe o e S8 baigpse5F
protein cont g0 MnRl/Fheast a honol ogous portion has been solved, the phases
fromthe known structure can often provide a satisfactory estinate of the
phases for the 30 unkndie stucmed cooedinatbsiset forth iadlig a9 ¢aaplsade et for nvol ves
generat i ngqja prelimnary nodel 1 2 OCT 2005 W) 02/ 083854 PCT/US02/ 11521 -30
of a nol et delsrmipmgetiFast 2 pgrianest thehrse-dimepsipnal strugurepi molecalag PRIGES Kk nown,
by orientin 6l oni ale [ = accor di ng
(o Fig 19 apRRonBi A, AR EHERL BRI OB Bl b BB 2 T
mol ecul ar conphiin esthe hAQEEFib.  Theaefory Biothaenibodirndif of Uhdinvention prdvidesact i on

pattern of the crystal of the 5 nolecule or nolecular conpl ex whose
structure i s AMKHBGAL wilisng molecylar replacement te oblain &?‘E@"F‘r'ﬂﬁﬁ'm@ 9ue? and

conbi ned wt . - LI f ' It t 0
Generate an arLSfiEAARIERe o hblecla bhble Haf hnSl sulebeiiBg wle°,
unknown. THi steps®fi(d) fenefAingag doub) diffiReoh patbeiy fivRd thelRRYIMiAED ddlechld drdi ng

and

molecular complex; and {b) applying at least a portion of the structure coordinates set
forth in Fig. 19 to the X-ray diffraction pattem to generate a three-dimensional
electron density map of the molecule or molecular complex with unkmown structure.
By using molecular replacement, all or part of the structure coordinates
20 set forth in. Fig. 19 .can be used to determine the unknown structure of a crystallized
molecular entity more rapidly and efficiently than attempting to determine such
_ inforr_naﬁon“ab initio. Molecular replacement provides an accurate estimation of the
phases for an unknown structure. Phases are a factor in equations used-to so-lvc
.crystal structures that cannot be determined directly. Obtaining accurate value.;s for the
.25_ . phases,:by_ methods other than molecular replacement, can often be a time-consuming
process that involvés iterative cycles of approximations and refinements and greatly
hinders the solution of crystal structures. However, when the crystal structure of a
protein containing at least 2 homologous poition has been solved, the phases from the
‘ known structure can often provide a satisfactory estimate of the phases for the
.30 unknown structure.

Thus, molecular replacement involves generating a preliminary model



structure refinenment techniques to provide a final, accurate structure of

t he unknown 10 crystallized nol ecul e or nol ecul ar corrpl ex (Lattnan, 1985,
Meth. Enzynnol. 115::55-77; Rossmann, ed., "The Mol ecuf arQCE@0BEenent

Met hod Rev. Ser. No.. 13, Gordon & Br each, 1972).
The stra’gbﬁi"g&‘g 4 any porti on of any crystallite nolecul gElg)rffsxﬂ lg%lul

conplex that is sufficiently honol ogous to any portion of the al | domai n
aand%or the hAQC2 Fab fragnent (accordi nggo Fig. 19) can 15 be solved by
this method. X. Conputer and Storage Medium To use the structure coordi nates
of this invention, e.g., those set forth in Fig. 19, it is usually

X :
ropr osont at i S g1kl A GBI SRR WIOR b IR IRE A B nanm b - o1 ams
26 i ncl udi ng,oriehtin ﬂtd;iolsmohﬁ@ th@relaraﬁdmﬁ& SfmabompUeQQ&cor&\mtgao Fig yst .

AAT: 110 119) and [INSIGHT-11 ((DAccelrys, Inc. and Mol ecul ar Sinmnul ations,
Inc.; San Di e¥jéhin thgyunifrcslt of étm'mt@l oftheyukapwnimeiequls eramalieaeassomplex, so

t at f I I t th f,
e ot e B e R K iSO R o e BORM R
i nvention, s t Rgoleddl46E MORcEIROESMPISE RBof struéfuird R AnRRGWE UPise £ thérise of this
invention are stored in a storage nedi umreadable by nachine (e.g., a

conput er) . Usnabgimdc‘@m thie modelcandaoprbinedi witteths obsemvedsX -ty diffraiton pamty be

d f ' h d d X-r
Crystal | ogr agRidea e BEeERE R e WRSErHP of Jeeaeio R Boreaprgiiptes e
machi ne- r eadapfRo@al thidlBRGCe Egﬁgyéﬂg] Qﬁ}g@ﬁkﬁowﬁ%&ﬁjgmﬁﬁﬂﬁﬂe mat eri al
a

encoded wi th machi ne-readabl é ta-incl ud| ng at least a portion of the
structure comtucimat Eﬁnaetntftmhniquemtdfprgwd&@ fimah econoatp stnenturewy tfewmkhewn i ncl ude

1 2 OCT 2005 WD Q2/ 083854 PCT/ US02/ 1152 tructi d
t hr ee- di sﬁ'éﬁ%?lg %@HF&EF’S% EF é?‘rgq‘ RS r h&néxégzygr . ;iel domai n
and the hAQCZ {ragy ‘H%@Eﬂrnr{)ﬁd p“‘ﬂﬁfﬁ% bal R le?e Pﬁfeﬁfﬁ@daﬂg%gfj%? Sé?f this

i nventi on. The conputer o K |nven I on SO 1 nc I'Spl ay,

gr aphi cal. i:ntiN6fi3; Gotdoh & BegichyNew Yk, 1972). nm&smieut@efﬁ@rpdamu Gﬂsmynd

mani pul ating the .5 three-di nensional graphl cal represent ation of the

structure cocﬁfm%mmgorﬂm’%@mﬂ%éh’éﬂ thy horneloeans te apy
determ ning gi, ﬁ?gﬁhg Haﬂp%rgljmttﬁghﬁwcﬁaﬂrﬁgﬁ%{&mtgﬁé $§P&Rdi ng

to X-ray diffrac
15 . besolved by this method.

.X. Computer and Storage Medium

To use the structure coordinates of this invention, e.g., those set forth
in Fig. 19, it is usually necessary to convert the coordinates into a three-dimensicnal
_ repﬁesentation or shape. Commercially available graphical software programs
.20 including, but not limited to, O (Jones et al., 1991, Acta Cryst. A47:110-119) and
. INSIGHTII (© Accelrys, Inc. and Molecular Simulations, Inc., San Diego, CA) are
_.capable of generating three-dimensional .reprcseﬁtations of molecules or molecular
compiexes, or portions thereof, from a set of structure coordinates. _
-In accordance with. the present invention, the structure coordinates of-
25 . themolecular entities of this invention are stored in a storage medium readable 'by
. ..machine (e.g., a computer). Using a computer and appropriate software, such data
- may be used for a variety of purposes, such as drug discovery and X-ray
.-gnystallo graphic analysis of other protein crystals. |
. ‘Accordingly, a machine-readable data storage medium may include a
30 data storage material encoded with machine-readable data including at least a portion
of the structure coordinates set forth in Fig. 19. The computer may further include



froma nolecular conplex of al j3 1 . integrin and the Fab fragnment of
hAQC2 anti body, where the conputer includes a. nachi ne-reada&é% dat a
storage nediumincluding a 10. data-storage materi al ehdo&&d G5

machi ne, data, where the data includes at | east [ of the
structurwe- ?g@? I nates of the nol ecul ar conpl ex of al-I o?rraf?%&hén t he hAQC2
Fab fragnment according. to Fig. 19, or X-ray diffraction data obtained

from the crystalline nol ecul ar conpl ex.3iThe conmputer further includes
instructions for performng a Fourier transform of the machi ne readabl e
coordi nate data, and 15 instructions for processing this machi ne readabl e

coordi nate data, ions i
el ude: & Vo EoR: 8 ADAHE e 5o R HIEb RS alidhE P RS bl S

machi ne- r eadsftyl1€] dtihdin and ¢RMAGE> RbORRSSEH! By ProcessiOMp hedhine-réddeblewatai Ny
menory and to the machi ne-readabl e data; and optionally a graphical
i nterface orofdhispnepptienypheepmpytar iof thizinveationmay alse insjidgni dispiays a 20

di spl aying. the.three-di nensiaonal graphical. representatiaon of the structure
Coordi hat oo Bt ST et AR MR aa e b oo i A hE e
provi des & c@raRLtiflendiOnal RrapHi¢l rogresbntdtioB T ti sHRBRIOERKdihRE esentation of "a
mol ecul e or a nol ecul ar conplex defined by at Ieast a portion or all of the
structure coordi nat es Tiis &ventidnerlsiprbyidosracomputdr fomdetamitingraleagt® f r agnent
am no: acids set forth in Fig. .19, or a honol ogye of..the.nolecule o

mol ecul ar 'coPﬁﬂ"‘é&PPWﬁéFECtPWégﬂ@#GFGSQBEeWQgHg‘gr‘%gfraﬁélét%‘a%ﬂ]’a _ ‘gﬁ?f‘f’ﬁ‘ﬁi on from
the backbong,gty af ;ﬂéﬂ Y% 18§k | i Qe Lo such
as bet ween (ﬁ; qug.glgﬂg, 1%6:%0 A&?‘elﬁg“%%ﬁ \}\mggn\é%gggq%gg?@f% A) . Eﬁ’r”t her in
t hi s i nvent i whertltite contpapertineiudes almedbine-raadnbiddanestomgemetmndatindsigar age

medi um i ncluding a data storage, 30 material encoded w th nmachi ne-readabl e
data, whdPe {Hesigss male) gudsd with gagchipe-readablg dlaga, ihers the fgta gicludgs at

structure cog@Ldi ; z ' ‘ Fah, 1V 1083854
232 2 OCT 20%@‘9 3@?@%}%‘?%%@{%@3&%‘58%ﬂ%@%&n@ﬁgg | g""s‘@?“ﬁﬁ"t “.Qn Fi g.
19. A conput sid the hiAQGC2 Falvagmennadtasting ROFiR! T ue X-ay difiiactdl dsencbiained
representation of a nolecule or nol ecular conplex _including a binding site.

The bi ndi ngfremthe gpptaline saqleonlay complex; Joespopeiss fthepinelndgs mgmqtionst seven
A 10 105 g o 1A el TR S EtAL i hl ") U NG

i ght chain resi
15 . instructions for processing this machine readable diffraction data into structure

coordinates. This computer may further include: a working memory for storing
instructions for processing the machime-readable data; a central-processing unit
‘coupled to the working memory and to the machine-readable data; and
optionally a graphical interface or display coupled to the central-processing unit for
20 displaying the three-dimensional graphical representation of the structure coordinates
- of the molecule or molecular complex. '
This irivention further .prm’zidés a computer forproducing a three-
- dimensional representation of: a molecule or a molecular complex defined by at least
: a portion or all of the structure coordinates of all the a1-I domain and the hAQC2 Fab
25 - fragment amino acids set forth in Fig. 19, or a homologue of the molecule or
molecular complex, where the homologue has a root mean square deviation from the
_‘ backbonc'atoms-df the amino acids of between 0.00 A than 1.50-A, such as between
-°0.00.A and.1.00 A, (e.g., between 0.00 A and 0.50-A). Further in this invention the
"compu.te}r includes: a machine-readable data storage medium including a data storage
30 matenal encoded with machine-readable data, where the data includes at least a |
- - portion or all of the structure coordinates of all of the «1-1 domain and the Fab



Asn30, Tyr48,.Trp90, Ser9l, Asn93 and Trp95, and heavy chai n resi dues Ser30
Arg3l, Trp47, Serb52, Gly53, Hi s56, Tyr58, Phe99, Glyl 00 and Aspl0l1l (crystal
nunbering) according to Fig. 19; or a honol ogue of th¢ TOEcHWB or nol ecul ar

conpl ex, e honol ogue includes a binding site thatechafked{s2Pt nMean
square o e{‘/llg%%‘lpon fromthe backbone atons of the at | east one am no acid

of the hAQC2 Fab fragnent of,between 0:00 A and, 1.10 A, such as between
0:00 Aand 1.00 A (e.g., between 4.00..3#a.and 0.50 A). Further, the
conputer of this invention incluudes: a machine-.readabl e data storage
ncdi M i ncluding a data storage material encoded with machine-readabl e

data, where.t : L pGl : : ordi nates of at |east 15 seven
am no aci ds ﬁ?%hﬁw aéggéfélggﬁ%tgérﬂg@% 'tlg fromthe group consisting of
l'i ght chain residues AsXdémpiter 48hisinydfion HrayMso phodiitd aaheteBirpéisionand heavy

chain residues Ser30, Argil, Trp47, Ser52, Gly53, Hi s56, Tyr58, Phe99,
Gyl 00 and Asprentatiopysaamolagiie ar malgyulacoamiehincluging apindiog sitni Bhg nvent i on

al so provi des.a,.co I uci a . ees di ' . T Nt ati on
o 2Pl et L Sco O SRR blLES TR Bk SR8 5
structure §oQrehAGRFdo fpRdn? sElBitODfoGiIaS &fcheling lighchiig restduey

consi sting of. resiQ%es Asp. 154,S Séfr 156, As%?gg Serl 8gm‘lgy_r 1%%@ 615192,

G I n2l 8, Ar g2sn30, Targ8IDrpOQ) §erdl, AsnpdandTrp@p napicheaty clrain resiypoSer3OH s261,

Asn263, .. Arg291 d 294 (c a e ording,to, Fig. 19; or a
25 honol ogue %@%E@pﬂiﬁe{% éléf%%’rséécﬂu@’ fc)%ﬁ‘?r%l)’ @%W&s%@l :@?Ef‘ﬁgﬁlogue

i ncludes a ‘bddﬁﬂieﬁﬁﬁﬁiécﬁr&iﬁ@b F‘i@?l%o_fﬂ@ﬁémﬂﬁgﬂe SAMALT1EQYE St hoBcdisom the
backbone atons of the I dommin am no acids between 0.00 A and 0.92 A

Further in-t momplex?/mdhetﬂhﬁhghmlo-guodnmln@s a-bhxding_hitlc:thﬁthaglezbm@eﬁeaqimbée dat a
i}?%?ﬁé. 3t edhistgn dig %ﬁiﬁ@%‘%&g’gg‘%ﬁﬁ%ﬁ%&é"?%”ﬁ’%%ﬁ@t‘lf%%@%o‘% nat es
154, Ser 1R ELEREE OEDR gid DTD RO RMBYBNRED WA RSSO ELS. Gy
221, 1-2 OCT &@9eenitdOA/ G838 5 APCFnitld Ahd dGapnteSar thisgaventiomkmeRidas: ahr 224,

Asp257, Hi s261, Asn2'63, Arg291, and Leu294 (crystal . nunbering), accarding
to Fig. 19. THdincradshiedata sigragsm n%"émeeemewmﬂm@%mm

thr ee- di oS! dbod RABAAEBAA btke te Sl BLREH e Sl tBbldHia WUl Rk
15 seven amine acids of the hAQC2 Fab fragment selected from the group consisting of
Jight chain residues Asn30, Tyr48, Trp90, Ser91, Asn93 and Trp95, and heavy chain
. residues Ser30, Arg31, Trp47, Ser52, Gly53, His56, Tyr58, Phe99, Gly100 and
Asp101 (crystal numbering) according to Fig. 19.
This invention also provides a computer for producing a
.20 . three-dimensional representation of: a molecule or molecuiar complex including a
binding site defined by structure coordinates 1 domain amino acids selected from the
- group consisting of residues Aspl54, Ser1 56, Asnl157, Serl58, Tyrl60, Glul92,
- Gln218, Arg219, Gly220, Gly221, Arg222, GIn223, Thr224, Asp257, His261,
Do ;-Asn263 »Arg291, and Leu294 (crystal numbering), according to Fig: 19;ora
25 homologue of the molecule or molecular complex, where the homologue includes a
.. binding site that has a root mean square deviation from the backbone atonis of the I
" domain amino acids between 0.00 A and 0.92 A. Further in this invention, the
, .;_;,omputcr includes: a machine-readable data storage medium including a data storage
material encoded with machine-readable data, where the data includes the structure
30 _ coordinates of I domain amino acids selected from the group consisting of residues
- Aspl54, Serl56, Asnl57, Serl58, Tyrl60, Glu192, Gin218, Arg219, G1y220, Gly221,



5 binding site defined by structure coordinates of | domain am no acids
selected from the group consisting of residues Glulqz%;: (87 1 , Arg219,
d y220, and Gly221 (crystal nunbering), according to Fig., 19; or a:
honol ogue _of the nol ecule or nolecular conplex, where t l.ogue
I ncl udeswﬁoyf’?i’(ﬁ%g site that has a root nean square devFﬁT’pg‘ﬁﬁfl? m t he
backbone atons of | domain am no acids between 0.001 10 and 0.30 A Further
in this invention the conputer includes:; ;a_machi ne-readabl e data storage
medi um i ncl udi ng-a data storage material "éncoded wi th nmachi ne-readabl e

data, where the data includes the structure coordinates | domain am no acids
selected fromihe qroup. consisti L resid ! 92, .Glo218, Arg219,
Gly220, and ctyssh Ol Ti2P, Armsats ol camuBs: Mgt ity oy sy s,
denonstrat es QifeS hc%gmgw 199ystem 10 includes a conputer 11 _

i ncluding a ggﬁ?’?a@ba}oces ngl%'nit' ("CPU") 20, a working nenory 22 which
maybe, e.g., RAM (randdhisdiacentionaopryvidesa dongpueds foreprodycingdss st or age
menory 24 (such as one or nore djsk or tape drives or CD-ROM or . DVD- ROM
drives), one tBeerigpensionehispressnigtion af @ mpolequte pr mplepitlas campley ehudingg one or
nmore :20 .o k . ne.. gtnput cld pes. 30. . and. : £ out put
lines 40, 5a’l :ﬁ%tpﬂ%l?%%e%g?%%n erc%ﬁ@g@g#’%& fa&g%hrgen nlﬁgbgﬁ@%e%[ecrl g?%fonal
syst em bus 5SGhe bivRptomistilpar fesifaes GOl el 8 CAERLY, &Fly130, ayd Gyl | i nes 30,
maybe inplenmented :in a variety of ways. Machine-readable data of this

i nvention nay(crystal mgnbaree), eceerding to/Eig. 39; of ahnaalegie ofthromelegsie @bnnect ed by a

t el ephone line or . -25 dedjcat. ata lLine 34 Lernative or
addi 'Ito i onal | 'y,m?lﬁ%ul?rncrgmp?%a}wﬁ%&gc %n%%ue ﬁlﬁg]?]ﬁsd@ ‘&ﬁi“&é\% gt}ak %%—ﬁ&&)i’“&?‘? ves or
tape or di sk duaré@eviddon fréin thPBicPSiid ABmYbF NdéthHR bidind KAidY iedkeetf.0k Ay boar d

28 may al so be used _as an input device. Qutput hardware 46, coupledto
cormput er 101 ami 03f AuFurthends thivinvention the pomputesinpudésos machmesreagdable data

tional devices.. By way. of exanple, output 30 hardware 46 may includ
GRT i splay. opApr mRayg g e gRle S maletal fnensed i FRERE 2etBlcor o

bi ndi ng site Hha tWhiefe the ¥5H dcRMel HenSrudrpd SR CdorAan SN & idSselred
021083854 -34 1 2 OCT 2005 PCT/ US02/ 11521 descri bed herein. Qutput hardware

m ght al so i nirbradhe gropp conssting 81 residuchGiulN2; Gin2 bh\Arg218, (Y220 nd Gly23duced,
or a d_‘I‘S:k_IdI‘I:(Ve 2§nm1;lg st?’re s&sntgetglF?gt{tlgyt for later use.

15 - Fig. 21 demonstrates one such embodiment. System 10 includes a

computer 11 mcluding a central-processing unit ("CPU") 20, 2 working memory 22
which may be, €.g., RAM (random-aecess memory) or "core" memory, mass storage
memory 24 (such as one or more disk or tape drives or CD-ROM or DVD-ROM
* .-drives), one or more cathode-ray tube ("CRT") display terminals 26, one or more
20~ ‘keyboards 28, one or more input lines 30, and one or more output lines 40, all of -
- which are interconnected by a conventional bidirectional system bus 50,
* Input hardware 36, coupled to computer 11 by input lines 30, may be
implemented in a variety of ways. Machine-readable data of this invention may be
" inputted via the use 6f a modem or modems 32 connected by a telephone line or
25  dedicated data line 34. Alternatively or additionally, thé input hardware 36 may '
include CD-ROM or DVD-ROM drives of tape of disk drives 24. In conjunction with
- - display terminal 26, keyboard 28 may also be iised as an input device.
' Output hardware 46, coupled-to computer 11 by output lines 40, may
_ similarly be implemented by conventional devices.'By way of example, output
30 hardware 46 uiay include CRT display terminal 26 for displaying a graphical
* representation of a binding site of this invention using a program such as QUANTA as



I n operation, CPU 20 coordinates the use of the various input and output
devi ces 36, 46, coordinates data accesses from mass storage 24 and accesses
to 5. and fromworking nenory, 22,. and. determ nes the _sequence of data
processing steps. A number of programs maybe used to prbZeBETt2ig5

machi ne-w@adakliges data. of this invention. Stich programpcansogiseussed in
reference to the conputational nethods of drug discovery as descri bed
herein. Specif ic references to conponents of the hardware system 10 are

i ncl uded as. appropriate-throughout the f¥#1ow ng description 10 of the
data storage nedium Fig. 22 shows a cross-section of a nagnetic data
storage nedium 100 which can be encoded w th. machi ne-readabl e data that
can be car r.i abtsailted hgrain.sQatpanhardwete mghisalst mrlutle agiinker ¢2, @1that gl copy 100 can

be a conventional flqppy diskette qr., hard disk, having a _suitable substrate

101, which mePmE W(r)hﬁel?ff’g'éﬁ?ﬁi or 2flgk @@3«’1% éPo‘ft%rﬁfHStE@aﬁlﬁ%?’rﬁ farggter ¥3ki ch, nay be

conventional, on one or Sl : k.12 ' ' not
Pau%hhd‘?ﬁga mﬁ%@&%ﬁﬂ%éﬁghgﬁ%”&ﬂ van%ﬂgﬁxpggzﬂ(iy_ Vedi um

vi si bl e) whose polarity or orie on. can ered nagn

100 nay al so diame davicepBselidsgcdoidinateh@mnccesses feaemuistgoragee2 spidndtasasfioa di sk
drive or other data storage device 24. The magneti c domai ns. of coating 102
of nedi-um 100ndrfrom giozking depnenry 22 gand sletepmingg tigseguence of Axta arecesSingataRe, |

whi ch may be gonvent | I Ijne. read ; Suc . scri bed
herein for _ex‘éélﬂfni%gél&%é}%%}‘?ﬁ @ﬁﬁcsﬁgﬁ%a@%é%gtﬁgén@ iﬁ"%’?ﬂﬁ?ﬂg"__’e %%giﬂgs 23 shows
across- sect i ové&tioan Sweh ipEcbiranis: ire Atkalsed Hadeteraiceta @f cofhltatiohal hikthdisoll al so
can-be encoded with such rmachi ne-readable data,. or a set of instructions,

whi ch can be dugdissdvarpitas dgscabed/bereim Spedifiarcferepensdarcamponshispfghe 21. 25

Medi um . 110 n.be a conventional, conpact di sk or .DVD,di r.ead- only nmenory
(G RO Pr DV SYFeR LR R el SR oRotE (e Ot B8 s edthn a1 o
whi ch i's qptig&@ht Yath SRAREY Bediiith, TONEt 0-optical ly writable. Medium 100 has a
sui tabl-e substrate .111,” which may. be conventional, and a, suitable coating
112, which. may.. be con¥en? ehaws a eressadektiondf omegsitdalatfstaagshediom 1001. 30

| ot o d i t RhiShsE DS epegiel il ipaching s erisblr b IBo FD RASHISHON] BEASRMAR Ga o
The WO 02/ 083§¢n 2¥ 3ysterd 16T L. Rickinkiv180 Ldrbea conventional floppy diskettc or
hard disk, having a suitable substrate 101, which may be corrventional, and a suitable
15  coating 102, which may be conventional, on one or both sides, containing magnetic
domains (not visible) whose polanty or orientation can be altered magnetically.
Medium 100 may also have an opening (not shown) for receiving the spindle of a disk
. drive or other data storage device 24.
_, Thrc magnetic domains of coating 102 of medium 100.are polarized or
20 oriented so s to encode in manner which may be conventional, machine readable data
such as _that described herein, for cxecution by a system such as system 10 of Fig. 21.
: o _fig. ﬁ3_s§qws a cross-section of an optically-readable data storage
~medium 110 }&ljlich-;a]sg can be encoded with such machine-readable data, or a set of
~ instructions, which can be carried out by a system such as system 10 of Fig. 21‘.
25 Medium 110 can be a conventional compact disk or DVD disk read only memory
- (CD-ROM or DVD-ROM) or a rewritable mcdium, such as a magneto-optical disk
which is optically rgadablc aﬁdmag'netq—t)ptically writable. Medium 100 has a
~ suitable substrate 111, wﬁ_ich may be conventional, and a suitable coating 112, which
_.fx_naybe conventional, usually of one side of substrate 11 l-.
3O P In the case of CD-ROM, as is well known, coating 112 is r.cﬂcctive and
~ is impressed with a plurality of pits 113 to encode the machine-readable-data. The



arrangenment of pits is read by reflecting laser light off the surface of
coating 112. A protective coating 114, which is substantially transparent,
is provided on top of coating 112. In the case.of a nagneto-optical disk,
as is well known, coating 112 has no pits 1 I3,. but has QCTpRO0%I ity of
magneti c dorrg) %\? whose polarity. or orientation can be ?ﬁﬂ%gl@gnetlcal ly
when hea&P2B80E a certain tenperature, as by a |aser not shown). The
orientation of the domains can be read by nmeasuring the polarization of

| aser light reflected fromcoating 112. TRhe-arrangenent of the donains
encodes the data as described above. 10 XI. Rational Drug Design The present
invention permts the use of structure-based and rational drug design :
techni ques to ' <0G tihties,
such as i nhi b?‘?%ﬁseg%? t'ﬁéggé Tea@wa&}% J?E giﬁéq%gg{ ?fgpﬂ?o%gﬁﬁﬁgﬁfwaaﬁﬁ}% ﬁﬂt%rs of
this domain. pidietioecodingilld) whithys dbsaapatyl teangfardait as piravddéden top of

col | agen- bi ndi ng% site of VL.A-1. This 15 invention also permts the use of
struct ur e- bas&eR@Ed I2at i onal drug design techniques to design variants that

may act as inhibitors of gel %%g]?&caﬁ@rﬁ%{on%) %ﬂgsﬁ L &8l ﬁﬁléﬂ%ggﬁnguz

representation of this i'nven experlnen

conput at.i orsal his A®pieEI3gButiiAk @ B r1Tt%rlcﬁfli’duiginétwc!rb,matﬂzisheliios@ip@ Pt br oidtititiones,
variants of the Fab fragment or i nations of chem cal entities that nmay

20 bind to angawb¢ ehange amqmi@rwhmh@mﬂtabgmamm@mpmemwabmm or

the chimeric al-l. domain of. th th t
can use one. ofi&ShEFER Therish@hps SLEdbmetean bofke BN B bmg Be' i -
ability to asyemkizhton¥ilidiet HEn ORGSR chbittegNARCThE AR an g BNheOr t he

chimeric al-i "domain of the Current invention and nore particularly 25 with
a blndlng si t goukinsientrsies thealata asatwaéribedrabotee Fab fragnent. This process may
begin f S| Lof, for exanple, the binding site for either

the | dona t on the conput er screen, based on the

coor di nates of the corrp*mx. phdefiifivertSn eéﬁkﬁﬁ&e%memtﬁ?é.b&eahﬁd%omy then

be positioned-in a variety of orientations , W thin an 1 ndividual

bi ndi ng site cirugddsigrtetinggues todesign, seledtndisginhésizapristlate chaBicBberititiesy nmaybe
acconpl i shed usin twar e su s QUANTA, _fol |l owed hy.ener ) nj m zation
and nol ecul ar g’h‘f’gé ﬂ%%%ﬂbg?ﬁ‘wgé%%mqu?@%%{yﬂm@
02/ 083854 - 36 These inhibitors may be capabie of blocking the collagen-binding site of VLA-1. This

15 invention also permits the use of structure-based and rational drug design techniques

1o design variants that may act as inhibitors of collagen binding.
| . The three-dimensional representation of this invcnﬁon can be used
.'cxperimentally or computat_ionally to design potential mhibitors, other chemical
entities, variants of the Fab fragment or combinations of chemibal entitiés that may
20 bind to and cffect the blologlcal f\lﬂCthIlS of the hAQC2 Fab fragment or the chimeric
al-l domam of the current lHVCDthI] _
| ~ One skﬂled in the art ¢an use one of sevcra.l methods to screen
chemical entities for their ability to associate with the complex of the hAQCZ Fab
ﬁagrnent or the chimeric a1-1 domain of the current invention and more parhcu]arly
25 with a binding sxtc of either the I dmnam or the Pab fmgment This process may begin
" by visual mspectlon of, for. cxample the bmdmg site for cxthcr the I domain or the Fab
fragment on'the computer screen, based on the coordinates of the pomplex m Fig. 19.
Selected chemical entities may" then be -positioncdrin ﬁ vanety bf oricntations, or _
docked, within an mdmdual binding site of cither the I domain or the Fab fragment.
30 Docking may be accomphshed using software such as QUANTA, followed by energy
| minimization and molecular dynamics with standard molecular mechanics forcefields,



1 2 OCT 2005 PCT/ US02/ 11521 such as CHARWM (Mol ecul ar Si mul ations, Inc.,
Burlington, 'MA (c)1994) and AMBER (P.A Kollman, University of California
at San Francisco, 01994). Specialized conputer prograns mhy? 8Cs07 wsm st in

the proc el ecting chem cal entities. These includ lia: 1.
G?lD(Gog‘gf%zréf‘ssé.J., 1985, J Med. Chem 28: 849- 857). %T@Qéﬁ{ésﬁable

from Oxford University, Oxford, UK 2. MCSS (Mi ranker,-A. AndM Kar pl us,
1991, Proteins: Structure, Function and {gnet ics 11:29-34). MCSS is

avai l abl e from Mol ecul ar. Simulations, Burlington, MA. 10 3. AUTODOCK
(Goodsell, D.S. and A J. Osen, ;1990, Proteins: Structure; Function, and

Cenetics 8: 195-202 i Lal . le,fro ri.pp. I nstitute,
La Jol l'a, CAS'] Wﬁﬂ%%&m f@%zﬂh‘? gk‘?@‘r %eﬁ%giiﬁ 269- 288) .

DOCK is avai ARfHER {F ATKYNME Ghil s oﬁ‘@éufaﬁﬁﬁlhmn%ﬂ@n@@m CA. 15 Once
sui tabl e chenical entities have been selected, they can bé assenbled into a’

si ngl e conmpound. Asseanpecm;zecknmqmiprgmnsumly mlsmasttmdheprfocd:sh@f
rel ati onship o{ t.he entities to _each, ofher, on ihe t hr ee- di nensi onal i nmage

di spl ayed on 5&"&8%&‘?"@?“’%‘&“@3% eseingiuignep afife structure coor di nat es of
the conplex of Cg ROPBNOBSY WG ERLITIE Sagtbs 5 ByaildBleS | S

fol | owed by manual no w]i?% S software such as anta or Sybyl.
The above-describ % eva’ffoﬁ %’Herﬁ g’%glédng(chem cal entities may be

performed in a sim/lar fashion for conpounds or for varjiants that may bind
4 M. iz

the al -1 dordin. MESSU(Misakgr Angn 1981 931 » Breeips:; pryaigreaf ¥ngtion
connecting the 25 andiGenatigal 1:2$34). JHICSSris available froth Melecular SimulatipngBart | et t |
P.A et at, CAVEAEu:h&gR:mMﬁam to FaC| litate the Structure-Derived Design
of Bi ol ogi cal | y Active Ml ecules In-"Mlecular Recognition in Chem cal and,

B 01 0gi cahoPr ?F;g?ﬁm@ﬁgéﬁ (@oofiith; D538 4 RN, 1606 Froreh: ’Stﬁ%tuﬂ'gz 199).
Dat abase systens sﬁusﬁg mstég%@fﬁbﬁfoﬁﬂg@m1?{1&'11%&?& Setigps

4. DOCK (Kuntz, 1D. et al., 1982, J. Mol. Biol. 161:269-288). DOCK is
-available from University of California, San Francisco, CA.
15 : Once suitable chemical entities have been selected, they can be
- assembled into a single compound. Assemb]y may proceed by visual mspechon of the
relationship of the entities to each other on the three-dnnemlonal image displayed on
a computer screen in relation to the structure coordinates of the complex of hAQC2
Fab fragment and the chimeric al-I domam This i is followed by manual model
,' 20 bmldmg using software such as Quanta or Sybyl _
| | The above-described eva]uanon process for chemxcal entxtles may be
performed ina 51m11ar fashlon for compounds or for vanants that may bind the al-1
. dornam. o o '
o | Useful programs to a:d one of slqll in the art m connectmg the -
L 25 mchwdual chemxcal entmes include: '

L. CAVEAT (Barﬁett P.A. etal, “CAVEAT A Program to Facﬂltate the
- Structure-Derived Design of Biologically Active Moleciles”. In “Molecular
'Recognition in Chemical and Biological Problems", Special Pub., 1989, Royal
Chem. Soc., 78:182-196). CAVEAT is avallable from the Umversuy of
30 ~California, Berkelcy, CA. '

2. 3D Database systems such as MACCS 3D (MDL Informatxon Systems, San
~ Leandro, CA). This area is reviewed in Martm, Y.C., 1992, J. Med, Chem.
- 35:2145-2154.



Leandro, CA). This area is reviewed in-Martin, Y.C, 1992, J. Med. Chem
35:2145-2154. WD 02/083854 -37 1 2 OCT 2005 PCT/ US02/ 11521 3. HOXK

(avail abl e from Mol ecul ar Simul ations, Burlington, My). Ingt@EH 2005

pr oceedl Rujl d an inhibitor or bi ndi ng corrpound in errispiwhse fashion
one chem ca en Ity at a tinme, as descri bed above, binding conpounds may be
desi gned as a whole or "de novo" using either an enpty binding site (such
as a binding site of the a 1-1 domai n or-3he hAQC2 Fab fragnent) or
optionally including sone portion(s) of a known at -1 donmain or the hAQC2
Fab fragrrent bi ndi ng conpound. These nethods include: 1.LUD (Bohm H. -J.,

1992, 3. Comps. Al gt G RsiG MioRdndimuldd Sudigiohaiig Trom Bi osym

Technol ogl es,. San , 102. LEGEND ( Ni shi bata ltai, 1991,
Tetr ahed 47: 8985) . I Si nul at :
Burlington, MA 3 L)eapbeEﬂGG%brﬁPfe;ﬁw&% b 4% FiBtoret bilana Bl PR, o

MD). Ot her métﬁpwhs%rfagmf%dmen%baitgys& K, & ARcifgBBlYeidn  accor dance
with this invention. See, e.g., Cohe N. 90, 'J. M&d. Chem 15

33:883-894. Seenmiuads Nay bededignkd aamdviidietor "Iﬂhmoko“ usiﬂgatheean empi@iiiedingSt r uct .
Biol. 2:202-210. ce an_ent.i en desi | ect ed by the above
met hods, tRe S‘E""f@‘i‘@%ﬂ@“‘%ﬂ’% ﬂt%{\f E hﬁmémft@ffh«g %f? HB 95| -1 domain
or the. hAQCZ lg)q.t t 33@5 y onal

eval uati on. Rgg@%ﬂ@%ﬁ;% omoﬂﬁﬁ@?%&? @erﬁﬁ gts)li,héene rﬂsel ected to
function as aﬁ-agmént(ﬂ»mm@cdmmmgmmpwmdisoadudo averse a vol ume not

over | appi ng that OCﬁUpl ed. by. the binding site when it is bound to th

chi neric al - | ldomal-HDI fRoleni L 1992¢f. Gompy éd. Wﬂﬁﬁd??fff"c@ﬁb@&h

dermonstrate a rel aavailablg fromBiospinf Feshwolegies, Sandtegy Got ween its bound and
free states (i.e., a small deformation energy of binding). Thus, the nost

ef ficient 10252al - | LHGERDN (Nighibaka) 1y, ﬁﬂrmqmdx@hpméﬂdaiﬁam;deﬁawpdmﬁmm

def or mati on enerQYstafvaJUlé‘ﬂbﬁQ\deecﬂﬁiS:Elﬁﬁa’ﬁo%& BhdfgRRoMA 10 kcal Imole, e.g.,
not greater than kcal | al -1

3. LeapFrog (available from Tripos Associ ates, St. Louis, MO).

Other m_oiocnlar modeling todmiqm may also be employed i
accordance w:th this mvention. See, e.g., Cohen, N.C. etal, 1990, J. Med. Chem.

15 33:883-894. See also Navia, M.A-and M.A. Murcko, 1992, Curr. Qpin. Struct. Biol.
- 2:202-210.

.Once an entity has been designed or selected by the above methods, the
efficiency with _Which that entity may bind to the al-I domain or the hAQC2 Fab
fragment can be tested and ootimized by computational cvaluation For example, a

20 | compound that has hocn de31gned or selected to ﬁmctlon asaal-l domam binding
| compound can traverse a volume not overlappmg that occup:ed by the bmdmg site
when it is bound to the chlmenc al-I domain. An effectxve a1-I domain binding
Vcompound can dcmonstrate a relatively small dlfference in energy between its bound
| and free states (1 e,a small deformation energy of bmdmg) Thus, the most efficient
- 25 al-I domam bmdmg compound should be demgned with a deformatlon energy of
bmdmg of not greatcr than about 10 kcallmo]e €.8- not greater than 7 kcal/mole al-I
domain bmdmg compounds may imteract w1th the a1-1 domain in more than one
conformatlon that is s:mﬂar in ovemll bmdmg energy. In those cases, the deformation
energy of bmdmg is taken to be the dxfference betwoen the energy of the free
30 compound and the avcragc energy of lhe conform:mOns observed when the compound

. binds to the protein.



domai n bi ndi ng conpounds nay interact with the al-I domain in nore than one
conformation that is simlar. in overall binding energy. In those.cases, the
deformation energy of binding is taken to be the differdrtd(Tefddsen t he

ener gy o Jlﬁ)s{n{ﬁe 30 conpound and t he average ener gy &Iﬁ%@gmn&tlons

obser ved"\ih e conmpound binds to the protein. 2/ 083854
PCT/ US02/ 11521 -38 A conpound desi gned or selected as binding to al -1I
domain may be further conputationally opggm zed so that in its bound state
it would lack repulsive electrostatic interaction with the target protein.
Such non-conpl enentary (e.g., electrostatic) interactions include repul sive

char ge- char ge, di pol - Aggﬁgeﬂf SHALAE Sagl P AL (L Q0Bin SRR | 0ol 1

the sum of all el ectrost I ONS Ween oun the

protein when fubBeCamuenidnalty Sstithided 6o thalinl itshyuad etatesmwhm lagikepulgiveeut r al
or favorable contribution to the enthal py of -binding. Specific conputer

software. is @l¢afastebr éntprgctiqmwithythe t@tgeépralmt @Chd@ﬁwmﬂefﬂ@fﬁ@fb’ &8&ion ener gy

and el ectrostati.c npl e nans .10 d such
Coes i ol ude: AebifslAiFioBshe Rl i AR FY cBERALARE, whfLCHERR I bt
Pittsburghs Rfip 6&9&@&%1‘48@%&1\11@515; e denDof 1 ﬂecﬂ@@iabﬁ%erahﬁkbxﬁ%reﬁ#éeﬁ tieef
California -at San Francisco, 01994); QUANTA/ CHARWM ( Mol ecul ar Si mul ati ons,

| nc. Bur |'i nepropnunijand 1199119te1mwhbn ﬁhslcgmpowdl iDbgwwsi/tore | Blwsaisshveldimakieogi es

oy S et zﬁiﬁﬁfn@swmiw“e o e S s
sof tware packages wil | que ena;{)l@eltdga teslgla{,élﬁglellﬁtﬁ%fyéval@}e ot her

useful drug design techn his Invention Is Iterative drug

design. lter a¢ompmnh|dmlgfcxmstmyncnesg3aamb¢lbmd>sfauc 1mp'actng|Epg.nqﬂ®mf padgrans
between a_protein d a co (gat co ound., i 3e§ thO ) by 20
det er ni ni ﬁg ?f‘%’&? ‘Efast”F]iH!j a‘H;F‘ﬂ‘Eﬁ i emaionds (M firged si ve

sets of prot _ r of
Srystal s of e"%ﬁﬁ?ﬁ%‘q‘n’“ﬂ?&ﬁ? Aﬁ%ﬁ BR, N oslohl Fip X sl ﬁﬁ*%?%‘?@ff%ﬁ‘iﬁe
obt ai ned and atfem Rriwcisch; @29M)MQUANTAICHARMM (Molehle Shhulibes Iear conpl ex

I s solved. Sugh an ap& roach I’OVI des insight into the associati ons between
the. proteins Byriingi, MA £1594); and Inssght Jihscover (Biosysm Technologies Inc.,

San Diego, CA ©1994). These programs may be nnplemcnted, for instance, using a
15 Silicon Graphics workstation. Other hardware systems and software packages will be
| known to those skilled in the art. |
One other useful drug design technique enabled by this invention is
iterative drug design. Iterative diug design is a method for optimizing associations
_between a protein and a compound (that compound includes an antibody) by
20 - determining and evaluatmg the three-dimensional structures of successnve sets of
' 'protem/compound complexes In iterative drug desxgn, a serieés of crystals of a protein
- complexed with entities that binid the protein are obtamed and then the
- three-dimensional stricture of éach molecular comp]ex is solved. Such an approach
' provides insight info the associations between the protcms and other entities of each
':2 5 complex This is accomphshed by se]ectmg chemical entities with mhlbltory actlwty,
. obtammg crystals of these new complexes solving the thrce~dlmenswnal structure of
' 'thc complcxes arid companng the associations between the new complcxes and the
o _prevxously solved complex. Assocxanons within a comp]ex can be ophmlzed by
observing how changes in the components of the complcx affect associations.
30 In some cases, iterativé drug design is carried out by forming

successive complexes and then crystallizing each new complex. Alternatively, a



25 conplex, This is acconplished by selecting chemcal entities with

I nhibitory activity, obtaining crystals of these new conpl exes, solving the
t hree- di mensi onal structure of the conplexes, and conpani nd)gTh@lssoci ati ons
bet ween t he new conpl exes and the .previously solved conpl ex. Associations
within ayoeppiies can be optim zed by observi ng how changesriuseiihsiconponent s
of the conplex affect associations. 30 In sone cases, iterative drug design
is carried out by form ng successive conpl exes and then crystallizing each
new conplex. Alternatively, a 1 2 OCT 2668 -WD 02/ 083854 PCT/ US02/ 11521 -39
pre-formed protein crystal is soaked in the presence of another chem cal
entity, thereby formng a conplex and obviating the need to crystallize
each i ndi.vi dped-formedpraein cistal isRbaltedn ehd presincEofNpndiet cloamsicd chtity,

phar maceuti cal compositions of this invention contains one or. . nore VI:A-i
ant agoni st s ‘dterehyloprmgaompicxandiobriatiag fne negd tq cryptallize senhyipduidsal and t he
smal | nol eCU|chI,’n \é&A— 1 antagonists identified by the above-describedrati onal
drug design maphods) , or pharmaceutically acceptabl e derivatives thereof.
The conposi tYIPNPhAPMatdiiticRECompHNiGos a - phar maceuti cal |y acceptabl e carrier,
such as an 10 adjuvant, a vehicle, a buffer and a stabilizer. The )

phar maceutd cal conposi tThepbamiaceuticsl ¢ampasitionn ofybiaventipaiconiginglopg or =

topically, intraygnously, subcutaneousl.y, i.ntraperit ally... ..
e amustul amgre Vi eAeaB e e R fversBplP B Ayt SR Athdieapd s ¢ un
a- synovi al | ymalinhd18&il 8 ViBA Ll YantaghMisis 34 iRiERA by thd MHok@ReRAbES AkibNal drug
intraspinally, intracranially as desired, or just locally at 15 sites of
i nf | anmat i on design methodg), onpharmEteutipdlbyracaesalle dafivativepthsienf.obie of this
i nvention may al so _.be adm.ni.stered by.inhalatigon through the use of, e.g., a
nebul i zer, | £OPHSIIGHRERY fTHAT St 2 fhepricr Bipally aceopiaht camer scings ar -
i npl ant at {®n Afuvakt '%%mgjeog{_ uffdY stbilpkpcot npat i bl e sust ai ned rel ease
i npl ant into the subject.’ Re phar maceut i cal conpositions nmay be in the form
of a sterile 20 injectHiephapnepaticat canpositions ef thipinveatichtmay beegiverj ect abl e
aqueous or ol eagi noys siquégensi n. This suspension, nmu

Ws EABERN0

_ may. be fornul ated
accordi ng t o-Fa&homeal %Wyﬁmmllw‘%@?éxng,
wetting, and ; mﬁ‘“ﬁ"“ﬁﬁ{' 'W&"%EE'T’ L\ -'%ygﬁm‘ ehidycal
conposi tions lgan e adm’'nistere Twﬂ?%‘@?wég%ﬁ?u es, aJt@;alb tg%s, Y

mtrathecally, intrahepatically, mtraspinally, intracranially as desired, or just locally at

15 sites of inflammation or tumor growth. The pharmaceutical compositions of this
invention may also be administered by imhalation through the use of, ¢.g., a nebulizer,
adry powder inhaler or a metered dose inhaler, or by implantation of an infusion
pump or a biocompatible sustained release implant into the subject.

--The pharmaceutical compositions may be in the form of a sterile
20 _ injectable preparation, for example a sterile injectable agueous or oleaginous
suspension. This suspension may be formulated according to techriiques known in the
- art using suitable dispersing, wetfing, and suspending agents. If given orally, the
- pharmaceutical composiﬁons can be administered in form of capsules, tablets,
. aqueous suspensions or solutions. Fortopical applications, the pha‘rmacetltical.
.25 . compositions may be formulated in a suitable ointment. |
The'dosage and dose rate of the VLA-1 antagonists of this invention
effective to produce the desired effects will depend onra variety of factors, such as the
-nature of the disease to. be treated, the size of the subject, the goal of the treatment, the
- specific pharmaceutical composition used, and the judgment of the treating physician.

30 - Dosage levels of between about 0.001 and about 100 mg/kg body weight per day, for

example between about 0.1 and about 50 mg/kg body weight per day, of the active



aqueous. suspensions or solutions. For topical applications, the

phar maceuti cal 25 conpositions nmay be fornmulated in a suitable ointnent:.
The dosage and dose rate of the VLA-1 antagonists of this]iZnQEnt200b
effectivg, { uce the desired effects will depend on a- i f
factors,%é)u@f?giasggt he nature of the disease to be treat e%f:)fﬁ[ﬁg%i%%g of the
subject, the goal of the treatnent, the 'specific pharnaceuti cal
conposition used, and the judgnment of theqgreating physician. 30 Dosage

| evel s of between about 0.001 and about 100 ny/ kg body wei ght per day, for
exanpl e between about 0.1 and about 50. ng/kg body wei ght per day, of the
active 1 2 OG 1 ' ' und are
useful .. For ﬁé&%@é&é&g{gﬁtl oﬁ?ﬂgf 6%@%\’/%#@%9%&)?F{eglfe“&gé%gﬁ@?ered at
a dose rangi ngdmigisteahatalioet rdigihl bepwéeq abouy.MlemgXe/bddy waight/dbparid abdte ng/ kg -
body wei ght/day, e.q.,; ranging between about 0.1 ng/kg body weight/day and
about 10 ny/ kagmsasg ngwsgr@’éyy, %d%“&h@t‘é’ﬁ%ﬁ@ugg-lévé’kﬁ beduwerhtdary t een

days. 5 In angth | _ 5 i Vi 1 nj _ e of
about 0.3 to %@Eg{@%@@%&ghﬁé&m @g@gﬁiﬂ{,% azérjg? Vﬁﬁ{%{iﬁgr I Oe%gg?fsy_ In
yet anot hers erbamiieebhbodifiRnt, &Y inBBEYy is SdmciitBied aeh 86scAdf BoBABR1Of maheut 5
to 12.5 ng/ kg body wei ght when adm nistered intravenously. In one

enbodi ment ; - ahodwsiskidyhenodpusisteiadriniraperitomadliy. Snackahoither gmbadiment, ths f ect i ve

to provide a plagsma.l evel. of tibod f I t L .10, ng/lmd. XII1.

Di seased Cond'g'ﬂtﬁwﬁglsmg "R%@Eﬁ éf#ﬁgta}t\ﬁ?ﬁ ﬂgﬂi%%qﬂ#{{gﬁlgl&hcphe

i nventi on ar eagiaRiskred mtﬁak)&ohél?fithﬂgﬁ\% embddRéntda ghiibb &y %&hb&?ﬁo‘rﬁ%

a&, - medi at ed di seases such as fhose erwncratcd above.” The® treatnents of
thi s i nventi ondmmastetd acdan aneou effedtive tupmmidendlamantay el odlapileddy odfaf leitled 15
W th these] conditjons. Animal subjects to which the invention is applicable
extend to Oof¥Bbrestic-ani mals and | i vestock, raised tither as pets. or
for com‘rercialj(lﬁgrmgédgédcgﬁaﬂmggt% zﬁf%nﬁ&ﬂ%o&éﬁ s, cattle, horses, sheep,
hogs and goats: efricacy o - goni sts of the invention can
be tested in -various aTheWILA¥bdsiagonifioof the vention areaméful irpthe treatmiest, and

arthritis nodels jnclude 20 those described in WD 0, 0/ 72881: Kj dney
fibrosis. nodm : tioRoRic, Bcmedialed diseases gpshos; thass spumeraled gbgys. The

syndrone ki dney. el eh6sh iR W @9@9 A
157: 1649- 1659%n tér?é’@gﬁﬁ mﬁ’s%ﬁ'ﬁoﬁgeﬁ%%}{%?%%@%nep retrs Jcéts aititids
15  with these conditions. Animal subjects to which the invention is applicable extend to

bo!h domestic.animals and livestock, raised either as pets or for commercial purposes.

Examples are dogs, cats, cattle, horses, sheep, hogs and goats.

The efficacy of the VLA-1 antagonists of the invention can be tested in
- yarious animal models. For instance, useful psoriasis and arthritis models include
20 those described in WO 00/72881. Kidney fibrosis models include those described in
. WO 99/61040, the Alport’s syndrome kidney model described in Cosgrove et al.,
2000, A:ﬁ.J. Path. 157:1649-1659, and the SNF1 mouse model of lupus nephritis
_,-descﬁbe_d in Kalled et al., 2001, Lupus 10:9-22. Vascular fibrosis models for
- Testenosis include a rat carotid balloon.injury model described in' Smith et al., .1999,
25 Circ. Res. 84:1212-1222. Lung fibrosis models foridiopathic pulmonary fibrosis and
- scleroderma-associated pulmonary fibrosis include a bleomycin-induced pulmonary
_ fibrosis model described in Wang et al,, 1999, Thorax 54:805-812. Liver cirrhosis
- models for hepatitis C- or alcohol-induced cirrhosis. include the bile duct ligation
model described in George et al.; 1999, Proe. Natl. Acad. Sci. USA 96:12719-12724
30 and the CCLA-induced liver fibrosis model described in Shi et al., 1997, Proc. Nadl.
Acad, Sci. USA 94:10663-10668.



.-.described in Kalled et al., 2001, Lupus 10:9-22. Vascular fibrosis
-nodel s for restenosis include a rat carotid balloon injur @g descri bed-
in- Smith et al., 1999, 25 Crc. Res. 84:1212-1222. L Hglﬁﬂnﬁ i s nodel s
for idioggjdigsRy! monary fibrosis and scleroderma- associpdly shpnary
fibrosis |nc{ e a bl eonycin-induced pul nonary fibrosis np e escrlbed I n
Wang et. al.; 1999, Thorax 54:805-812. Liver cirrhosis npdels.for hepatitis
C or al cohol -induced cirrhosis include_yhe-bile duct ligation nodel.
described in CGeorge et al. 1999., Prot Nail. Acad. Sci. USA 96:12719-12724
30 and. the. CCL4-induced Iiver fibrosis nodel described in Shi et al., 1997,

EE?’?USBIzZiELlllSZﬁCSlgl 'Sl'(r:lle erfi cag%&ﬂggﬁﬁ;&} reé’tfn%heln sthfozqrﬁ?%%\%gﬁl?gﬁ% ?‘raybe

nmeasur ed by - aurnibdrbPivaidiblediabhatik oo, dWRasLg physRal Scandiftiondbioed plxsi cal
exam nation, blood tests, proteinuria neasurenents, creatinine |levels and

creatinine c Ipé@tmna@mepwmﬁﬁwreaﬁumﬂquh and sreafininh elwaxw,@yhnorwmc hoscopy,

bronchoal veol ar | avage sma, bl.oo rea |tr en ( BUN)
evel s, obserasioR i el ek, BBFbuesiol, REPTapos i dpage td BHE,

deposi t.i ors ofp1Bxla S rea ﬁiﬁo?&i (BUONPIGH s Bbs&bti ROSR: sc&'ﬁ?&fhcﬂ‘r'ﬁ@'o? actin
and flbronectln ki dney function tests, ultrasound, nmagnetic resonance

i magi ng (I\/Ra‘yb,rotank&swffs slcmmo){ldf extriaeugiaosmtrm $vish lamdtﬂlagal Bhwotinnudrdeli es of
this |nvent|on can P used k@n nose di seased ,conditions associated with
altered all “P%’\Pe CYNURPRAR fests, upd, SRASREUGIRSPIARES ARG o5 o
ti ssue bi OpSXMJQ?d.%Hf dpsanpl e or lavage (e.g., alveolar lavage), can be
tested in an antigen capture assay, )Pl SA, munohi st oche rn stry assay, and
the |ike usi rKIM.hBimmbithodietindsA ti ssue sanple from a normal- i nd| vidual is

used as 15 control. Practice of the present invention wll enp a unl ess
i ndi cat edm ot her wi se, cowaehbodienof thisamysntor sare wsed fo @?&%59‘53% | cul ture,

nol ecul ar y, and
mnol ogy. - W aons Ss6eiABh QiHerel 35 ERpRARG BEks. ARt Pl BBl d Y, 2
described in mb}tctswaauﬂsﬁw\ﬁepsy,Wy fifid exrapielof lavaddeqs ivdolEiDake)y:. A
Laboratory Manual, 2nd edition (Sambrook et at., Eds. ), 1989;

.0 i gonuci eotgaadedssind e snambgan aptumassay, ELISA, invaunohisticchemstiy gssay, T83, 195

the like using the artibodics. A tissue sample from a normal individual is used as

15 control.

Practice of the present invention will employ, unless mdicated
otherwise, conventional tecimiques of cell biology, cell culture, molecular biology,
microbiology, recombinant DNA, protein chemistry, and immunology, which are
within the skill of the art. Such techniques are described in the literature. See, for

20 t:xarnple,.MoIeculdr Cloning: A Laboratory Manual, 2nd edition. (Sambrook et al,,
- Eds.), 1989; Oligonucleotide Synthesis, (M.J. Gait, Ed.), 1984; U.S. Patent 4,683,195
‘to Mullis et al.; Nucleic Acid Hybridizdtion-,— (B.D. Hames and S.J. Higgins), 1984;
o ,Transcription-and Transiation, (B.D. Hames and S.J. Higgins), 1984; Culture of
.. Animal Cells,(R.I. Freshney, Ed.), 1987; Immobilized Cells and Enzymes, IRL fress,
25 1986; A Practical Guide to Mdlecular Cloning. (B. Perbal), 1984; Methods in
' Enzymology, Volumes 154 and 155 (Wu et al., Eds.), Academic Press, New York;
. Gene Transfer Vectors for Mammalian Cells (J.H. Miller and M.P. Calos, Eds.), 1987,
- Immunochemical Methods in Cell and Molecular Biology (Mayer and Walker, Eds.),
1987; Handbook of Experiment Immunology, Volumes IV (D.M. Weir and C.C.
- .30 Blackwell, Eds.), 1986; Manipulating the Mouse Embryo, 1986.
' Unless otherwise defined, all technical and scientific terms used herein



—

to Mullis et al.; Nucleic Acid Hybridization, (B.D. Hanes and S.J. Higgins),
19 84; Transcription and. Translation, B.D. Hanes and S J. Higgins), 1984,
Culture of. Animal Cells, (R L. Freshney, Ed.), 1987; |Imobilized Cells and
Enzymes, | RL Press 25 1986; A Practical Guide to Ml eCUISZ @&ﬁ yg (B

Per bal ), WOYBREISRA ¢ hods in Enzynol ogy, Vol unes 154 and 1 Q

Eds.), Academ c Press, New York; Gene Transfer Vectors for Mammal i an Cells
(J.H. Mller and MP. Calos, Eds.), 198743 .l nnmunochenzi cal Methods in. Cell
and Mol ecul ar Bi ol ogy. (Mayer and Wal ker, Eds.), 1987; Handbook of

Experi ment | munol ogy, Volumes I-N (D.M Weir and C.C. 30 Blackwell, Eds.),

1986; Mani pubat U 9 SS_Q al |
986 Nent Ubat) B chRE OB oL BB G BB BB B W o
have the sammmmva‘mdﬁm B4, YEXHREIR4S B0 d3Yan8 Mfat&tial O bréidesuribed bkilohw, i N t he
art to which this invention beI ongs. Exenplary nethods and materials are

descri bed belahhpugkant:thodgmdrmathmﬁssml@r obequivaddnd testhose éepscnbecb’tmm‘-m&amnt to
t hose descri bed . herei n the practic ar testi of the
present i nvefSOs.Us ﬁé?ﬂ Bﬁcﬁ‘éet‘?réfél gg'ed’crﬁsé’Pt Frijom, AL publicate herein’
are i ncor por gjied r&xreheéserﬁ&fifaﬁed Rerbf3< inBBipbFdfldby doferek@4f s Gl &1t he
present specification udi ng definitions, control. The ™materials,
met hods, and cesarﬁrloaﬁm,rthe pﬂeban‘skpmiﬁcu&omnﬁqtuthngidcﬁm{wm,mﬂedntrcd @del i miting.
Thr oughout t hi s eci f | and claips, the word "conpris . variations
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are provi ded “comptibes® or ¢angiristngl) mdH &8 tindeérstoed to mpiy dminslhﬁwh df aetatdde
construed_as |imting thereof. EXAMPLES 15 Chendeat @ggnts Fl uoresce| n

.i sot hi oc&ﬁbnaﬂf@gfrmrargu%@nﬁsa%ham therexpiusioged anr:ﬁtiwr gerer sreup of | oy s,
I\/D) Croton q ﬁngs purchased from I CN Bi ochem cals (Aurora, OH). Wole
sheep bl ood in evers sol ution was -obtained from East Acres :Biol ogi cal s

(Sout hbridge, MA). TypeThe follbwing Exafiipidsage 1/ Afusirde thejSresepe! | agen ' 20
:were purchased from Col | aborative Research Inc.. (Bedford, MA) and G bco

invention, and should not be construed as limiting thereof,

EXAMPLES
15 -Chemical reagents
Fluorescein isothiocyanate (FITC) was purchased from Sigma
-Chemical Co. (St. Louis, MO). Croton oil was purchased from ICN Biochemicals
~ - (Aurora, OH). Whole sheep blood in Alsevers solution was obtained from East Acres
, :Biologi-céls (Southbridge, MA).- Type I rat tail collagen and type IV mouse collagen
.+ 20...were purchased from Collabiorative Research Inc. (Bcdford MA) and Gibco
. (Gaithersburg, MD), respectively.
Balb/c female mice of 6-8 weeks of age were purchased from T_acon‘ic
(Germantown, NY) and the i1 p1 integrin-deficient mice ont a Balb/c background
‘were as previously described (3). - i
25 Examplel
Monoclonal Antibodies. Function-blocking mAbs to murine antigens
. ‘were prepared in an azide-free and low endotoxin format: Ha31/8:(hamster anti-
‘CD49a; integrin 1) (Mendrick et al. 1995, Lab. Invest, 72:367-375), Hal/29
.(ham‘ster anti-CD49b; integrin ¢2)( B1) (Mendrick et al: 1995. Lab, Invest. 72:367-
30 -375; Mendrick, D.L. and D.M. Kelly 1993 Lab. Invest. 69:690-702), hamster group Il



(Gai thersburg, MD), respectively. Bally/c female mce .of 6-8 weeks of age
wer e purchased !from Taconic (Germant own, .NY) and the al 3 |
integrin-deficient mce on a Balb/c background vere asy ?r@%'[ E
described (3). 25 Exanple | Monocl onal Antibodi es. Function ockl ng mAbs
t 0: nuri NEOAND3ZENS were prepared in an azide-free and | BHTAISMIIIGHY nformat
Hai |/8: (hamster anti- CD.49a;. integrin al) (Mendcick et al. 1995. Lab.

| nvest. 72:367-375), Hal/29 (ham;ter ant,i- CD49b; integrin (x2)( X31)
(Mendrick et al 1995. Lab. Invest. 72364330 375, Mendrick, D.L and D.M
Kelly 1993 Lab. Invest. 69:690- 702) hanster group Il WD 02/083854 - 43 1 2
OCT 2005 PCT/ US02/ 11521 control \b Ha418 (ham;ter antl-KLl—a(I\/Endrl ck, D. L.
and D. M Kel Fontna gmAb Had/ @w@gﬂtmhmel@?? 3 andsPM( Kelly 1993 Lagpaod:

integrin a4( 1 ch ( 17 7
addi tion, Z!"F%‘r %83@%%& ? PS?? @?tc?@&kﬁg&gnd;&tegﬁ a%fc aé“)i(h’[s eng 1\)Ner e
pur chased as 1991 9%6M£W1¢3199¢ 887)) IREENALAHhE ﬂﬁlofvhﬁgf'l’@ci;&iiﬁﬁbﬂﬁe hAban
Di ego, CA): HW 1-1"(hamster anti-CD29; -integrin Plc¢hain) (Notd~ et al.
1995 Int. | mwmedhe antigeBs SefqRirchabaad 5ot dradeédloar erlotdxdrOp@Parafiontsdpmii n °

31ch Vend k, D.L. d M Kel | 1993 Lab. | - 7‘2 3E2
(nanot er st FhatepmEeh (SeARiss CaHEYILCL BmSir sm6 G925 Higwin Bl Pam 0965, 563)

5H10- 27 (rat t 9 T 1994.
Bl ood Cells. egﬂ 50%4 ‘e"i'ﬁ"'{éol—lg ?gtﬁ@afétﬁb)%gcﬁ-am @ﬁg iﬂ%"ﬁ%gonn@&berg et
al . 1987 J. RiQldrickhem. m@ﬁ&nlﬁéﬂ)ﬁwb@a&%) Invesd @F@omm Imt(uﬂﬁstsmﬁxr ol mAbs
R35- 95 (rat | g&Ra) ‘and R35- 38 (rat 1g&b). Adhesi on Assay 513&1?1' enocytes from

Bal W ni ce wéilS4c ICANE-} SsheymigCet ahifi9pi J. linmunpl.f $50:¢55663), é‘é(réfrﬂn@)lf cells
to type F an e.N. col evi ous] vy .d [ | set al.
1996 J. O n%ﬁ egvewgéagg’%%) Clej'#‘ef nge@sl%@% >€1b g-bnzb rfves
(Nunc, Nag er, IV or 5
tg/m typigj I G/d 4@&5&%%‘?6%1?)}1&%%(\% S|e§ ié‘lésl%@‘zlli 81(1: Eg%"g‘\{\n l?éﬁ ESA I L-2
activated s plvemqosvm 0383) canidahel =€ thowyipt Bomrdl MABERSEF95 (rat 1gG2a) and R35-38

[2', 7 bls(carb &(%/ethyl) 5(6) carboxyl fluorescein penta
acet oxynet hy (@I8GNb| eeul ar Probes, Eugene, OR) and

Adhesion Assay. Spienocytes from Balb/c mice were cultured with 20
ng/m} IL-2 for 7-12 d. Adhesion of cells to type I and type IV collagen was as
15 previously described (Gotwals et al, 1996 J. Clin, [nvest. $7:2469-2477). Briefly,
96-well Maxisorp plates (Nunc, Napierville, IL) were coated with either 10 pg/ml type
IV or 5 ug/ml type I collagen and non-specific sites blocked with 1% BSA. IL-2
~activated splenocytes were labeled with 2 pM BCECEF [2',7"-bis(carboxyethyl)-5(6)
carboxyl fluorescein penta acetoxymethylester](Molecular Probes, Eugene, OR) and
- 20 incubated with 10 pg/ml of indicated mAbs for 15 min. 10° cells in 0.25% BSA in
' RPMI were then added to coated wells and incubated for 60 min at 37°C. Unbound
. cells were removed by washing three times with 0.25% BSA in RPML. Adhesion was
quéntiﬁcd using a CytoFluor 2350 fluorescent plate reader (Millipore, Bedford, MA).
The ratio of bound cells to input cells was measured and percent adhesion relative to
25  control mAb-treated.celis (normalized to 100%) calculated. Background values due
- to cell adhesion on wells coated with BSA alone were subtracted. =
Expression and functional blockade of al fI and a2l on activated
leukocytes. Given the key role leukocytes play in inflammation, we decided to test
- whether anti-a] and anti-a2 mAbs were capable of blockiné leukocylc adhesion to.
30 collagens. In order to obtain leukocytes expressing high levels of both ol and o2,
. murine T cells were stimulated in vitro with IL-2 for 7.-1'2 d. These cells expressed



20 incubated with 10 pg/m of indicated mAbs for 15 mn. 105 cells in 0.25%
BSAin RPM were then added to coated wells and incubated for 60 nein at
37C. Unbound cells were renoved by washing three ti ey Gﬂ Qpitp % BSA in

RPM . Adhesi s quantified using a CytoFluor 2350 fl pl ate
reader Mﬁ?’ﬁ%ﬁ%, Bedford,-MA). The ratio of bound cel g*’?’g‘?ﬁ?ﬁ%{h cells
was neasured and percent adhesion relative to 25 control mAb-treated; cells
(normalized to 100% cal cul ated. Backgraquad val ues due to cell adhesion on

wel l's coated with BSA al one were subtracted. Expression and functional
bl ockade of al,61 and a2/ 31 on activated |eukocytes. G ven the key role

| eukocytes phay .n.infl tion , I d to, te f antiwal .and

anti-a2 mbs tk.}%}lgveé%%a qq%nrégfanglogc@%n'giﬁﬂeﬁ?ag)?%dewgﬁk%gé{@%%pggeggh?méiens. In
order to obt.am_ztc%u&egu&@%smigr e85 Adhddiod o P@HW%OH&geﬂQH& patiaf)ntakited Murine
T cells were Sstimulated in vifro with Ilr2 for 7-12 d. These cells expresséed
WO 02/ 083854 by adti-oll 1BABGIor2GH6 wa@dt ldBilitled b 2dti-hi2ghAb elosles odonlrasth al and a2

(Fig. 1A, and bound wel|l to both collagen type N and _type |-coated
surfaces (Fi gdhesimn tofmedsiodaganovesgunpletelyanhi Wiei-ga ptakidantigl bited by
anti-cc | Al one and s.not _.inhibited ant i,- a2, mMb. al one,. Il pn contrast,
adhesi‘on tﬁ@@éa onggtrqvg WM%“‘&@HH?’&E"&- ;Pb%ﬁ?%btl éIHAlB'ﬁn%ﬁFicg"&Emﬁﬁ%o nd
anti-al ‘5 i nAQyié '.-QYFFM I L alvaid:phi B dak : A = ggﬁb and

t he conbi nat ?gﬂq%l?&ﬁgﬁl?i -a gﬁgﬁg@@hﬂ%@@%&%@e ?r?ﬁ?g{f@kia adhesi on
to types | ardaving dldnegad thabiehe dIp 1I0SIRIRHN ik athd e bxprissed dd dctivared Ta2131
integrins are expressed on activated T cells and that anti-al and a2 mAbs
are able to fagheandithal danfi-g] sako? avklrcare eblatthBwttoomally blaskl lewkeride adhesigsed _
these mAbs to inyestigate the in Mivo.role of these integrins jn. 10 animal -
nodel s of inf@ﬁﬁ(ﬁ%%&’ed%%éﬂtfé? mAbsta insjestigate the i yive '38?&‘5“1‘5 IpfegEtHBnses by
anti-inurign Juhh .mcl,\@lsid}qﬂﬁﬁﬂmagﬁtﬁ&g elsype hypersensitivity (1 FH)
responses were adapted froma previously published protocol (Hurtrel et

al ., 1992, Cefyampleftunol .- 142: 252-263). Briefly, nice 15 were i mmnized s.c.
in the back with 2 x 107 SRBC in 100 ul PBS on d 0. The - Were.

chal l enged on d 5 by id] fPmeﬁnwrwmbg C(,S Blmdperd 1 ght
?:\Angut f oo D ey HRRhyp LGRS () TEGOHIS Wl LdbpRtR FRAH S PiHousiy®2! ! PEr
published protoco! (Hurtrel et al., 1992, Cell. Immunol. 142:252-263). Briefly, mice
15 were immunized s.c. in the back with 2 x 10 SRBC in 100 ul PBS on d 0. The mice
‘were challenged on d 5 by injecting 1 x 10° SRBC in 25 ul PBS s.c iito the right hind
footpad. Footpad thickness was measured with an engineer’s caliper (Mitutoyo/MTI,
.Paramus, NJ) 20 h after antigen challenge, and the degree of footpad swelling
_ ‘c‘alculated.. Results are reported as the mean percent increase footpad thickness +
. 20 . SEMand c__-alculat,-ed as % increase = [1- (Right footpad thickness 20 h-after antigen
: -challenge/Uninjected left footpad thickness 20 h after antigen challenge)] x 100. To
e -block the effector phase of the SRBC-induced DTH response; therapeutic or control
mAb (100 ug), which were prepared according to the methods described in Example
1, was given 1.p. 1 h prior to antigen challenge on d 5. -
25 . SRBC-induced DTH is a well characterized in vivo model of
| inflammation, and in particular psoriasis, that has been used to\demonstratc the
importance of a variety of cytokines and adhesion molecules in inflammation (Tedder
etal,, 1995, J. Exp. Med. 181:2259-2264, Terashita et al., 1996, J. Immunol.
- 156:4638-4643). SRBC-sensitized mice received anti-integrin mAbs 1 h prior to
30 footpad antigen challenge and inflammation was assessed 20 h later as measured by
increased .fo.otpad thickncss. PBS and control hamster Ig-treated mice showed a 60-



Paramus, NJ) 20 h after antigen challenge, and the degree of footpad
swelling calculated. Results are reported as the nean percent increase

f oot pad t hi ckness 20 SEM and cal cul ated as % i ncrease = [2I (ﬂ ght

foot pad t hickness 20 h after antigen challenge/ Uninject eai IQFJ (9 t pad

t hi ckneswO20/083884 t er anti gen chal l enge)] x 100. To bl ocRCT/NENEAFHCt or phase
of the SRBC-i nducedDTH response, therapeutic or control mAb (100 ug), .

whi ch were prepared according to the nethgds described in Exanple 1, was
given i.p.. 1.h prior to . antigen. chal1l®nge.on d 5. .25 . SRBCinduced DTH
Is a well characterized in vivo nodel of inflanmmation, and in particul ar
psoriasis, that has been used to denonstrate the inportance of a variety of

cyt oki nes and’Qdirecseasn imisbped thickniess 20t afignantianchetiensa éFig. 8r Gamparabps,
J..Exp. Med. 181:2259-2264, Terashitg et at. '1996, J. .IT | .1 fro

156: 4638- 46433911%’?,%@-‘%‘%‘?.‘5 i“tﬂﬁ‘??atwﬁ%‘&qr"éé‘B?“\P@d“éﬁf Fe-sPligﬁdéB GRS 0% pri or
to 30 footpad: al ' agng@ - . [ -l ater as
measur ed bS dﬁnﬁigtrlﬂé%]gfea(}ﬁ %%)(% %g%ﬁ?%}%ﬁélégég P égﬁy@hﬁﬁﬁﬁﬁﬁs@grﬂl g-treated
m ce showed amB®s tebufed in2005iniBifenl @8 8Rdrating iR hdditive 2ifect4ver o d N6F €ase i n

footpad thickness 20 h after antigen challenge (Fig. 2). Conpared to _
control hafrst ari-¢g mAbsaionen (Treatment-veith ctherantiinte2rimisbsrveas dlsoedfeciveaat68% and

60% inhibition.in f t hi ckness, respectively. The comhi nat.i on of
ont) -5l and. v BT clontorppia o Tk RBFS AL Hion Gt Vi o SHPEY | o
additive effect La@hioe@l. D: AN ha@r 2 ) i £ Ry ot her
anti-integrin %slga%grﬂga}vgghge}fgt(%% ‘?@é%ﬁaﬁ?‘g?'?& ﬁg%@tg&?gﬁ%}wﬁé@%onse.
The degree of blopkddeidf il tof@esh P ffeckitSub@iif OB 1 )igEbBdhS effedor 49%

(anti-(x4), 23% (anti-a5), and 57% (anti-a6). Lastly, mAb bl ockade of the
common 31 i nt BFH respanisethy 67%nmAb HVBI -1) inhibited the effector DTH response

by 67% 1Q_.Exanple. 3, I nhibition of CHS effector responses by anti-integrin
mAbs. Conggctﬂ{-g%g%ensiti‘vity (CHS) to FITC was assayed as previously

descr bed (Gaspari et alppibiridi 1HS@?@B# eSBASRYY Sutil iRt W5 O Pbntadt E.
Coligan, A M Krui sbeek,n Iti)llil %awcla‘trgu ies,r I£M gﬁjevalclh,e and W St ?ober,

editors. Johnhyjdrsepsigivity (GHSNoFTFC wkas atGyGhas previousipdesiribdel (Gespayi etal.ce wer e
onto the. shay bt CofipatFroioco mipmanlons i g AN Knwabeck, B} ' ©
- Margulies, E.M. Shevach, and W. Strober, editors. John Wiley & Sons, New York.

15 Section 4.2:1). Briefly, mice were sensitized by painting 100 u} 0.5% FITC in 1:1
acetone/dibutylphthalate onto the shaved back on d 0. 10 d later, animals were
challenged by applying 5 ul 0.5% FITC onto both sides of each ear. Ear swelling

: rcSpoﬁsg was determined by ear thickness measured with an engineer’s caliper
(Mitutoyo/MTI, Paramus, NJ) at the time of antigen challenge (d 10) and 24 h later,

20  and the results reported as mean percent increase in baseline ear thickness + SEM.
Increase in ear thickness was calculated as % increase = [1- (Ear thickness 24 h after
antigcn challenge/Ear thickness at the time of antigen challenge)] x:100. To block the
effgctdr.phas;: of the CHS response, therapeutic or control mAb (250 ug) was given

| i.p. 4 hoprior to antigen challenge on d 10. Mice that were antigen-sensitized and ear

25 challenged with vehicle only (vebicle contro]) or mice that were ear challenged
without prior sensitization (irritant control) served as negative controls (never
exceeded 2% increase in ear thickness). _

Given that CHS is mechanistically distinct from DTH and involves

o different effector cells, we investigated what effect anti-integrin mAbs had on the

30 effector phase of the CHS response. Mice were hapten-sensitized u;sing FITC applied
to their shaved backs, followed 10 d later with FITC challenge to the ear resulting in



chal | enged by applying 5. ul 0.5%FITC, onto both sides of each ear. Ear
swel l'ing response was determ ned by ear thickness neasured with an

engi neer's caliper (Mtutoyo/ M, Paranus, NJ) at the Lgng tPf mgﬁel gen
chal | enge &d 10) and 24 h later, 20 and the results report g é an percent

i ncr ease WO (HBR38H ne ear t hi ckness SEM Increase in ear PERUSRAEE was

cal cul ated as % i ncrease [I- (Ear thickness 24 h after antigen

chal | enge/ Ear t hi ckness at the tine of anahgen chal l enge)] x 100. To bl ock
the effector phase of the CHS response, erapeutic or control mAb (250 ug)
was given i.p. 4.h prior to antigen challenge on d 10. Mce that were
antigen-sensitized and ear 25 chall elr(ll%ed wth vehicle only (vehicle control)

or mce that ARFEAEHRAERIFIAORNC nartidRpUFT S raritizenanies dempwstiaied 2 6078
trol i d
S cknens) - olfifed® i ERRNEDA OB duch BRnoe RGPS TSl HIEBIRNEL BT

different effeaubs (Svhedrfius M@l1ﬁvmsﬁ:iz@!alﬁﬂﬁﬂﬂia&)eﬁﬁtﬁmmtl ImAmtr&@zhém mAbs had
on the 30 effector phase of the CHS response. Mce were hapten-sensitized

usi ng FI TC appesuded in 3% kdiibitien afeeg swelbikg. Coraparedeccontrofhamstermdbt h FITC -
chal 'enge to the ear pesul t.in n,1 2 0 /083854 [ USO 1521
-46 an lnflsgm%??ﬁ t?é@ﬁ&ﬁ?g‘%’ﬁ’e s}, @540t mg%%&%’é’ﬁ ftiesn cpal Egetf@ﬁ‘ﬁ%étrat ed
a 60-70% incheass dnd shYi mkibetsh if bal iR, rAPLER 3 S8 c(nﬁhﬂato%) f

Consi st ent Wltlh publ |sh2d rg%ﬁllts (Sche nlrug et g@l{@ }) 1 1ome

150: 655- 663) , aatitol-dndAdtido2 A bE t@attmntshght@sgrbatedmhrblﬁdn %mbwéihhg @ %8t ear
swel I'i ng. Conpared to control hanster mAb, 5 treatnent of mice with anti-a |

or anti-a2 mAdTEatmentwith other mdbs dehl iregring reysaled shatvdule anki- @Wﬂl@nﬁ'@?%

anti —al and aieREs R Ao dipEEs %#‘@qu-@ﬁw% S SEEF T FRPBIE O 07 oar
svel | ing ( f5%compkiedd Btol tit AL Rfm Bt Bt Ll RO bEYER! o t hat

while anti-a4 and anti-ab mAbs resulted in no Inhibition of FITC induced

CHS ef fector rissipisaefeffenod@spmsgaiastly, mAlpblockdderafithdmmbi pRimEgyin Wi t h
anti-a6 mAb resulted_ in an 86% I nhi bition of effector responses. Lastly,

mAb bl ockade @pbwnbmbaa\% effecior sesppises by ddva. (Similar 6HSogsulisweas
of i oo ( ooy, e Bl B RRE CppliE, 1OV TLBES gtk kil el e 1)
(data not s hovea&azoﬂn@) (data riod shdven)l Siildrto Heeitsily debe inRBESRBUInARELATTTH 15
model , histol ogic analysis of inflammed ears reveal ed that both edera
formati on &hd model, histologic analysis of mflammed ears revealed that both edema formation and
Jeukocytic infiliration were mhibited by anti-al and anti-o2 mAb treatment.
Consistent with the finding that «1B1 and a2f31 can be expressed on
IL-2-activated splenocytes, analysis of lymph nodes from antigen-sensitized mice
(FITC or oxazolone) revealed o181 and o2B1 to be expressed exclusively on CD44"
.20 LFA-1¥ activated CD4+ and CD8+ T cells (datanot shown). Treatment of mice with
anti-al and anti-a2 mAbs did not result in deletion of these cells, as the numbers of
- .= " activated T cells in both spleen and lymph nodes seen in response to antigen
| - sensitization in the CHS model was unaffected. In addition, effector cells were not
functionally deleted as prolonged treatment of antigen-sensitized mice with anti-al
25 and anti-a2 mAbs (d 10-16) did not affect the inflammatory response of mice
challenged with antigen at d 20 (data not shown).

Example 4
- CHS effector responses are decreased in al f1-deficient mice. To

exclude the possibility that the inhibitory role of «1f1 in the effector response of
30 FITC-mediated CHS was mAb-mediated, experiments were carried out in wild-type
and o« 1f1-integrin deficient mice (Fig. 4). MAb inhibition of the effector phase in



| eukocytic infiltration were inhibited by anti-al and anti-u2 mAb treatnent.
Consistent with the finding that al J | and a2(3 | can ﬁf em;z mgd on

| L- 2-activated spl enocytes, analysis of |ynph nodes fro gn B ~sensitized
m ce (FILTC or oxazol one) reveal ed al31 and a2jil to be expressed

excl usi v¥IQO28838Ebaah' 20 LFA-1' activated CD4+ and CDS+ PETEEPYIHat a- not
shown). Treatnent of mce with anti-al and anti-a2 mAbs did not result in
del etion of these cells, as the nunbers of;_ activated T cells in both spleen
and | ynph nodes seen in response to antigen sensitization in the CHS nodel
was unaffected. In addition, effector cells were not functionally deleted as

prol onged trea nt aof antigen-sensitized mce with tical.25 and anti-a2
mbs (d 10- 16‘5"I‘ ° frgte ‘é{ﬁ%‘%ﬁ‘s{%ngthfﬂr?WtrW@S’ %@béﬁ“&mﬁ“w&a €alchal | enged
wi th antigen ¢ ¥ € : ses are
decreased in tg%C/k\g’fLs-ggce ﬁ’?}%\r?p&rﬁ’?g%\%ﬂl @%g@ ﬁ%&@é?@?l‘)% t;/énteﬁf;&?lﬂt he

i nhi bitory.rokea@f amtila®P Thd éffdctie phhdeasICHS wassighnificantfy Rudddiftutieehtait ed CHS
was mAb- nedi at ed, experinments were carried out in wld-type and al

(31-i nt egri n @H}li-dsficrent miiageas cpmpared)to uxmttidmﬂdrbmcmcg@%hefséi%eo@reasephase
in 1l 2 OCT_2005 . 21083854.PCET uso02/ 11531 -47 WItJ d-t‘xﬁF mce was

consi st ent O wi PFARIRRPGES RGNV HY) A PHPesdshaley gl afieansYrliBa M i ness seen
with anti-al, /oy ¥ i O Wi JaqslR i fon@lfii=aal -and
anti-a2. The %ﬁ?e%@gﬁéﬁbﬁggséew%fquﬁ%%\ﬁggo &sl\iégérﬂg]f(?fcegﬁt %/m?‘gégégle alnf’ril”&t}r{?%gat ed a

1 f3 1-defi ci ggitedwil®typs nfiedTPB4s8¢, thAblbdkadd &gl id-thy Bep Mdekciéd@leys 71 %
increase 5 in ear thickness, respectively). As expected, the |level of ear
swel | i.ng i n ureswltedtie dnlyisligialy inefepzadanhibition of errswelling, spramstentavithribe reswles  of

ear swelling seen i nti-al mAb treated w |d-type.m ce., Lastly, . mAb

bl ockade of " aPt M HIGRPeRTICE FEatgd ith wrpmipation of B e Anngr BABH ght | y

i ncreased lbnhjg;g;,hg' Ry of ear swelling, consistent with the results seen in
wld-type mce treaied with a conbi nation of anti-al and anti-a2 mAbs. 10

Exanpl e 5 To further exbd finithet éreclyatesthe podsibiljty thina thetinhibitoty ffacoofitheditect of
o caused by SCEBRAR so5h n both A TREa0 PSPPI of BYIRTBRasyS EHEEN -l
and anti-cx2 galea s fhofRbddifibry cHect B cEDY hethi-bl khd Riti-02HRYS, e LrbS
R ~of these mAbs on irritant dermatitis was studied.
15 To assess irritant dermatitis, mice were painted with 5 vl of 0.8%
croton oil in acetone on both sides of each ear. Therapeutic or control anhbodies were
_given 4 h prior to the application of the irritant. Ear swelling was measured 24 h later
‘as described above and compared to ear thickness prior to croton oil application.
Results are reported as mean percent increase in baseline ear thickness + SEM as
20 described above. ‘Mice painted with acetone only (vehicle control) served as a
‘negative control.
PO - 24 h later, ears of mice treated with croton oil showed a significant
* inerease in ear thickness (48%), when compared to mice receiving vehiclé only
(acetone). Toxic ear swelling caused by croton 0il was not significantly affected in
- 25 -mice pretreated with anti-al or anti-o2 mAbs when compared to either PBS or
coﬁtrol mAb-treated animals (Fig. 5). Histologic examination of the croton oil-treated
ears revealed no differences in numbers or types of infiltrating cells or edema

formation in mice treated with anti-al or anti-o2 mAbs, as compared to control mAb-

treated mice or PBS-treated mice (data not shown).



15 To assess irritant dermatitis;, mce were painted with 5 ul of 0.8%
Croton oil in acetone on both sides of each ear. Therapeutic or control

anti bodies were given 4 h prior to the application of thZi@ETt?ﬁﬂ . Ear
swel ling was neasured 24 h | ater as described above and conpared to ear

t hi cknes¥OR{98185¢0 croton oil application. Results are F&JYI%8A1%E nean
percent increase in baseline ear thickness SEM as 20 described above. M ce
painted with acetone only (vehicle contro‘%g) served as a negative control.
24 h later, ears of mice treated with croton oil showed a significant

I ncrease in ear thickness (48%, when conpared to mce- receiving vehicle

only (acetone). Toxic ear swelling caused by croton oil was not
significantl ed: in '25 mce pretreated with anti-cc i or anti-a2

ni Abs when conpared to gjther PBS,ofr. | . abrea Lg. 5).

Hi st ol ogi ¢ exam nation Ig%’b?hoé' Oﬁg{lgﬁwgfﬁ???ggg]égﬂ}.egﬁéﬁs}a@%\é{%é&r{g&eg _ _
di fferences igp iRAHGHE cOlls TXRESMBTint dfithFias bgknee WeSiclide@ fEERmiAOT Mati on in
mce treated with antr-al or anti-a2 mAbs, as conpared to control nmAb-

treat ed m ce wiretiB3nat od adreitimiZcm Ape atoaldriet inkibaery)in af a2celitdted @dsleld 02/ 083854
PCT/ US02/ 11521 -48 Exanp|le 6 [nhibition of arthritis by x.1/3 1d, . a2/ 31.
hs alp | % RS BT R AR ARl rpoed Hemiaol hed2ysa B tsrato
arthritis patd entfoosne, Aesio6d J0 exp@mne whether anti-al or anti-a2 mAbs
woul d be inhibitory i'n an accel’érated nodel of 5 arthritis previously

descri bed (Terato:et alArthrb@8RCIA Antibudiokits wé8 paidhdsed ity Shetagére (Lat al .,

1995, Autoimmunity 22:137-147). Arthrogen-Cl A Antibody kits were purchased
(from Strat ageHa Q—‘ﬁhandmhral,s 1gghuced Heng 2 et astablished prateal {Tergtoet aby 1992,

bl i shed pf. | | acd - 4], - -
SRS T T G R T T e
through i 1. drihirieietwaeindice@tiFOGRid. inj@ftioft ofalchclasil bBPaiti-tolR@ed fypemrbs (1 ny

each) on d 0, foll owed % i.p. 1njection of 50 ug LPS on d 3. Over the
course, of tHBAReLd nw grch)on 48, fallowed by epoipiagtiomof $Q&ug LPS ongl 3. aRlvertheand

digits. Therapeuti.c or WAb {250 n s admni.stered.i.p. 4 h prior
to injection 'ggglgtehcg%ea i?:q'%{)é’ﬁiéﬁﬁlﬁ“%éoﬁ%wgfm' { “aa'ﬁ‘ﬁs' hdlﬁ'ﬁc‘)or to LPS
admi ni strati %&?&ﬁ@m%ﬁh&h@{béﬁowmﬂp.%ﬁﬁ&%%&m éfapgt h of

the experinent.. Beginning on d 3, mce _
anti-collagen mAbs on d 0, and again 4 h prior to LPS administration on d 3, and then

15  continuing every 3" day for the length of the experiment. Beginning on d 3, mice
were evaluated for the development of arthritis. Severity of arthnitis in each b was
scored using a four point system. (=normal; 1=mild redness, slight swelling of ankle
or w_ris-t; 2=moderate swelling of ankle or wrist; 3=severe sw_elling including some
digits, ankle, and foot; 4=maximally inflamed.
20 B . Severe arthritis in Balb/c mice developed within 72 h after LPS injection
and persisted for more than 3 weeks. Neither injection of anti.—ci;)llagen mAbs alone nor
LPS alone induced arthritis. Mice receiving control mAb {reatment displayed equally
_"sje}vcrg arthntls as ﬁm seen in PBS-treated mice (Fig. 6). In contrast, treatment with anti- -
ol mAb alone resulted in a marked reduction (78%) in arthritis, lasting the duration of
25 the é};pc;ﬁment. Treatment with anti-a2 mAb alone also had abeneficial effect, resulting
ina32% decrease in the arthritic score as compared to.control mAb-treated mice. The
~.combination of anti-cl and anti-a2 mAbs resulted in a similar degree of inhibition as

. seen with anti-o.l mAb alone,



were eval uated for the devel opnent of arthritis. Severity of arthritis in
each linb was scored using a four point system O=normal; !=mld_redness,
slight swelling of ankle or wist; 2=moderate swelling pf 86k H0br wist;
3=severe swelling including some digits, ankle, and foot; 4=maximally

i nfl anedO0 90 Iere arthritis..inBalb/c. mice. devel opedP(?TW'{zHil?ﬁl 72 h
afterLPS injection and persisted for nore than 3 weeks. Neither injection
of anti-collagen mAbs. al one nor LPS al_gglg i nduced arthritis. Mce
receiving control mAb treatnent displayed equally severe arthritis as than
seen in PBS-treated mce (Fig. 6). In contrast, treatnment with anti- al mAb
al one resul t'gd i n!ﬁmarked reduction (78% in arthritis, lasting the
duration of 2S2HHE xperiment. Treatment with anti-a2 mAb al one al so had a
beneficial effect, r ﬁ;g}i}tb ol oI AEyEL SRSR ) iU ltb ealifhll © S
conpared to control -tredated m'ce. e °‘conbination of anti=al and
anti-a2 mAbs or@s biflethmatony ciinlar @filutergr Eertlodr histdliopickl omalyas of e @RBE4 h
anti-al mAb alone, 1 2 OCT 2005 WD _02/083854 PCT/USQ2/ 11521 -49- Exanple 7
Hi st ol ogi cal indyaed/ BT spasse senfirgied fherabilly ofpnii-ah apd ant-p2mAb reptdigitient  on

t he i nfl amgmat or el lul.ar infiltrate.  Furih ' | ogj.. | ysis of the
SREC. 1| nd U ed g e Shfted ‘E}c}ﬁ? la??éﬁris%%‘sg’a'b?‘ﬁi@%ﬁ%ﬁngg‘{‘ﬁ’-%giaag‘ﬁﬂy%t | -a2 mAb
treatnent to SREMEUHsAIZE hithis@SHdwell Retniany ha ifRinhiitohSRNE Snfildte when

unchal | enged=f oot pad froman SRBC-sensitized nouse showed virtually no

i nf | ammat or y cempéned & an SRBIG-¢hailenged dootpasopra teasame maugRAT:athentioénged.

footpad from sane, npuse. Jreatnent ,of . SRBC-sensitjzed mce wth anti -al
and anti-a2 t 'é‘?‘lsﬁ’éggg?lﬁﬁ‘é"tfitam&'g‘ﬁﬁﬂﬂéﬁ'ﬂgﬂ’é&f 9‘5}}%6[?888% 1 %Ii\gnber of
these infilt iodkbi)Gedild theRiiit: bPnSRAHRARM GOGT0uALi BOSO2ARIABEN compar ed
to control -tTeated mce. oser exam nation of the infiltrating cells
reveal ed hbstfoatpddssvtion doenpaesidiio sentral inAletreatopinides Glotdr examinatiorooithyt es and

| ynphocytes present, and confirned ghat anti-al and anti-0 | t r eat ment
greatly decr tipgeells sppreied most £oflsda be gpmposeph ppptepphulf,pwith some

| mrunol ri st oqhgﬁﬁ' 'ﬁ? ??g at i ﬁ'ﬁ §|I¥ ﬁéﬁ Celil S

i nflammat ory cel T4 a%ndljﬁﬁ r%%selg rrgr'r‘r?é) I'STOC (i%i'ébg%lmﬁg%ﬁ(#ﬁgd to nore
preci sel y detwrathdif gidafly dadressed Gic duitberstfithdse @éls)gg cel |s and whet her they
express

Example 8
15 Inmunohiﬂochemiogl demonstration of al-expressing cells in the
inflammatory cellular infiltrate. hnmunohistochemistry was performed lo more
precisely déterminc the nature of the infiltrating cells and whether they express
-collagen-binding integrins. Infiltrating cells from an inflamed footpad of an untreated
- mouse were examined for expression of a1B1 integrin and cell lineage markers. olpl
20 integrin was found to be expressed on many infiltrating leukocytes. Dual
immunohistochemistry was.utilized to identify the nature of the infiltrating cells and
the disﬁdbutiqn_of alp1 expression. Using cell lineage markers; the infiltrate was
found to be composed largely of granulocyte/monocytes (Mac-1+), with many of these
celis being neutrophils (Grl+), along with a smaller number of T-lymphocytes
| 2§ (CD3+). Exprlr'ession of a1 B1 integrin was found among all three subsets of cells,
with al expressed on a subscf of Mac-1+ granulocyte/monocytes, a subset of Grl+
neutrophils, and on the majority of infiltrating CD3+ T lymphocytes. Detailed
immunohistochemical analysis revealed that although anti-a1 and anti-a2 mAb
treatment reduced the aumbers of infiltrating cells, no change in the cellular
30 composition of the infiltratc was seen (data not shown). Immunchistochemistry



col l agen-binding integrins. Infiltrating cells froman inflanmed footpad of
an untreated nouse were exam ned for expression of al i grin and. cell
S 20

| i neage markers. alp 1 20 integrin was found to be n many
infiltrating | eukocytes. Dual irmmunohistochenm stry was utilized to identify.
the nat WO WBM8I8{E infiltrating cells and the distributi SRTEEVAIEYH 1
expression. Using cell lineage markers;- the infiltrate was found to be

conposed | argely of granul ocyte/ nonocytes(lac-1+), with many of these
cells being neutrophils (G 1+), along W|th a smal |l er nunber of T |ynphocytes
25 (CD3). Expression of al Ol integrin was. found anong all three subsets of

cells, wth t. X ubset of c- 1+ granul gyt e/.nonocytes, a
subset .of G I ‘mﬁéﬁ?&&gﬁ?%““t‘ e TpRe ?f%arB]F&fl}F Q??lnﬁyﬁ?%i/et'arngﬁ P T

| ynphocytes. fetait Jaapell wheveal ed. hat al t hough
anti-al and anti bmggocah a??rg{nt guce (fq% %’iﬂers) infiltrating cells,-
no change i n Ehengled! ul ar. 30 corrp05|t| on of the infi Itrate was seen (data

not shown). I nrnunohistochemstry 1 2 OCT 2005 WO 02/083854 PCT/ US02/ 11521
-50 st ai n| ng: with a FI Tahiditian-dfambrigs bymidbe ened fientl ob8! a&dﬁllctlydﬁcwv!he

- al 2 | h | aned f
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inal -defi C'ﬁ‘a‘ﬁ% 5wé@ fdfed:16%x ﬁ'gl ijhehﬁr Xﬁ“cy{l %?%E@&?WAQwaﬂlﬁ'blﬁﬂ}ﬂ%ﬂt&Q cells

i n-the synowumo art rtis 0 exam ne wh

anti=al or aﬂhlanQEch@t%dmbpbﬂwﬂmﬁbpfﬁvidﬁﬁwdcﬁbrmad ("ﬂ&%laraatmzrmdel of
arthritis previ ousli descri bed (Terato et alL, 1992,

| ni nunol . 148: bawgwp 14521082 )8y Texatett al., wésAurAmmmmﬂﬁ 137-297) 1 Fhismadel Thi s

nmodel invol ves_ i njectj.on Q ant i oIIa en t. S|nto
R R LU LB E LR ST

devel opneny ofy BPS Mmﬁﬁsﬁaﬁa@&e&dﬁ%@mﬁe &vzlogmeanC&thWﬁE%thu@ﬂem gvery 31
day starting at d 0, and scored for the devel opment of arthritis every 3'i

day. Severe. MWWQm slvstemlmpw BH da\jr staming et ¢0; dndrscazd orthe develapment of ect i on

and persi sted . nore ction gen
mAbs al one no %n"e%ﬁ‘dgﬁ ‘* g‘oyfd r‘@{?&mﬁ‘rg?% Fg'rll%ﬂ\b
treatnent 15 Ej&ﬂbﬁ or M6EQha Pivbdls! Nefi h&-’in;febﬁ&:éﬁﬂﬁ-ddﬁaf&s‘”eat ed
mce (Fig. 7). In contrast, treatnent with anti- n Ab alone tesulted in

a marked r edumﬂbaﬂlo(rﬁﬁ%w&alobcymgd arthrigist Mice resetvingstontrgl mAb tetamant on  of
the experl Bent il AL IRR sevkre hrihitis a8 ffian seen in PBS-treated mice (Fig. 7). n

- contrast, treatment with anti-al mAb alone resulied in a2 marked reduction (79% and
higher) in arthritis, lasting the duration of the experiment. Tréatment with-anti-a2
mAD alone also had a beneficial effect, resulting in a 37% decrease in the arthritic
‘score-as compared to control mAb-treated mice. The combination of anti-al and anti-

20 a2 mAbs resulted in a similar degree of inhibition as seen with anti-cc1 mAb alone.
- Reduction of arthritic score with anti-a1 mAb treatment was seen in all mice and
. 'comﬁareS favorably with several other mAb-based treatments for arthritis such as
soluble TNF receptor Ig fusion protein (Mori et al., 1996, J. Tmmunol. 157:3178-

© 3182), anti-Mac-1' (Taylor et al., 1996, Immunblogy. '88:315-321), anti-a4 (Seiffge,

25 1996, J. Rheumatol. 23:2086-2091), and anti-ICAM-1 (Kakirtioto et al., 1992, Cell

Immunol. 142:326-337). In agréement with mAb-based data showing an important

- - role for.a1Pl in arthritis, untreated al-deficient mice showed significant reduction in

 arthritic score when compared to wild-type mice.



; MAb al one al so had a beneficial effect, resulting in a 37% decrease in the
arthritic score as conpared to control mAb-treated m ce. The conbi nati on of
anti-al and anti 20 ec2.mAbs resulted in a simlar degr i.ph bition as
seen with anti-al mAb al one. Reduction of arthritic SJ;% Zgﬂ%%ti-al mAb
treat menVOBE8¥stn in all nice and conpares favorably S& ot her
mMAb- based treatnents for arthritis such as soluble TNF receptor Ig fusion
protein (Mri et al., 1996, J. I|ninunol..3p7:3178- 3182), anti-Mac-1'

(Tayl or et al., 1996, Inurucnology. 88:315-321), anti-o 4 (Seiffge, :25
-1996, J. Rheuraatol: 23:2086-2091), and anti-I CAM1 (Kakiinoto et al., 1992,
Cell  |'nmmunol le?’ﬁja' 337). In agreenment with mAb-based data show ng an
important” ro pl in-arthritis, untreated al -deficient m ce showed
significant reduction iBffedof&iti-til S ALCRE RN (RPNt Il oy of nklikige M ce.
WD 02/083854 -51 2 OCT 2005. PCT/US02/ 11521 Exanple 10 Effect of anti-al
nAAb treat rrenxouem Jchots ;ﬁwmmdoﬂrmwc mwtaﬁdtah B} mep@vuygmlthmscormol mAd ofr om

wild-type art hr a recel | t contr anti-al
m Ab treat manfm éﬂéa‘y‘w%&amp@w i ?’gﬁoﬁf’}@ﬁ} ﬁyt‘%"’}'&? %9%‘ ¥roma 5

I trg I ted '
deronst r at 6. Popd Wi Gethol %5“3‘11?'19&%%%'??% R e Tt oc whi l e

anti - al rnAbdérhSﬁﬁﬁd%cﬁﬁsﬁiﬂMﬂlﬂgtdﬂtﬁe ¢ritirafont Echngddigits fwldigrmtiioan in
either joints or digits, Histologic exam nation showed severe changes in
control. mAb- t Prh-teated mineishpweq BitkeiSany signsief enflaamaatica insithenipis aidipts. t he

b |t th | 10 ad
oo o o B ehiek bl SN e et B HRSLIR Srl S b
prot eogl ycan hafhSextdasive irfiiieMon bfithe AIBYARALE u&ﬁia%ﬂﬁnﬁlﬂh?dt&yo&u@l , 1992, J.

| ni ntunol 1482103-2108; Terato et al, 1995, Autoi mmuni ty 22.137-147), the
maj ority ¥ Bﬁhﬁrcmmlfwlbtto thy jowt serfics, mdlrearhgimmlagedmumpm dvidengad i - al

T e o e VT oGk Nl 5o AR S, TP TS O
Devel opment  ofpahbhbr 14818052108 mﬁ el 311085 @m&%ﬁm@} 2b%3H0A9Y, Bty
i nhi bition of "arthritis by anti-al mAb occurs in the absence of |yriphdcytes.
To of the infiltrating cells in this model are nentrophils. Anti-al mAb treatment of mice
dramatically reduced the amount of inflammatory mfiltrate and the degree of cartilage
15 destruction.
7. Example 11 _
Devefopment of arthritis is delayed in the absence of lymphocytes and
;'nhibition of arthritis by anti-al mAb occurs in the absence of lvmphocytes. To
. determine what cell types might be important in the collagen mAb-induced arthritis
20 model we comparcd the ability of wild-type B6-129 mice and RAG-1-deficient B6-
- 129 mice to develop arthrms (F: g. 8). Genetlc deletion of the RAG-1 (recombination
'actlvatmg genc-l) gene results in a complete loss of mature, T and B lymphocytes
(Mombaerts et al 1992 Cell 68:869-877). Both the wild-type and RAG-1-deficient
| mlce developed arthntls though the kinetics of mduchon in the RAG 1-deficient mice
25 is 51gmﬁcantly slower (F ig. 8). Thesc results suggest that while lymphocytes are
| bmvolved in this modcl of arthnns they are not reqmred for the devclopmcnt and
-progressxon of the disease. Published reports examining the effect of the RAG-1-
deficient micc m other models of arthritis also found that loss of T and B Iymphocytes
* delayed the onset of arthritis (Plows et al,, 1999, J. Immuuol 162 101 8-1023),
30 Treatment of either wild-type or RAG-1-deficient mice with a_ntn—od m.Ab completcly

inhibited arthritis (Fig. 8). These results demonstrate that the effectiveness of anti-aLl



determ ne what cell types mght be inportant in the collagen mAb-induced
arthritis 20 nodel we conpared the ability of wild-type B6-129 mce and.

RAG 1-deficient B6- 129 mce to develop arthritis (Fig. 8? 2 gﬁrpefﬂ'ug del etion
of the RAG | (reconbination activating gene-1) gene results In a Conplete

| oss of NEAWB3BF4and B | ynphocytes (Mombaerts et al., 1RAUR{1E521

68: 869-877).. Both the wild-type and RAG 1-deficient mce devel oped
arthritis, though the kinetics of induct i_gg_i n the RAG 1-deficient mce 25
is significantly slower (Fig. 8). These résSults suggest that while

| ynphocytes. are involved in this nodel of arthritis, they are not required
for the devel opnment .and. _progression of the disease. Published reports

exami ning t heMe¥ty B@this modﬁhgn ndefd pp dhepresepre ef ympBeRass. aptiarkasor
thriti | f t hat. | f T lyn { | th t of
arthritie (b oiepeey PRliog b Smeh e B ATBMG R R NS i Dol O
ith il d-t . _ ey n IR G 1t -
Cohibi ted ar ¢ A AU hA IR SR IR b e SRR R s

ef f ecti venessand namdophidd. 1 2 OCT 2005 WD 02/ 083854 PCT/ US02/ 11521 -52 mAb in

this nodel is_not dependent on the presence of |ynphocytes, and that as
suggest ed &’-‘éﬂ!ﬂéﬁa&experi ments (Fig. 7), the efficacy of anti-al mAb in

preventing disease may ?e;‘Jﬁﬁééﬁéﬁgf%ﬁ-@éjgﬁ%@?‘{%%ﬁffggg‘;ﬁf@%%%ng cells,

such as macrophages and neutT S. 5 I response of anti-al
MAD i nhi bi ti oBirikingddttebfsiolf afti-oP {AB thedfnent bh pldvestif ArfitE, WE eABAdeddhesBAD
treatnment on preventing arthritis, we extended these studies to include a
dose response sadies ysinsludfa goserespdrist imalpsit (Fip s Differadidoses &f mAbaverai nst er ed

oLt A Bl eSS ey £ 22 2
LT 0, L oS M B e R e A et v o
21T, O O SO it 0 v
' model, while lower doses did not have any discernable effect on arthnitic score (Fig.
0 _
~‘Example 13
15 Thevapeutic treatment with anti-al mAb can decrease arthritic score.
Given the cffectiveness of anti-a1 mAb in preventing arthritis, we atiempied 1o treat
~mnice that are on their way to develop disease. Arthritis was induced in mice by
injection of a cocktail of anti-collagen type Il mAbs on day 0, followed by LPS
administration on day 3. Mice were then treated with either anti-al mAb or a soluble
.20 TNF receptor Ig fusion protein starting on day 4. Progression of arthritis was
comipletely blocked in mice rccéiﬁng.a.ﬁtzi;dl mA:b.st'arting‘ at day 4, when compared
= to mice receiving control hamster mAbstartmg 'at_'dajf 4 (Fig. 10). The degree of |
* inhibition seen with therapeutic administration of anti-a1 mAb was comblete' and was
_ equal tc; that seen with prcv::ntatiiie tfégtmenf of ariti—or.l mAb (started at day 0) (Fig.
25 10). In comparison, ireatment with TNF receptor Ig ﬁ;sidn'pfotein' from day 4
© onwards resulted in only a 60~70% inhibition in artbritic score when compared to
' qdﬁtrol Ig fusion pfotein (Fig. _10). Coini:yihed treatment of anti-cc1 mAb and TNF
'i"é(;epmr Ig fu5i0n tbgether was é_ffeétivc at" cdmpletcly. inhibiting_ a:ﬂﬁﬁc score, which
is not surprising gi#cri the complete efféc_tiveness of anti-al mAb tf_cat’mcnt alonein

30 sﬁbpressiné arthritis. In summary, these results indicate that therapéutic treatment



G ven .the effectiveness of anti-al mAb in preventing arthritis, we attenpted
to treat mce that are on their way to devel op disease. Arthritis was
induced in mce by injection.of a cocktail of anti-colligg@eTt Il rnAbs
on day 0, followed by LPS admnistration on day 3. Mce were then treated
with either anti-ccl mAb or a soluble 20 TNF receptor Ig fusion protein
starting on day 4. Progression of arthri¥is was conpletely blocked in mce
receiving anti-al mAb starting at day 4, when conpared to mce receivVving
control hamsitlesntivAb nsAlaistéffegtiod adayibRingfirtritit @dore, ldnd cdagaas faforablinko bi tion
seen with therapeutic admnistration of anti-al mAb was conplete and was
equal to tHBerapawis toeimens vathenTNFiaplgenisat ment of anti-al mAb (started at

“day 0) (Fi aradle Q). In conparison, treatment with TNF receptor Ig fusion
protein fr%ﬁ—dﬁ@—ionv\ards resulted in only a 60-70% inhibition in arthritic
score when conpared tQaRRldnmbiBgdnsit ORI BIdndif! BumsRand EaEIpIEd

- treatnment of anti-al mAb and TNF “receptor |g fusion together was effective
at cahpl et ehtegtinfAidbinhinsgqeerttchs weiecangdidred fronh fidhlength e As(emj giahg gi ven t he
conpl ete effectivenes tment alone | SUppressi ng

of anti-al mAb trea n. 30
arthritis. Y94shfiieh ¢hernilse 228K 043 0 eaptug @ A nh19G det epBitali [ 1s /&t ment 1 2
OCT 2005 - 58,wi I~ | i hAR R ritic score,
and conpar ?;20;‘5"3% g}‘%ﬁl%/m?ﬂgs’%éﬂr %6@3‘{“?@@3‘ :jgg?iée%?ﬁ%q?&f B;&Pﬁbé%nt agoni st .
Exanpl e 14 Muailicirg, G HNGE@RGEBNE Sstig@ithédttingdn spkcitio fimers,Human and rat al J31
integrin | domain sequences were anplified fromfull th cDNAs (Kern, et

al . i 1994, 5" F:AGGHTC ”B@AGzi@fT“Cé@@iFﬂ‘-Tﬁzﬂﬁ&@;' [fograre] (sgli?ﬂyo:y),@ggo, J. Cell
Bi 111, 409 ' i PCR CORE Kit;
Gooni nger AEF ARG ACFACTRENFURA PSR BT T £

- CAGGAT J CAA- 3 SEQ I D NO 7), 10
5' -TCCTCGAGSGGCT%I:A%AAETS TAT- 3' %rce)\r/\tla\?;e} ]EE_ES | D(NQ 8% , N?_%)?mroit@speci Iji c

i , 5 S'ENAEA RTAACHA SESE NOand) |
E“'rI[ECEZ'SI'CGA a&mﬁﬁé -3, 5[3 v.e i-pCEEﬂgvag%g > _T(ﬁe r)esu?'[]i ng
PCR anpl i fi(ggl(% &f ﬁéﬁ*’f @g"“if‘g el eVTEY ( Q;@&@tl-. * (Phar maci a) ,

and transforned into PRrReligR: PRROAANddprbdicOncrtaRifRl g R ini P! of |11 n

resistant col onies were screened for the expression of
15 pGEX4t-i (Pharmacia), and transformed into competent DH5a cells (Life

Technologies). Ampicillin resistant colonies were screened for the expression of the
~45 kDa glutathione S-transferase-I domain fusion protein. The sequences from
inserts of plasmid DNA of clones that were selected for further characterization were
confirmed by DNA sequencing.

20 A rat/human chimeric a1-I domain (RAH) was generated (MORPH

C Mutagenesis kit; 5 prime — 3 prime), exchanging the rat residues G91, R92, Q93, and

L96 (Fig. 11) for the corresponding human residues, V, Q, R, and R, respectively.
Clones harboﬁng the RAH I domain were identified by the loss of a diagnostic Stu 1
restriction enzyme site, and the inserts confirmed by DNA sequencing. The amino

25 acid sequence of the human a1-I domain is shown in Fig. 12.

| - Example 15

Generation of mAbs specific to the al-I domain. Monoclonal

antibodies have proved to be very useful probes in studying the relationship between
structure and function of integrin subunits. For example, mAbs were used extensively

30 to study regions of the B1 subunit associated with an activated conformation (Qu, A.,

and Leahy, D. J. (1996) Structure 4, 931-942). Thus, to identify potential probes for



-45 kDa gl utathione S-transferase-I domain fusion protein. The sequences
from inserts of plasmd DNA of clones that were selected for further
characterization were confirmed by DNA sequencing. 20 {A r@R7 ggpn chineric
al-| donw(plg was generated (MORPH Miutagenesis kit; ,@ms—z—l 3
prinme), exc%a ging the rat residues ® 1, R92, @3, and % I'g. 11) for
the correspondi ng hunman residues, V, Q R and R respectively. C ones
harboring the RAH | donain were identifieshby the | oss of a diagnostic Stu |
restriction enzyne site, and the inserts confirmed by DNA sequencing. The

am no 25 acid sequence of the human al-I domain is shown in Fig. 12.
Exampl e 15 e f b fi e al -] | , nal
anti bodi es E:‘!&g‘f"gﬁ“égfé]%‘ﬁt‘% '\9€tr8§&llljsle ﬁn[aﬂb}‘f)kb%eg‘efaﬁéds y# ﬁfg §;R)(r:"lle.'fgat i onship

bet ween st r ugimnSBPHorhsct i on of integrin subunits. For exanple, mAbs were
used extensively 30 to study regions of the 01 subunit associated with an
activated conformati on G&ueration, of aativg 1 elaimain Blondcloadl9N@ibodtes UE¢male 4,

931-942). Thus, to identify potential probes for WO 02183854 -54 1 2 OCT
2005 PCT/ US0Z2Rabesisanian Aries émhswhb#bsbwawmzwﬁammmwaﬂﬁ(m) Wih g2 Her at ed

| of .mAbs t. h - | . dgomai t : bz d [
Nohocl onal 5 ATREGA BEmep oA EEOHBIRR o b S mPiet (L P
' i zed int ' 0V BEAA B Wi - By @5 23 £t 5 AQE: (HDAY £t o 1
(Edvar ds et oy RS AP oL Bidonhrfs8 92568) SRSRIIPHTILE R, & P
1999, Bi ochenadjiivayit AS{eT288ndd)gies)Uel Weptbaotdstdd theseningdsd. pFwith 26 'iig of adjpidv ant

(Li feTechnol ogi es). They were boosted three tines i.p, with 25 jig of al 0 |
emul si fied wi ¢Rulsiied yithaipeompleteduennds’s apivyani(LifeTedmelosiss) Jge awpse wHb nouse
with the highest .anti-al,:1 damain titer s_hoo L.P. Mth 100 g of all
1 three daysg@ﬁ%ﬂﬁqegr 16“#'&@?‘8?1‘"%%8”?&?P?ﬂ%‘@h%‘u‘gﬁ@t[wtléuogﬁl%f l&i'feea | one
day prior {ho s :Spl.g, : ‘ Y\ ¥ ' at a
16 Tati o Snd g @i aff e Biouiy SAUE0 HEEFGIR! Bt b T hERT, SRl
tissue cul t ureciplvadre fuseSuithrF1a53 iiyslonwer czlls ase $ sadtid and trerechlated 4tal 00[0d0al J|

integiin by single color FACS. Prior to FACS analysis, supematants were
i ncubat ed Wit .00 per avallapto 96 well tissue culture plates.

Supernatants were assessed for binding to the alB1 integrin by single
color FACS. Prior to FACS analysis, supematants were incubated with untransfected
15 K562 cells to eliminate IgG that bound solely to the P subunit. Subsequently, 3-5 X
10* K562 cells transfected with the a1 integrin subunit (K562-0:1) suspended in
FACS buffer (1% fetal calf serum (FCS) in PBS containing 0.5% NaN,) were
incubated with supématant for 45 minutes at 4° C, washed and incubated with anti-
mouse IgG conjugated to phycoerythrin. After washing twice with FACS buffer, cells
20 were analyzed in a Becton Dickinson Flow Cytometer. 7
o Supcfnantahts from the resulting hjibridomas’ were scrccncd for
= bindingto the oI domain. Briefly, 50 il of 30 pg/ml human :1-1 domain-GST
'. fusion in PBS was cbéﬁed onto wells of 2 96 ;weli: platé (Nunc)ovcmlght at 4 C.
The plates were \;vash'ed wi'th.PBS; blacked witii i% BSA ih PBS and thc hybridoma
25  supernatant was incubated wnh the I do:fnéin'ét room tcmpcraturé for 1 hour After
extensive washing with PBS containing 0.03% Tween 20, _alké]ine phosphatase linked
anti-mouse 1gG (Jackson ImmuﬁdRcscarch) was added for an additional hour. After
a final wash, 1 mg/ml p-nitfopﬁéhylphoSphatc"(pNPP) in 0.1 M glycinc; 1 mM ZnCl,,
and 1 mM MgCl, was added for 30 minutes at room tcmper:ihire; and the plates were
30 read at O.D. 405. | | "



15 K562 cells to elimnate 1gG that bound solely to the fi subunit.
Subsequently, 3-5 X 104 K562 cells transfected with the al integrin subunit
(K562-al) suspended in FACS buffer (1% fetal calf serum(E&g)?rg'bﬂ PBS
containing 0.5% NaN3) were incubated with supernatant taér utes at 4
C, wash®O 8H¥3¥Hcubated with anti nouse | gG conjugated to phycoerythrin.
After washing twice with FACS buffer, cells 20 were analyzed in a Becton
Di cki nson Fl ow Cytoneter. Supemantants frgynthe resulting hybridomas were
screened for binding to the al-1 domain. Briefly, 50 d of 30 pg/m hunan
al -1 domai n-GST fusion in PBS was coated onto wells of a 96 -well plate
(Nunc) overnight at 4b . 4 At es TR IR dwth 1%
BSA in PBS and the hybr’%é%crtrég%gﬁ Sg’?sr%\% éﬁef%mg%%ﬂﬁl% lgghg%%whlpﬁh@ﬁg% domai n
at room t enpedapbiadent ﬁcﬂfesibnh&gblla%'gntlﬁr. ehasietie wias hbaed Withl2 1BRS gomtai ni ng
0. 03% Tween 20, al kali ne phosphatase |inked anti-nouse IgG (Jackson

| mmunoResear chrarhasyetigitodni @) canbomyftiiorésosinpedta acctoyimethylestériBEECKash, |

ngl m p- ni t rophenyl phosphat.e, (pNPP) in 0.1 Mgl ycine,1 nmv ZnCl2 and 1 mM
MO, vas addbieiestar BebED M 3%%!1@@#@*?%%0@;%%% figSes were 30
read at O B. : : _ 2o S were
tested for E)t h]gigor%legg)cf ﬁsl %t%@%%&%%r('ggrﬁﬁggﬁéfgghsgg%%%ﬁ | | agen
V. K562-al cald®sghicesd)ahétedspentidd i bidizg bulfer phisss mB4 MyGipacudinay| - 5 and 6)

car boxyf | uorescein penta acet ox mat_h%/QI( ester (BCECF;, Mdlecular Probes) in
DVEM cont ai ni erpeentzation BEA Xal 0°3rlls/mls ot piad swpamnaten was incubeted avitban|equader e

washed with bindin fer (,10 Hepe HZ7.4: 0.9% . and 2%
gl ucose) and Y‘gwggégﬁ’féda ﬁgﬁé{'ﬁﬂ%s Bﬁ‘f’?slbsrﬁﬁlgéswgl WW&%%"&?WQE t?lf“fﬁar
concentration . 3&;&91 te f S: 11ACA w th an
equal , vol ur'r%&g?fa% 16&8%5%%“%%&% e?ncalleﬁql%sﬂgg%&gﬁ "é‘mwﬂgk‘g&%he

pl at e was 10hesind tegifeticl W edllaofla tolrgon-pedtanplaetand insbxted forGdidut avgd €.
resuspended in binding buffer 10 and transferred to wells of a

col | agen- coat Bellgyyigg tncyhatianathemeneagdhersat cellp pigre rgmozqd byrwasking thesg;tivees

I ncubation,. t nt ] | S re renpv b | NG AT times wth
bi ndi ng buff e%%ﬁ%@éﬁ@%ﬁné“ﬁ%oﬁxﬁoﬁ uw 1pore). W
initially identified 19wWiaitiallyideificd 2o h | the ' Sowiidh bhghunan

| eukem a K562 cells expressing the al "Pl 1nt egri’n (K562-al) and to the al -
to buman lenkemia K562 cells expressing the a1B] integrin (K562-a:1) and to the al-

15 Idomain. The immumoglobulins were purified from each of these hybridomas and
tested for the ability 10 block cither K562-a1 or al- I domain binding to collagen IV.
The mAbs fall into two classes: those that block and those that do not block «lfl
function, For example, while the mAbs produced by clones AEF3, BGCS, AQC2 and
ATH10 bind the «:1-1 domain (Fig. 13A, data not shown for BGCS), only mAbs
20 AJH10and AQC2 inhibit a1-1 domain-dependent (Fig. 13B; Fig. 16B) or_Kssé-al
' (Fig. 13C; Fig. 16C) adhesion to collagen IV. -

B  Sequencing of the Complementarity Determining Regions. To

establish the clonal origin of this panel 6f mAbs, we amplified by PCR and sequenced
. the CDRs from 12 of the 19 antibodies (data not shown). o

25 2pgofmRNA, isolated from 10 hybridomas ( FastTrack mRNA

" isolation kit , IllvitrOgeri), Was reverse nﬁnst:ribed (Ready-To-Go You Prime First
Strand Kit, Pharmacia Biotech) using 25 pM each of the following primers: heavy
chain VHIFOR-2 (Michishita et al,, 1993, Cell 72:857-867); light chain, VKAFOR,
which defines four separate oligos (Kemn et al,, 1994, J. Biol. Chem. 269:22811-

30 22816). For each hybridoma, hcaﬁj} and light chains were amplified in fdur separate

. PCR reactions using various combination of the following oligos: 1) Heavy chain:



15 | domain. The i munogl obulins were purified fromeach of these

hybri dornas and tested for the ability to block either K562-al or al - |
domai n binding to collagen IV. The mAbs fall into two ] 2sBEE:208Hose t hat
bl ock and those that do not block cLIf31 function. For exanple, while the
mAbs pr oRELPSRPcl ones AEF3, BGC5, AQC2 and AJHLO bind ft Z‘P P52 0w n
(Fig. 13A data not shown for BGC5), only mAbs 20 AJH10 and AQC2 inhibit
al -1 domai n-dependent (Fig. 13B; Fig. 1l6B)gor K562-al (Fig. 13C, Fig. 160
adhesion to collagen 1V. Sequencing of the Conplenentarily Determ ning

Regi ons. To establish the cl ona1 origin of this panel of mAbs, we anplified

Shown) . 25 5 (HPFRER (hilfacHIE 1009, 4CREE G BOARSIIPEOSE NI ACKY
i sol ation Ki tVHleﬂK (Redbanih et M$998\&ma¢ré ﬁwﬁeﬁi)eﬁﬂﬂﬁea’quﬂﬂ'd!me)(ou Prinme
First Strand Kit,_ Pharnacia Biotech fol |l ow ng

primers: heav\}ﬂffl:fhynﬁlgﬁllglm@Qta(ll\ﬁl%&l‘%ﬁe{&‘@]t lgi 709'17§@Bf°rté@ﬁ FQB- 2857 867) |

light ch )
1002, 5. o (it MpkRbse € 85 bRl CRSIARS Eel BT M Tiel
l'ight chai ps aie VEUBACK gBaldwid el (sesu&armtu@@@mmlmawm ng various

combi nation of the follow ng olig chain OCT 2005 WO
02/ 083854 PCTYE2BA/CKi sitgos (Kem et yh( Wkﬂ&ah‘ﬁ/@meﬂﬁ%lﬂm 1928).6).profxidiao| .

Ch 270: 12 VH B 8 6,

523-935), V 5?#3‘1“' Vol bV kyerastos G (550 Gty g Stost 2, i"éﬂ%t“a%gtgg{))e J.

Cel |l Biol. 11194cre7 hh%ﬁ&m?d at 95b E@o%%clé%ic*ﬂ'mﬁh'at 840 M2 mMi e3P CV2.miangd

Ar naout , M A 72, 857 ): 2) Light 5 chain: VKI BACK (Bal dwi n

et al. (1998)7'&(1‘:‘ mﬁmrﬁmﬁcycm 1936in, atvamemel pUHIAQRA qhicig aQiagdtdyandet al .
(1994) J. Biol, Chem_ 269, 22811-22816),.or VKfrla, VHrlc, VHrle, VHrlf
(1 gnat i us 18t sequenced dippetly usmg varipnsop! the listed obges orpam ABES Hlibrapencerer e

lified (5 1 t 95 '
2 72 G and e tinal cyeEbsf K55 stodlo g oyedifl Bathiitic beaS ™
Q agen), and iﬂ&nﬁﬂlﬂ&ﬂ@tﬁé&ﬁﬂﬁlbﬁeﬂﬁhﬁéﬂd&&ﬂsﬂh@r&ﬁoﬂ@ﬂmhﬁdﬁﬁl i gos on. an

ABI 377 Sequencer Sequences from cl ones produm ng_ functi on-bl ocki ng mAbs
were nearly mwmﬁmw%mmmmm hybridomas arelona @81 ons

(CDRs) and th I n eni ng framework regi ons suggest| ng that these
hybri domas arg!'c!iﬂg#;ﬁ/y rel ated. -

5 _ Immunoblotting and FACS Analysis. Sequences of the variable regions
of the non-blocking antibodies were markedly different from the clonally related

tfa_mﬂy of séquénccs found for the blocking antibodies. As the blocking antibodies
appear to originate from a single clone, we chose two (ATH10 and AQC2) to

‘characterize further.

20: _ Immunoblottmfr The smooth muscle cell layer dlssected from sheep
"-‘Zaorta, and K562-0L1 cclls were extracted with 1% Tnton X-100 in 50 mM Hepes, pH
7'.5.’ 150 mM NaC_l, 10 mM pheny_lmethylsulfonyl ﬂound_e (PMSF), 20 pg/ml
apfbtiﬁiﬁ, llQrpg/x‘nri Ieupcptin, 10 mM ethyl-ened.i.amixietenjaecetic acid (EDTA).
| | Samples were guiﬁjected to 4-20% gradientVSD-S-PAGE and electroblotted onto
25 mtrocellulose membranes. The blots were blocked with 5% dry milk in TBS; washed
o 1n TBS contammg 0. 03% Twccn—20 and incubated with antlbodles in blocking buffer
| contammg 0.05% NaN for 2 hours. Blots were then washed as before, incubated |
with horseradnsh peroxxdase conjugated anu-mouse IgG for one hour, washed again
| and then treated with ECL reagent (Amcrsham) Blots were then cxposcd to film
_ 30 (Kodak) for 30 to 60 seconds, and developed.



Exanpl de. 16 15 I mmunobl otti ng and FACS Anal ysis. Sequences of the variable
regions of the non-bl ocking antibodies were narkedly different fromthe
clonally related fanily of sequences found for the bl bdkDa§ 2hi bodi es. As

t he bl oGk asresxedd bodi es appear to originate froma singpEr/64®@igs21Wwe chose
two (AJHLO0 and AQC2) to characterize further. 20 I=unoblottina The snpoth

nmuscle cell |ayer dissected fromsheep aorta, and K562-al cells were .
extracted with 1% Triton X-100 in 50 mv $¥€pes, pH 7.5,150 nM NaCl, 10 niv
phenyl nmet hyl sul fonyl flouride (PVMSF), 20 g/m aprotinin, 1Qtg/m |eupeptin,
10 mM et hyl enedi am netetraacetic acid (EDTA). Sanples were subjected to

4-20% gr adi ent SDS- PAGEnmafieblettigg ahidPAOS taaal ysis (Bigl b4)riehionstedtd thhOAFI10
menbranes. The blots were bl ocked with 5%dry mlk,in TBS, washed in TBS
cont ai ni ng 0regWithchumao rabbiidand-shetpabeichohiratio | §Atinteean seggestingtlat Hieng buf f er
containing 0,05% NaN3 for .2 hours.. Blats were .then washed..as before
ncubated” wPRRKRE RS Bdfo o iiened SaRientya Bhe ForeHroBEe P RTHE one
hour, washed 703 Were ABither it AERIREhoBIotih Sidr K@ ARG Macl MIBEHRLBRTLtheB! Ot S
were then. exposed to film 30 (Kodak) for to 60 Seconds, and devel oped.
WO 021083854 thab hut@nOCT 2005 PCT/ US02/ 11521 | munobl otting and FACS anal ysi s
(Fig. 14) deﬁnstratg that AJH 10 reacts with human, rabbit, and sheep, but
not rat a | RX grin suggesting that the blocking mAbs bind to an

evolutionarily co : Lipe | noIY- bl | S. were

nei ther efficient %zfjl)i@g{ltr?gb of{f?'ﬁgh?\%‘?ﬁtgg%bﬁhdg‘g&}?’gggﬁ%ﬁ%@%gci es otber 5
than human. . Exanplge 17 mirjfdnieh 8 thelag- Pliomains.domain to col I agen is dival ent
cation-dependent A. Puy fication of the a] -1 doynains. The al -1 donains

were expressed in E. cdhe odsl degfaifsgher\bxprassedin E0cdli asrGSB(glutatbjont8si on
D eauenceld  FRBSERSP) FiGH PEUFISS SRACHHOE f ASHIH 165agk BEF R BRI HAL oo
g;‘t g ngi' y g’: ;t \?\Hq?ﬁ% FERRYUARE stferfidt Fond ERT{RE W2 PRI £ foadd®Sniyas hed,
‘glutathione Sepharose 4B column (Pharmacia) which was washed extensively with
‘PBS. The al-1 domain-GST fusion protein was eluted with 50 mM Trs-HCl, pH 8.0,
5mM ghnathione (reduced). For denaturation studies, the I domain was cleaved with
15 thrombin in 50 mM Tris, pH 7.5, and purified from the GST fusion pariner. DTT was
added 10 2 mM and the sample was Joaded on a glutathione Sepharose 4B column.
" The flow-through and wash fractions were pooled and loaded onto a Q Sepharose FF
column (Pharmacia). The ol-I domain was eluted with 50 mM Tns HCI, pH 7.5, 10
mM 2-mercaptoethanol, 75 mM NaCl. The purified I domain displayed its predicted
20 mass (Lee et al. (1995) Structure 3, 1333-1340, 871 Da) by electrospray ionization-
mass spectrometry (ESI-MS), migrated as a single band by SDS-PAGE, and the
_protein eluted as a single peak of appropriate size by size exclusion chromotography
on a Superase 6 FPLC column (Pharmacia).
o - B '_Fw:ctioual Analysis . .‘ _ _ , ‘
25 96 well plates were coated overnight at 4° C with. 1 pg/ml-collagen IV
- (Slgma) or c_;ollag_en Type I{Collaborative Biomedical), washed _w_ith Triton buffer
 (0..1% Triton X-100; 1 mM MnCl,; 25 mM Tris-HC; 150 mM NaCl), and blocked
with 3% bovine serum albumin (BSA) in 25 mM Tris-HCY; 150 mM NaCl (TBS).
Serial dilutions of the a1- I domain-GST fusion protein in TBS containing 1 mM
30 M_nCl; and 3% BSA were incubated on the coated plates at room témpcralurc for 1

. hour, and washed in Triton buffer. Bound a1- I domain was detected with serial



PBS. The al |l 4domai n-GST fiiejun protei.n was cluted with 50 nM Tris-HC, pH
8-0, * 5 nM ghnst None (reduced). For denaturation studies, the | domain was
cleaved with 15 thronbin in 50. n-LM Tris, pH 7.5, and purlfled fromthe GST
" fitsion partner- DTT was added to 2 nM and the sanpl e was | dafEd 2905a

gl ut at hi one Sepharose 4B colum. The flowftough and wash fractions were
pool ed and | oaded onto a Q Sepharose FF8-col uim (Pbartnacia). The al -|
domain w4s.eluted with 50 MM Tris HCl, pH 7.5, 10 nM 2-nercaptoet hanol,

MM NaCl . Theditiens bf @@ pp/midsisiinylated pitaBST pdigcl@iad dntitioely (PRarmasia)( Lee et al .
+(199.5) Structure 3, 1333-1340, 871 Da) by el ectrospray ionization-

ma~s: spect oA Figing rosperadysh Pefﬁiﬂéﬁ%t@tg% uqu,-]gff(g)ﬂgaﬂ;ﬁlsogpng}ygng,&@d and t he

t | t |
Ehr orot ogr AhGH 284 3% BACHE B BB B R RE B aRd B BBl C, el
Anal ysi s. ZBlfofiie v}whércé)l P AEs WeeGeHPARD, Wﬁbrﬁ‘hﬁh&rogoté'ﬁa@r\(Mdlecular

‘gg/intcol lagen r (Sigma) or collagen Type I|IfCollaborative

Bi onelli cal )Devigashed with Triton buffer (0.1% Triton X-100;, | mM Md ,;

25. MM Tris- HC ; };ﬁso mM NaCl ), and bl ocked w th 3% bovine serum al bunmi n :
(13SA) in 25 M5 Ha . 150 nM NaQl (TBS). Serial dilutions of the al- |

domai n- GST fusion pr 'ﬁ\]uhéh FH3aFERYPIARHAY 16 a1 HaGhhain@ ke % BSA ver &

i ncubated on the coated plates at om t enper at ur our, and washed .

in Triton haxbfesked IBQTIRG/ads-GST-dauidn provéss deltpreified owerd glusieios scﬂ\hﬁow 2005
-58 additions of 10 g/m biotinylated anti-GST pol ycl onal anti bod
~(Phar naci a)Both pxeteins warhexasrined ibgwln&tiow@ilmef a(ngllyrfwngﬁ Yagiasign o1 3m00 i n

TBS ¢cont ai 3% d 1 St p
50 e S B AP SRR G Rl 7 e (19980 Bross Nl e 1 e
O D. 4040 8ciMsHuaR! abEr 7L Rpdey. TlMﬂtﬁﬁéH &I Idém%\ﬂlﬁ@ssc)ollaéiﬁﬁw {sth_The
hurran and rat (95%idenfity to humman) al-1 donmains were expressed in E.
coli as GSToeftteseffiviqueptimnisllaga IHig. 16AY A atibgly spedifiotuethe efHatonsn, Bot h
proteins were examned for binding to collagen | and IV using a varjation of

an 10 ELI SAuaeten aﬁﬂ»&ﬁy ﬁpwﬁfbwsthgf oddsiomaiietig. APB) Abrogated bindipgto oth 5
g.lgg? C(F))Ir Fglb%aﬁ b:lata ﬁ‘h col1agen Iis 1 shg\%h) 196% MaVa84 Mg":rsrhmtnatng%lnad%ngl, dOﬂ’B.I n
15 and EDTA reduced binding to background levels (Fig. 15C). No measurable
differences in ligand binding were detected between the human and rat a1-1 domains
suggesting that the sequence differences between species are not functionally relevant
(data not shown). Thus, the a1-I domain, specifically, require cation for efficient
ligand binding. '
20 - Example 18
C A Cation-Dependent Epitope Resides near the MIDAS motif. We
exploited the observation that ATH10 recognizes the human, but not the rat al-I
domain sequences to map the epitope for the a1p1 function-blocking mAbs. The
human and rat sequences differ by only 12 amino acids, 4 of which lie in a stretch of 6
25 amino acids (aa 91-96,-‘Fig. 11A) adjacent to the critical threonine (Fig. 11A, aé 98)
within the MIDAS motif. To test the hypothesis that the 6 amino acid residues, Val-
Gin—Arg—Gly-Gly-Arg (residues 91-96 of SEQ ID NO:64), comprise the epitope for
the blocking mAbs, we constructed a chimeric I domain (RAH), exchanging the rat
residues G91, R92, 93, and L96 for the corresponding human residues, V, Q, R, and
30 R, respectively. AJH10, along with all the function-blocking mAbs, recognizes the

chimeric I domain (RAH; Fig. 11B).



better efficiency than collagen | (Fig. 15A). An antibody specific to the
al -1 domain, but not an antibody specific to the a2-1 domain (Fig. 15B)
abrogated binding to both Iigands (data for collagen | is n hown) . Both
M2+ and Mg2+ stinul ated binding, 15 and EDTA reduced bit{di 3@0590 backgr ound
| evel s (Fig. 15C). No neasurabl e dlffer%gﬁes in ligand binding were detected
bet ween the human and rat al -1 domains ggesting that the sequence

di ff erences between spgcies e not, , functi onal | dat.a ,not shown).
Thus . the al -1 dommi n TS pegribearrydsesanth Pt bh MERS frhBRaRie | | gand

bi ndi ng. 20 Exanple 18 A Cation-Dependent Epitope Resides near the M DAS
notif. W exploited the observation that AJHLO recogni zes the human, but

not the rat al-1 domain sequences to map the epitope for the al [31
function-bl ocking mAbs. The human and rat sequences differ by only 12 am no
acids, 4 of which lie in a stretch of 6 25 am no acids (aa 91-96, Fig. 11A)
adj acent to the critical threonine (Fig. | 1A as 98) wthin the M DAS
notif. To test the hypothesis that the 6 am no acid residues, Val-
An-Arg-Ay-Gy-Arg (residues 91-96 of SEQ ID NO 64), conprise the epitope
for the blocking mAbs, we constructed a chinmeric | domain (RAH), exchangi ng
the rat residues @ 1, R92, (®3, and L96 for the correspondi ng human
residues, V, Q R and 30 R, respectively. AJHLIO, along with all the
function-bl ocki ng mAbs, recogni zes +he chineric | domain (RAH, Fig. 11 B)

1 2 OCT 2005 -58a To orient these residues wth respect to the M DAS domain
in the WD 02/083854:. -59 2 OCT 2005 PCUUSO02/ 11521 tertiary- structure of
the al-'1 domain, we nodeled the (xi-I donmain~using the coordinates of the
cr(ﬁ;al structure of the 0:2 | domain. A honology nodel of the human al
-dofain was built using the X- ray crystal structure of the human a2
1-domain (Ward et al. (19 89) Nature 3 41, 544- 546). The nodel was built.
usi ng the' bornol ogy nodeling nodule of Insight 11 (version 2.3.5; Biosyrn
Technol ogi es). The program CHARMM (C ackson et al.



(1991) Nature 352 624-628) was used with the all-hydrogen paraneter set 22
w th a distant dependent dielectric constant of two tines the atom
separation distance. W first did 1000 steps of steep ﬁ§3ﬁ@$
nininizg%%gﬂs h mass-wei ghted harnonic 10 p03|t|ona Q t nts of

| keal / ( “on all atoms of the a 1 -1 domin. ThlsPQWPﬁVHF?étlon was
foll owed by another 1000 steps of steepest descent and 5000 steps 15 of
Adopt ed- Basi s Newt on Raphson with constrgints of 0. 1 kcal/( nolk) on the
C-(x aions of the (xlI-I d:Qnain to avoid significant deviations fromthe
cc2-1 domain X-ray crystal structure. The (APl and (x2p | integrin

et e oviRay Serctife ol T ot afman,gr magiiad e i) foman sHE R The met al
coordi nati O@oo%éﬁtteﬁﬁfﬁl %Wg&tlggﬁt{ffqe%?tﬁé]&iﬁﬁﬁ' n the ecl-1 donain as in the

a2-1 domain € residues conpri I3 epi tope for the bl ocking
rnAbs Lie on a | oop batwmesofehblelGrtheaniitd i r-@eﬂnmmbﬁmsﬁiglﬁewe
threonine 20 within the MDAS notif critical for cation binding. The 0 -1
domai n nodetayprystil stractuteldthe ﬁmnmﬁiadnmhmn@éad@f al QB8O Narrd 3410544y dr ogen
bonds with the carbon oy 133, the residue adjacent to_S32. Thus,

t he Ioop thé‘f‘G)ca‘llilPﬁlicﬁél ngéb‘é |“§’<§‘18éh?11é‘§m ogy medekngyapdya af Insighe I 1,

oLy 121 khl4 BAO SOhOR ol e 7L A MR RO 02 (1 e

identify th(a199m:N@zm~em $241628)0R 85 €08 AlitNGie all g dfdgay parameict kgL vihed ns of
this antibody, total -cel|ular RNA from AQC2 nurine hybridom cells was

obt ai ned bydu@anandgnA@hcmwm efi twioi timgsrtheyatomr sgaraon d\hstﬂhcft h¥e

manuf acture cDNAs encqdi ng.,.t-he.var.i ons of 30
the heavy sl MO0 Ses Al enetl bl Amn R oBCRY Pain Fuele Sarmich

using ajg &mm&yﬁﬁaﬁuﬁ Rl APRI 411 Sidfk 8PHSYALEDGh msst Strand.
CDNA 1 2. 2005 WO 02/ 083854 ISCT/U 02/ 11521 -60 Synthesis follow ng the
manuf act ur emtismiztionmwes deltbveddtyoamother Rﬁ@maapdﬁmwapcs$desmemtemd§éﬂo Btops pri m ng.

The heavy chajn.varjahl e domajn _ of mA was anplified
Y of A dopted-Basqs Newton Raphson w1t%?:%nstramts 01 0.1 keal/( mol f 2y on the C-a.

' atoms of the a1-I domam to avo1d sl gmficant deviations from the ¢2-] domam X-ray
crystal structure.
15 The c1f1 and o2B1 integrin sequences exhibit 51% identity with no
 insertions or deletions, suggestin;g. that the overall structure of the two I domains will
be similar. Thé metal coordination site is predicted to be the same in the al-I domain
as in the o:2-1 domain, and the residues that comptiée the epifopc for the blocking
| _mAbs lieona loop between helix o3 and hehx o4 which contams the threonine
| | l 20 | iw1thm the M]DAS motlf cntn:al for cation bmdmg The acl-1 domam model predicts
| | that the am1de mtrogcn of Q92 (Fig. 11A) hydrogen bonds with the carbonyl group of
'133 the rc31due adjacent to 532 Thus the loop that contains the epitope may play a
functlonal role in stablllzmg the MlDAS region.
Example 19 .
25 Monoclonal antlbody AQC2 (ie,  mAQC2; “m“ for murine) (Example
' 15 supra) is an IgG,, kappa antlbody To 1dent1fy thc nucleonde sequences encoding
the heavy and light chains of this annbody, total ccllular RNA from AQC2 murine
hybndoma cells was obta.med by usmg 2 QIAGEN RNEASY midi kit in accordance
with the manufacturer’s instructions. Then cDNAs encoding the variable regions of
30 theheavyand light'chains were cloned by RT-PCR from total ccilular RNA using a
GIBCO BRL SUPERSCRIPT Preamplification System for First Strand cDNA



fromthe first strand cDNA with the priners: 5 TGA GGA GAC. GGI GAC CGT 5
(30C CCT TGG CCC C 3" (SEQ ID NO 11) and 5 AGG TSM ARC TGC AGS AGT COWG G
3" (S=CU G MAC, REA/G and WA/ T) (SEQ ID NO 12). The PCR was subjected
to 30, cycles using Contech's Advantage Taq pol ynerase] 20863t 0 30 sec at
94C, a,ﬁ &R in at 50C, and elongate 1.5 mn at 68C. QPT84 | ght chain
wth its S?os%sglﬁﬂ sequence was anplified by PCR using theil-%uf:“liurners:2 " ACT, AGT
CGA 10 CAT GGA TTT WCA GGT GCA GAT TWI GAG CTT C 3" (WA/T) (SEQ I D NG 13)
and 5° ACT GGA TGG TGG GAA GAT GGA 3' {&EQ ID NO 14). The PCR was subjected
to 30 cycles using Stratagene's cloned Pfu pol ynerase: denature 1 mn at
94C, anneal | mn at 50C, and elongate 2 mn at 72C. The PCR products for
the heavy gafghebis FMowilA kIS m¥RIR:tGRE s Péoldrh@ded pidistol RhimFaM&QAdN CK gel
extraction "15 kit follow ng the manufacturer's recomended protocol.

Purifi ed heavyustddonppmoguct was subcloned into Invitrogen's pCR2.1-TOPO TA

vector using its TOPQ,TA cloni ng ki urified |ight chai ubcl oned
into Invitrogen' s p Wm%ﬂ@v@&fmwa?m@%%s WHH@%@ERCI oni ng
kit follow : ARauf, Ael CHANBRN : m 20
mul tiple i nﬁgygf)g%g-ént' s*uggP%hi\AegV-n\i}eﬂﬁe sequé??&ftﬁgﬁ%gg%ﬁtgﬁpof
degener &t e GROTCT WEG GCOC 68' (SB) BERMi D)ends' AGE TIM ARC ISWAGSAGHT t he

i ndependent: subcl ones _were jdertical. The polypeptide sequences of mMAQC2
wer e deducEdVEr G (e, Mt/ g R-adg itk WA/ TSR HENG A, HwiliR a6 d

sequence f Q[ Lk > L i 1 spred) ro nce from
Cha pen pr SukibnEg S eics Biie ORI RIGHAREE Tad ol BhelellE GIRMSAUET
N-term nal as@4RCSREReaVN miifat 50T and\lodghte 3t mihaias°deThy ath OCD Mehehagn

degradati on (DVKWESGG "SEQ 1D NO 15) . BLAST anal yses of -the variable
domai n_seqidiciéssigei Sequeper Warcdmplifiad, RBivsing tha pienerst 9. ACRAGEIGBApt i de

ot 2000 woAbFthies BEH ROk SR TR M B rcsasson
HVEWYQQKPK N# 3 :éfaﬁ%f’\ﬂdk GEENPEIYBNGRATEIGEL BTEGHEAG: 148 1 TRAPEXYCQQNV
SCGNPW'FGEG TKLEI K 106 '

, ‘was subjected to 30 cyclcs usingVStratagene’s cloned Pfu polymerase: denature 1 min

at 94°C, anneal 1 min at 50°C, and elongate 2 min at 72°C. The PCR products for the
'Vheavyr and iight chains were gél—puriﬁed using a QIAGEN QIAQUICK gel extraction
15 kit following the manufacturer’s recommended protocol. |
Purified ﬁeavy chain product was subcloned into Invitrogen’s
| pCR.'Z.l-TOPO TA vector using its TOPO TA cloning kit. Purified light chain was
subcloned into Invitrogen’s iJCRbluntHTOPO rvector using its Zero biunt TOPO
" cloning kit following the manufacturer’s recommended protocol. Inserts from
20 multip.le independent subclones were sequenced. With the exception of degenerate
~ positions within the PCR primers, the insert sequenc;as of the independent subclones
" were identical. | ' | ,
|  The polypeptide sequences of mAQC2 were dediced frorﬁ_their coding .
sequences. The N-terminal amino acid sequence for the mature light chain prédicted
25 by the cDNA sequence from the PCR product amplified with a signal seQile’nce
‘exactly matched the N-terminal sequence of purified mAQC?2 Ii ght chain derived from
' Edman degradation (DVKVVESGG; SEQ ID NO:15). BLAST analyses of the
variable ddmain sequences confirmed their immunoglobulin identity. '.
The polypeptide sequence of the light chain variable domain of
30 mAQC? is shown below:



(SEQ ID NGO 1) 5 The CDRs are shown in boldface. The CDRs are defined
according to Kabat et al., Sequences of Proteins of Im"%?ﬁb&gi% I nt erest,
5th Edition, The United. States Departnent of Health an 00%er vi ces,

The Unit.e tes Governnent Printing. Ofice, 1991. L dhe<fabat
nunberli“}n(g&éo?é em SEQID NO 1 is represented as.. fol ILi?)(i:/\"}ts},gSJ2 g?ié a dash

denotes the absence of an am no acid: 101Q VLTQFPALNMSASPGEKVTMICSASS- SV
NHVFWYQQKP 41KSS. PKPW YLTSNLASGVPARFSGHISGTS YSLTI SSMEA
81EDAATYYCQOWNEGNPWIFGGGTKLEI K 107 The pol ypepti de sequence of the heavy
chain variabl e domain of 15mAQC2 is:. 1DVKWESG GG

LVKPGGSLKLACAAS BASNWREE A JAREKR: EWAATE 8T Y Y & SRONAKNTL YL
81QVESLRSEDT AMYYCTRGFGDGGYFDVWGEQGTTVTVSS . (SEQ | D NG 2) The CDRs are
shown i n botdf acBEKRIE} gl t hSNIAREGHPARIMBEIGIEFCYSY enf LBESENERBIO 2 i s

represented_as f er L1 ons S consecutive nunerals
unl ess ot het wi é@#ﬁ%%%d:gﬁm %%QCAASGZSFSRYTNBWRQ
41 PEKRLEW/ATI myﬁﬂ_ﬁ@ GRFTTI SRDNAKNTLYL 2581QM 82a- cSSL

WO 0

83RSEDTAMYYCT /083854 1 - 62 100a-b YF 1.01 DVWGQGTTVT VSS 113
12 OCT 2005 PCT/US02/ 11521 As used herein; residue position nunbefs of

e St s B Th BRSBTS KA Qumber o
Sequences of Proteins of Immunological Interest, 5th Edition, The United States
Department of Health and Human Services, The United States Govermnment Printing.
Office, 1991. Using the Kabat numbering system, SEQ ID NO:1 is represented as,

_follows, where a dash denotes the absence of an amino acid:

10 1 QIVLTQFPAL MSASPGEKVT MTCSASS-SV NHMFWYQQKP
41  KSSPKPWIYL TSNLASGVPA RFSGSGSGTS YSLTISSMEA
81 EDAATYYCQQ WSGNPWIFGG GTKLEIK 107

The polypeptide sequence of the heavy chain variable domain of
15 mAQCZis:

) DVKVYESGGG LVKPGGSLKL ACAASGFSFS RYTMSWVRQI

41 EEKRLEWVAT ISGGGHTYYL._DSVKGRFTIS RDNAKNTLYL,

g1 QMSSLRSEDT _AMYYCIRGFGV.DGGYFDVWGQ‘ GTTVIVSS
(SEQIDNO:2)

- 20 The CDRs are shown in boldface. Using the Kabat numbering system, SEQ ID NO:2

is represented as follows, where positions numbers are consecutive numerals unless

. otherwise hldicafed;
1 DVKVVESGGG LVKPGGSLKL ACAASGFSFS RYTMSWVRQI
41 PEKRLEWVAT ISGGGHTYYL DSVKGRFTIS RDNAKNTLYL
25 81 oM
82a-c SSL

83 'RSEDTAMY YCTRGFGDGG



. Exanple 20 This exanpl e describes the generation of a murine-human
chimeric .antibody, chAQC2. .10 The cDNAs encodi ng the:variable regi ons of
the mA. QC2 heavy and light chains were used to construgg gg;f\%expressi on
vectors, in which the mAQC2 variable regions were linked tO0 h n 1gG and
kappa WShe&¥eA%54r egi ons. The heavy chain chinera was conB¢FUEREAHs f ol | ows.
A 0.33 kb Pstl-BstEIl fragment fromthe mAQC2 heavy chain plasm d pANDO83
was subcloned 15 into the phosphat aseq6%._82 kb Pstl-BstElIl vector fragnent
fromthe 5a8 heavy chain pl asm d pLCB7, S0 as to add a mari ne heavy chain
si gnal - encodi ng sequence and a nurine splice donor site to the cDNA of- the
MAQC2 heavy Qai %variﬁb_l e region. 5a8 is a nolecularly cloned CD4-specific
mAb (see,'-'e.l'é.ja' 00 al., 2002, Toxicology 172:191-203). In the mature

heavy chai nygqncoded byviigeteswl t ¢als pl.asghd 20 (pAND092), the N-term nus
differed by five residues fromthe Nterm nus (DVKWE, SEQ ID NO 16) of:

t he cognate mAQC2 heavy chain.. To correct the heavy chain N-term nus,

pPpANDO92 was subjected,to ni que sjte elimnation (USE t agenesi s using an
USE nut agenesis kit (APBS n.pRsihe Bpsitinh Bk ol grEBlsidegiatsare |
manuf act r eg..s, LEGGITERY & : :

QBE subst | ¢ dusrepated ML gﬁggﬂg@@@%ﬁ; %u%%“?gc@r‘] %étﬁgun‘g?gsg%eﬁg CCA GGT GCC
CAC TCC - GAGndeateBAG .GTG GIG GAG TCA GGG GGA G&C TTA GIG 3' (SEQ ID NGO 17).
Mut ated plasm d clones were identified by their new AatU and Hiriti sites
and el i ni naExampladl si'te. The heavy chain coding sequence was then

SANDOSA. Tho 043 kb T FERPRBT T Lshaie e B RE el Bhgeds 7 0

Hi ndl i.l - Not ntfboagrebAiQdy, om t he pl asmi d pEAG64 (contai ning a codi ng sequence
for 1 2 OCT 2005 WO 02/ 083854 PCT/ US02/ 11521 - 63 a human |1 gG constant
regi on) 1Qer e subcl onelhd ¢RI As wacading thsivadal)e regome 96 theam AR Heaviend ved from

e L
EcoR 5 fragii rekioaiiviiRaintb@Xehhmah g hal Raprarcoadth régomd. n pl asm d pANDO81
e : The heavy rchain chimera was constructed as follows. A 0.33 kb
- PstI-BstEIl fragment from the mAQC2 heavy chain plasmid pANDO083 was subcloned
15 into the phosphatased 2.82 kb PstI-BstEIl vector fragment from the 5a8 heavy chain
. plasmid pLCB7, so as to add a murine heavy chain signal-encoding sequence and a
murine splice donor site to the cDNA of the mAQC2 heavy chain variable region.
5a8 is a molecularly cloned CD4-specific mAb (see, e.g., Boon et al., 2002,
Toxicology 172:191-203). In the mature heavy chain encoded by the resultant plasmid
20 (pAND092), the N-terminus differed by five residues from the N-terminus
(DVKVVE; SEQ ID NO:16) of the cognate mAQC? heavy chain.
To correct the heavy chain N-terminus, pAN'D09.'2 was subjected to
unique site elimination (USE) mutagenesis using an USE mutagenesis kit (Amersham
" Pharmacia Biotech) following the manufacturer’s recommended protocol. The Q1D,
25 Q3K L4V, Q5V, Q6E substitutions were encoded by the mutagenic primer 5' GCA
CCA GGT GCC CAC TCC GAC GTC AAG GTG GTG GAG TCA GGG GGA
GGC TTA GTG 3' (SEQ ID NO:17). Mutated plasmid clones were identified by their
-~ new ‘Aatll and Hinfl sites and eliminated Pstl site. The heavy chain coding sequence
*‘was then confirmed by DNA sequencing. The correctly mutated plasmid was called
30 pANDO094. The 0.43 kb Notl-Hindlll fragment from pAND094 and the 1.21 kb
HindlI-Notl fragment from the plasmid pEAG964 (containing 2 coding sequence for



subcl oned into the phosphatased 2.7 kb vector fragnent ofthepUCGderi ved
PNNO9 cloning vector, to add a 5° Noti site. The resultin asmd,

PANDO9I , was subj ected to nutagenesis using the Aner$f2a®[:%8%]ﬂﬁlt (supra) to
|ntroduce a site at the 3 end of the coding se%@qﬁ% t%g mut ageni ¢
pri mer WM& sequence 5'GGA G3C 1.0 ACC AAG CTG GAG ‘ GCT GAT
GCT GC 3 (SEQ I D NO 18). The correctly nutated plasmd was identified by
its Bglll and BstYl site changes. The &Oght chai n codi ng sequence in the
resul tant plasm d pAND0O93 was confirnmed by DNA sequencing. Then the 0.44 kb

Notl-Bglll light chain variable domain fragrrent from pAND093 and the 0.68
kb Bcl1-Notl fragment fromthe plasm d, pEACO &Tgntal ng a codi ng
sequence f dyhum cR %Wﬂ“@'ﬁtw%ﬁ%ml%ﬁé@tame §o §ubc| oned into

t he Nod sit gw LRt e an
unbl ocked @%d}ﬁ%?@fgﬁ@ﬁé%%’ﬁﬁ@%gﬁﬁ&éﬁ | ec?%egﬁ't i) nmut agenesi s
Wi th the myjlagetiveasmaned pANDIGAT AAT GTC CAG GGG AGA AAT TGT TCT CAC CCA G

3" (SEQID NGO 19), to introduce an Xml site. The nutated 20 Iasmd was
i dentified by screeniHey kgt %Hmef%ﬁ*’@%g@wm@eﬂsﬁﬂ‘ewh Ry1946dbaligoRIsequence

b Not | - i tFierfe R Ee iy RobP i i Rk e PR PR SR nd e . 65

kb Bel |- NOtdubélbﬁ@i‘ﬁfﬁ thieh bRsdd 23 &b Jedd dteﬂﬂfee[m-aaq@dfwmy kappa
i ght chain constant dm)‘qv\ere subcl oned into the Nod site of pCH269,

produci ng- 2Borphgsedter, Fradtood ] Oﬁﬁlteg dihe resulingnbaord ANDOM, sas selxpcrted;su on

PANDLO3.,  antd PERAEE it BeckirRdR LREp Ao Rootms NGB | g
chai n vect oy RARORAlng @Y encE T ARRLESE Sircl 1 B3 EENA oeida e

transfectants were te for antibo pecificity. The
control 0 \ABQ&@CQ%AGSCTGM@&E@?HM CGG@@T(@AT&@’E}G@] HSEQADMNDI 8N t hout an

T W%ﬁ%wﬁ&e%%v%s&g&tﬁ%ﬁq e sigehaea | 838?ﬁ, >

€. 9., El staenethgh codigd Efc!q rREH {Qﬁf&@% a El 1 (a
nol ecul arly gg] onedc?_‘llﬁ g{éqsf)eccl rr%a%] @c?nlubéj 853 on E“own ng et al.
1996, J. BiDbNA sehmmeiriz/ ]I.’lﬁdﬁ%.&ﬂ@&&))ﬂ-Bng light chain vanable domain fragment

- from pAND093 and the 0.68 kb Bell-Notl fragment from the plasmid pEAG963

15 (containing a coding sequence for a human kappa light chain constant domain) were
- subcioned into the Notl site of pCH269 (supra), producing plasmid pAND102. To

create an unblocked kappa light chain (Q1E), pANDO093 was subjected to USE
mutagenesis with the mutagenic primer 5' CAT AAT GTC CAG GGG AGA AAT
TGT TCT CAC CCA G 3' (SEQ ID NO:19), to introduce an Xmnl site. The mutated

20 plasmid was identified by screening for an Xmnl site change. The light chain
sequence in the resultant plasmid pAND097 was confirmed by DNA sequencing. The
0.44 kb NotI-Bglll light chain variable domain fragment from pAND097 and the 0.68
kb BclI-NotI fragment from the plasmid pEAG963 (contairiing 2 human kappa light
chain constant domain) were subcloned into the Notl site of pCH269, producing

25  plasmid pAND098.

To generate chAQC2 antibodies, expression vectors :(c'hAQCZ heavy
chain vector pAND099 + chAQC?2 light chain vector pAND102, and chAQC2 heavy
chain vector pANDOQ9'+ chAQC?2 unblocked light chain vector pAND09S) were
co-transfected into 293-EBNA cells. The transfectants were tested for antibody

30 secretion and specificity. The controls were cells transfected with the corresponding

vectors without an insert or with DNA constructs encoding ch5c8 (a molecularly



Thentransfectants with. the desired anti body secretion were lysed, and .5
protein, A imunoprecipitation was perfornmed on.the | ysates and conditi oned
medi um Western blot analysis pfthe precipitates performed with anti-human
heavy and light chain antibodies indicated that chAQEZ- Q(Ingfpgct ed cells
synt hesyg@slogsy efficiently secreted heavy and |ight chgrisgsediiskevel s
simlar to ch5c8-transfected and c¢.hCB.El 1 -transfected cells. Further,
huVLA- | - expressi ng K56. 2al cells were stained 10 . with the conditioned
medi um fromthe transfected cells, and-BAGS anal ysis was perfornmed on the
stained cells. The results indicated that the chAQC2 anti body produced
staining patterns simlar to. those of mMAQC2, while conditioned nedia from
mock-transf ehediCBING4-chénifie mfdnddseritieddn,aed.) Blstenet £1d 2001 sTrahspldhaial cel | s.
Chinmeric SCZ oduced from scal ed-up transient transfection was purified
and shown ¢ aﬁﬁmw)mcwmlmmpmgaﬂypxoasql LRBRERcRcARGEETMNA B, o { her a
wi | dtype or netlca y b _ nd to VLA-1. See al so
Figs. 16A-D e(gd%e&%@é& Bléll(?&ﬁ }%ﬁ ﬁ{ﬁ"ég‘%& %?éaggg | e describes a nethod
of humani zi ng the m@ﬂemﬁ&ﬁ@@tﬁﬂ@bﬂﬁ%‘d&@i@éﬁarﬁ@)oﬁﬂﬁédﬁ&ioﬁn‘?&eﬂﬂéd,%@cz :
vari abl'e ‘domai ns. The variable domains in the |ight and heavy chains of
mMQC2 werde pmmammdpmmta&mny@npwommﬁmﬁbeéysam and gemlittangd human

b Ka FASTA. The |ight
UG AIRY. 1 it e M TS R g B AR A S et AR
89% i denti t yn4 ﬁ%}ﬁ cf&% aﬁﬁmmes% Rafd flat 804 QERLFaIRERIR §9m?c§1z§c%{cﬁs ponded
t o human .subgro wi 't

2% 1dentity ina 113 am no acid over
heavy chai neffmﬂnﬂphe:retedrheavy\mﬂ l:fcbwiﬂxrascat Mehrmmlhﬁrtothmtnmfesmbgnéup I id

e
e e

resi dues debeﬂﬁmrﬁ@dmahe $EANOR LAR3 AT reshlis indRcaTNAAAG cRADOASNAbAdS2 1

canoni cal class deternine to a large extent the structural conformation of
t he CDR ‘produced staining patterns similar to those of mAQC2, while conditioned media from

mock-transfected and ch3c8-transfected cells failed to stain K562a1 cells. Chimeric
AQC2 produced from scaled-up transient transfection was purified and shown to bind
.15 to VLA-1 by FACS titration. Chimeric AQC2 with either a wildtype or a genetically
unblocked light chain bound to VLA-1. See also F igs. 16 A-D (discussed below).
Example 21
This example describes a method of humanizing the mAQC2
. .monoclonal antibedy.
20 Analysis of the mAQC2 variable domains. The variable domains in
the light and heavy chains of mAQC2 were compared with the consensus sequences
. formouse and human subgroups (Kabat et al, supra) using the software program
FASTA The light chain variable domain was found to be a member of mouse
‘subgroup VI with 89% identity-in a 109 amino acid overlap. This domain alsd
25  comresponded to human subgroup I with 72% identity in a 113 amino acid overlap.
- The heavy chain variable domain was found to be a member of mouse subgroup I11d
- with 86% identity in a 129 amino acid overlap. This heavy chain variable domain
;’il_so corresponded to human sﬁbgroup III with 79% identity in a 130 amino acid
overlap.
30 - - The CDRs were categorized into canonical classes according to
Chothia et al., Nature 342, pp. 877-883 (1989). The key residues defining each



| oop, and thus should be retained in the reshaped anti body. The LI | oop of
MAQC2 fell into. canonical class 1 (10 residue loop), L2 into class 1 (7
residue 1oop) and L3 into class.1 (9 residue |loop). Thg @ETI 200p fell into
cl ass §g6§4%§§%due | oop) and the H2 5 loop into class 1 gfe | oop)
resi dues. -113 loop did not seemto bel ong toa anycanonlcafi ass. The
canoni cal residues inportant for these classes were all included in the
humani zed anti bodi es. Unusual frameworkggesi dues in mAQC2 were detern ned by
anal yzing Alt nouse and human vari abl e chain sequences in the Septenber
1999 version of the 10 Kabat database. It was believed that mAQC2-specific

11 o enoes ol e UEBHR TN e BUEA LR RS Ial  SRBARR A ope 111 Y

i f these dlf erences were ose I ndi n usual resi dues

further awwoﬁ;mmmhbumd:eﬁetaﬁieﬂenmesnape@miboh mahe L1 do8yeFMAIQE dues
were renoved | n case theéév\oul d create |rmunoglen| c epitopes. int

humani zed afﬂllllbwnonﬁﬁllfr $ 1 (Huesioe koopddidintsclas waﬁaduﬁlwamzibbfe 7(F),

noavy chai riie 1P hu ol i hinsBden bbtaet £ besifdeonf b toay o e

the humani zgg mblcta@sﬂlegremadeido grésnme§t'rm&ﬁyn émldtnlaeseeﬁnoaéel& glt§gi ons.

The |ight and heavy chains of wer e al i gned agai nst a nonr édundant
dat abase 't oamjetapomialslaghi The cmnmalr wgsiduesdimportantsfor theseiclasseeo weraradk r uct

t hr ee-di nensi onal . model s af fhe. mA( i ght and heavy chains. Using FASTA, .
the |ight C'H’&ﬁ’ﬁ é\k& EHWH“‘FE& ﬂﬁ\?@d%& sequence identity to monoclonal
murine antibody ab57 Q&@uﬁ—ﬁrang%@ﬂﬁ@?dﬁé&%@@%& Het\éﬁﬁme& E}f‘%l}ﬁn@ave 76%

sequence ‘identity to nmurine 6d9 Fa ragnment mol ecul ar
nodel i ng: sobll wens: ddkage vENENE cbﬂinlqum:nedsnn the, Sdplm’amrl@@ﬁ wmtoe dfthee- 25

di mensi qQnal _str res_of th t. and, eay chains_were built using
the |igdHt Krgt Agbasgo N Mashe f@?ﬁz fatnse gremfeégw@ei g The

structural r f - WA was
found to begé]{e@%odrll%%ﬁlong &t%ﬁl&@gﬁ rtﬁiﬁg re Egﬁﬁg vari a F%Sf"gég}?g‘ns t%El}i:le
appr oaches bwmdmguitedUnbmaCind@ye2 ragivmes ﬁﬁ‘mepﬁ\wfy froiarteebinding site aad cept "

mAQCZ s Mks. The first 30 approach was by honpl ogy matchi ng and the other by
usi ng conseﬁ%‘ﬁgaﬂlhlfpéﬁﬁ{aﬁ‘c“?élﬁ H’é’ééwe@rféépv?%@%‘ﬁ&%d‘gp“ﬂ)ﬁ%téch t he Kabat

dat abase, t Hﬁmﬂgﬂeﬁg%ﬂg@ﬂ& 1%6%%5%&@&)!1 I%]U%J t?aqgelivork residues

15 found in mAQC2 were 7(F), 10(L), and 41(K) in the light chain; and 4(V), 21(A), and

40(1) in the heavy chain. None of these unusual mouse framework residues were
retained the humanized antibodies.
Modeling the structure of the variable reg'ions. The light and heavy
chains of mAQC2 were aligned against a nonredundant database to determine which
-20 - structural frames to use to construct three-dimensional models of the mAQC?2 light
and heavy chains. Using FASTA, the light chain was found to have 82% sequence -
_identity to-monoclonal murine antibody ab57 (1CLOL), whereas the heavy chain was
- found to have 76% sequence identity to murine 6d9 Fab fragment (1HYY). Using the
~.molecular modeling software package SYBYL (Tripos Inc.), the approximate t-hree-f
25  dimensional structures of the mAQC?2 light and heavy chains were built using the
ﬁght chain of ab57 and the heavy chain of 6d9, respectively. The structural integrity
of the models was assessed at the console and was found to be reasonable.
Design of the reshaped variable regions. Two approaches were used
to choose human acceptor frameworks to “accept” mAQC2's CDRs. The first
30 approach was by homology matching and the other by using consensus human Ig

sequences. Under the homology approach, the Kabat database, the nonredundant



PCT/ USO02/ 11521 dat abase from NCBI, ENTREZ (The National Institutes of
Heal th), and the Incyte database were searched USi\rA\g tmﬁ war e prograns
FASTA and BLAST. The choi ce of human acceptor frane 2k de based on

seque\%go'g}agﬂgty between mMAQC2 frameworks and human fpafRaestes2( excl udi ng
f ramewor’k rom previously humanized anti bodi es) and-the source of the

anti body. The franmeworks from an i munogl obul i n vari abl e regi on gene having
a GENBANK accessi on nunber of gi: 5873306 hunan kappa subgroup | Vx-1c147)
were. eventually chosen for the light chain of the humani zed anti body

(Wl schof et al., J. linmuinol. Meth. 179:203-14 (1995)). The franmeworks

from Amul ¢ gdtabdsatinim NCHIDESHREZH The Naons gt of Healh)p acdwde &icylor
t he' heavy chain of the humani zed antibody (Huang et al., J. I mmtunol.

151::5290- 3detapassomry seaphel usingdhe snftwase prageams FAS TA argd BBl P ks The choieg egi es

Lo ot | O an St A3 BHE ke S35 st Bt ol
http: // mat B QChiftaievdkSarhubicn £4h&astka ckchrling ﬁ%é@w.ﬁ%hy}?,tevmgw ac. uk/

ubcg07s. Previous experiments have shown that it is inportant to rétain
canoni cal .. hemiagized antibodeasy arckthp sokicergf thesintibedy.and unusual nurine residues

that are close to the_binding site. In additjion, residques.in the "Vernier
Zone, " - which forns IW%‘%W%%OWWW ' 'r"é’é“qu?}i‘?ﬂﬁneg"é‘?%é?mg J. Mol.
Bi ol . -224, Ak Angh &1 QRFEN, a%#ﬁ ol dbe si der ed.
20 Four regﬁ%%l\i’% ver%‘%%%%ar\l/\ere ééré’g%g%@ﬁ)gq‘@ac tuﬁgt%\%?l a cg i ght and

heavy chai Rgre evaanllgvhosen fdetht EghtlchailVef thé hﬁiﬁ@ni&@dlﬁntilﬁﬁ?i(%&cﬁdﬁetaliph chain
wer e’ designed by honol o_a natchls‘?i‘g (desi gnat ed huAQC2-hl and -h2) and the
ot her-two JviarirshMer E6HAENL461998)e Hihsdrarearake fremiAmplell ¢Bgbat I shoul d be

not ed t.hat . e hUAQG- Nl | : al h - ¢l .heavy chain
are. i delIIQt‘-i _gg?ﬁ%gﬁ%gﬁ?gbg%dpg%%e %&JLS? ?%?a%ﬁﬁ@?t?ﬁ@% (é%er‘lj f ramewor ks
1 2 OCT 20@&ibday (Buddy &l.23 I86hunol. 151:5290-300.(1993)). |
| Back mutations of the human frameworks. Strategies for determining
which back mutations to-make are available on the Humanization bY Design web

sites under mirrored urls: http://mathbio.nimr.mre.ac.uk/jsaldan and

15  http://www.crvst.bbk.ac.uk/~ubcg07s. Previous experiments have shown that it is

important to retain canonical residues, interface packing residues and unusual murine
residues that are close to the binding site. In addition, residues in the “Vemier Zone,”
_Which forms a platform on which the CDRs rest (Foote et al,, J. Mol. Biol. 224, p. 487
~ (1992)) and those close to CPR H3 should be considered.
20 , Four reshaped versions were designed for each of the variable light and
- heavy chains, as shown in Table.l. Two of the four versions for each chain were
. .designed by homology matching (designated huAQC2-h1 and -h2) and the other two
- versions by consensus matching (huAQC2-¢c1 and -c2). It should be noted that the
_ sequences for huAQC-hl heavy chain and huAQC-c¢1 heavy chain are identical.
| 25 'I‘abler 1. Sequences of mAQC2, huAQC2, and human frameworks



LI GHT CHAIN FRI Vk-1Cl147D--M-S-SSL---V-DR--1--* huAQC2-h2 ------
S-SSL---V-DR--1-- hti AQC2-h1 mAQC2Q) VLT@PALI\/BASP&E&(@%&E@JA@Z- Cl --Q--S

-SSL--+V-DR--1-- huuAQC 2 - ¢ 2 CDIU FR2 Vk-1c1l47R L QY SN ---- - - GKA- - LL--
huAQC2- h2- - - - - - GKA- - LL-- huAQC2-hl ------ GKA------ MAQC2 SASSSVNHMF
WYQKPKSSPKPW Y huAQC2- C1------ KA- - - - - :67IjuAQCZ- C2------- GKA- - LL-- CDR2
FR 3 Vk-1cl1l47AA-S-Q ---S-------- DFT---~-"- LQP--F-----
hUAQC2- h2---S--------- DT----- LQP--F----- huAQC2- hl---S---------
DT----- LQP--F----- MAQC2LTSNLAS GVPARFSGSGSGTSYSLTI SSMEAEDAATYYC
huAQC2-cl - --p--------- DT----- LQP- - Fi.iéﬁ'r ATN
huAQC2-c2---p--------- DT----- LQP--F-=--+% anewor k Cl R3 FR4 changes
Vk-1c147--SYpT-L- ------ V;;- 25 huAQC2E¥2- - -- - - V- ééZgLSEUQA%ZNgélgS 51| 9
T e Sh SR LAy, el AL A0 ’
huAQC2-h2  ------ $-SSL---V-DR--I--
5 huAQC2-ht @ e —-- 8-88L---V-DR--1--
mAQC2 QIVLTQFPALMSASPGEKVTMTIC
huAQC2-cl -=Q-~-S-88L---V-DR--I--
huAQC2~-c2 -+Q---$-~8SL~---V-DR-~-1I--
CDRL ER2
Cw Vk-lcla7 R--Q-ISYLN = ~----- GKA--LL--
huAQC2-h2 @ ----weemew eeaeo- GKA-~LL~--
huaQC2-hl  =emmem—--e meeeae GKA-~~--=
mAQC2 SASSSVNHMF WYQQKPKSSPKPWIY
HuAQC2-¢cl  mee--om-e- ——oeas GKA------
15 huRAQC2-¢2  m-=-e==me-- eeeeee GKA--LL--
CDR2 FR3
Vk-1lcl4e7 AM-S-Q- - LR R DFT----- LQP--Fam---
huAQC2-h2  =-=m=-- - Se-mmmmo-- D-T----- LQP-=«F-~---
huAQC2-hl ~  ~e-e-e- —-- Se-=v-o-—- D-T----- LQP--F-----
20 mAQC2 LTSNLAS GVPARFSGSGSCTEYSLTISSMEAEDAATYYC
hupaQC2-c1 @ mmemmm- ee- S-----w-=- D-T-~~--~ LQP--F---~-~-
C huAQC2-¢2  =-=w=-- oo S DaT---=-- LQP--F===--
Framework
25 CBR3 FR4 changes
Vk-1cl4? ~+-8Y3T-L- = ------ V--- 25
huAQC2-h2  ----m-eae —meees v--- 21
huaQC2-hl  -~-----=== —-ee=n- V--- 19
mAQC2 QQWSGNEWT FGGGTKLEIK** 0
30 huwAQC2-cl W —ew------ - Q---Ve-- 21
huAQC2-¢2  ==—====-- -=Q---V--- 23
SEQ ID NOS: 65, 51, 49, 1, 66, and 54, respectively, in
order of appearance.
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order of appearance. 1 2 OCT 2005 -6g 5 10 15 20 25 30 35 HEAVY CHAIN. FR1
AMU1C11 E-Q------- l1Q---- RS------ TV- huAQC2-h2 E-Q-------
l1Q----RS----- T-- huAQC2-hl --Q-------- ----R—$2—UCT 2005 nAQCZ
DVKWESGGALVKPGGSLKLACAASGFS FS  huAQC2-cl - - Q_ -------- ---- RS ---------
huAQC2-¢c2 E-Q--------- Q---- RS------ kg FRZ AW Cll----A—GG---S
huAQC2-h2 ----A-G G ---- huA QC2- hI ----AGG---- M2 WRQ PEKRLEWA
huAQC2-cl - - ~AGG- —HACCE—€2 A G G=——CDRZ— VS5 =A==
TI SGGGHTYYLDSVKG FR3 AMUICL1 ------ HEAYY CHATN:N -A- --V---AS huAQC2{h2
-------- $--f----- N--A---V----- huAQC2ph| -------- S ---apg:-
N---A----V--r-- mAQC2 RFTI SRDNAKI\FI’LYLQVIS EDTAIWYCTR
AMULC11 E-QL------=IQ-----R-8~~---- V-  SNY--
huAQC2-h2 B-QL-~---~--- IQ----- R~S------ Tom  mmm--
5 huaQC2-hl ~-QL~v---- Q----- ReSmm--mmmme -oee-
MAQC2 DVKVVESGGGLVKPGGSLKLACAASGFSFS  RYTMS
huAQC2-c1 ~=QL---=m=--- Q----~ R-8---=-~-m=  —=~=--
huAQC2-¢2 E-QL-----~-~ Q----- R~S=v=mmm i
FR2 CDRZ
10 AMULC1L ~---A-G-G----§ V-Y5--8---A--=--
C huAQC2-h2 T Gl et e e
{ huAQC2-hl ~==rA-G=B--mrm mmo—emmeme—oo oo
mAQC2 WUVRQIPEKRLEWVA TISGGGHTYYLDSVKG
huAQC2-¢l . Ll C e SR et
15 huAQC2-¢2 ===-A-G-G----+ —-m--o--eeaa-aoo
FR3 . CDR3
AMULCLI ---eee-- e i N---A--~-V---AS IRFLEWS--Y
huAQC2-h2  ~=-awm-- S--mmean- N---A--r=Veo-on  —mmmemo -
hUAQC2-hl - -eca--- §mmmmamea NevreReme-Vommmn  —ccemwaen-
20 mAQC2 RFTISRDNAKNTLYLOMSSLRSEDTAMYYCTR GFGDGGYFDV
huAQC2-¢l -------=- Semr-mmo- NemaBemcVmmmo s emmmameoo
huaQC2-¢2 = -------- R R e AT T
C FR4 Framework changes
25 AMULC11I @ —e--- L----~ 20
huAQC2-h2 -~e=-- L----- 16
huaQc2-hl -e--- L----- 13
mMAQC2 WEQGTTVTVSS*** 0
huAQC2-¢1 =----- L--=-- 13
30 hunQC2-c2  -=--- L----- ' 15
*Dashes indicate identity with the mAQC2 amino acid sequence.
**Part of SEQ ID NO:1; ***Part of SEQ ID NO:2.
SEQ ID NQOS: 67, 44, 42, 2, 42 and &8, respectively, in
order of appearance.



hUAQC2-Cl =------- Seeeenn-- NN VA hUAQC2-C2 -------- Seeenn--

N--A--- V---- CDRL SNY- RYTMS CDR3 | RFLEWS--Y G:%YEEB{ R4 Frarrevvork
changes AMULCl1 ----- L----- 20 huAQC2-h2 -----L-----
----- L-woives MAQC2 WEGQGTTVTVSS*** 0 huAQC2- cI
----- L-WS)-G-ZI0 iDashes Indicate identity with the M@Zaé%mﬁmggﬁd sequence.

**Part of SEQ ID NO:1; ***Part of SEQ ID NO 2_ SEQ ID NOS: 67, 44, 42, 2, 42
and 68, respectively, in order of appegnance. 12 OCT 2005 WO 02/ 083854

PCT/ US02/ 11521 69 in all versions. (2) heavy chain: 1 E->D This back
mutation was made in hl (i.e., cl) only. 12 |->V The residue | is unusual in
human and was retai ned: ‘hﬁllwl%’%% only. 5 28 T->S . This is a vernier residue
and was retained in hl >F This is a canonical residue and was
retained in all ypighenchain:49 S->A This is avernier residue and was retained

inall versions. 93 A->T This is a vernier residue and interfacial and was
retained in all 1ePBiordis bgkgatgiorvatingde ig hd (cardniosll resi due and was

retained in.both .Si O Th A ri,abl e regi.ons .were. USE
mut ageneS|s as 13¢ %}' nﬁlCI'GSIEUCrHS fisudl in himan and was retaine :mtﬂeaﬁlfox%¥.

5 28 T->8  This is a vernier residue and was retained in hl only. :
29 V->F  This is a canonical residue and was retained in all versions.
49 S->A This is a vernier residue:and was retained in all versions.
93 A->T: - This is a vernier residue and interfacial and was retained in all
versidns.

10 - . 94.8->R This is a canonical residue and was retained in both versions.

‘The huAQC?2 variable regions were made by USE mutagenesis as
described above, using the chAQC2 variable domain plasmids as starting templates.
‘The human acceptor framework (“FR”) cDNA sequences were Kabat #737334 for the
light chain and Kabat #U00490 for the heavy chain. To facilitate identification of
15 mutated plasmids, silent mutations were introduced to change restriction sites.
Mutated plasmids were identified by the restriction site changes. The variable region
c¢DNA: sequences in the resultant plasmids were confirmed by DNA sequencing,
The bl and ¢1 versions of heavy chain (which were identical) were
" made by using plasmid pANDO094 as template. The mutagenic primers were: FR1
20 - primer 5'GGT GCC CAC TCC GAC GTC CAG CTG GTC GAG TCA GGG GGA
GGC TTA GTC CAG CCT GGA GGG TCC CTG AGA CTC TCC TGT GCA GCC
TCT GGA TTC 3'(SEQ ID NO:20), which introduced Taql and Pvull sites, and
eliminated a Ddel site; FR2 primer 5' ATG TCT TGG GTT CGC CAG GCT CCG
GGG AAG GGG CTG GAG TGG GTC GCA ACC 3'(SEQ ID NO:21), which
; ‘25 introduced a Ncil site, and eliminated BspEIl and Earl sites; FR3 primer 5' TTC ACC
'ATC TCC AGA GAC AAT TCC AAG AAC ACC CTG TAC CTG CAG ATG AAC
AGT CTG AGG GCC GAG GAC ACA GCC GTG TAT TAC TGT ACA AGA 3'
(SEQ ID NO:22), which introduced Pstl and Ddel sites; and FR4 primer §' TGG GGC
CAA GGT ACC CTG GTC ACC GTC TCC TCA GGT GAG 3'(SEQ ID NO:23),



descri bed above, using the chAQC2 variable domain plasmds as starting

tenpl ates. The human acceptor framework ("FR') eDNA seguences were Kabat
#737334 for the |I|ight chain and Kabat #U00490 for t hel geéml 08%in. To
facilit ' ification of 15 nmutated plasm ds, silen ' wer e :
I nt rodu‘gégz)f’gﬁ%ange restriction sites. Mitated plasm é’é%@ghgéint I fied by
the restriction site changes. The variable region CDNA sequences in the
resul tant plasm ds were confirnmed by DNAgsequenci ng. The hl and cl versions

of heavy chain (which were identical) were nade by using plasm d pAND094' as
tenpl ate. The mutagenic prinmers were: FRI 20 primer 5 GGI' GCC CAC TCC GAC

Crc Too Tor Bk gtk R0 KT sl TS il K0y A KbinC gl
and Pvull splaesid waddesignbteil pANEX 04. Ddel site; FR2 prinmer 5A TG TCT TGG GIT

OGC CAG GCT CCG GGG AAG GGG CTG_GAG TGG GIC GCA ACC 3' (SEQ I D NO 21),
whi ch 25 introduced aTherd vessipr of benyy shainiveae endpbympingiphANEAF04 a5 t es;  FR3

primer 5  TIC AT : I. . AAC AC G ATG
hac At crictite il B Yoo BT ARy TR R PR TGS o

NG 22), whi mxi@moplmm‘:md:mﬂ@@ﬁ@h&m@r@%a@mﬁ&%@@ GGC CAA
GGT ACC CTG GIC ACC GIC TCC TCA GGT GAG 3' (SEQ ID NO 23), 1 2 2005 WO
02/ 083854 PN:24)sehichigtraducetbanshéd Isite;rand SR Icuremep ICGAEC G 6ODGCGi t es. The

verel on'of AR I CEaRRGEEEAG B e AR S DR e o2

fol I owi ng ny{tx%aa@dcanmsET feSnd Effniitdd B AR sHECThGTeswtin@heawy dfaln CGA TTC
ACC TTC AGT. AGG TAT ACT ATG TCI TGG GIT 3" (SEQ I D NO 24), vihi ch introduced
an Accl si t plasmittiwasdRsiguatedpAND116CA CCA GGT GCG CAC TCC GAG GTC CAG CTGGIC

GAG TCA 3" (SEQ I D NO, 25 which_ intrpduced an Fspl sit el imnated an
Aat || silﬁe.- The resul-{rﬁ?’\%‘z E%‘Slﬂgaﬂ}e*’éfﬂ&gﬁn:‘ﬁf%%da%’&é@m&é’m&%‘ﬁ PANDL 15.
10 The h2 vgrsi ) =hal Y, ' | at e
W th Che 1 of FILRR st e Mtbw il IniS ER 1 BRI 2/ GAT TRAR ROl I e
CCT GGA CCCATUCATRCGT GEEGH®TRU 26{5, 3' (BEQ ADaNOmchaviedh alibiated a Ddel

- site. The resultant h2 heavy chain plasmid was designated pAND113.

To generate expression vectors for the huAQC2 heavy chains, the 0.43
15 kb Notl-HindIIl heavy chain variable domain fragment from pAND104, pAND115, or
PANDI113, and the 1.21 kb HindIII-NotI fragment from pEAG964 (supra) were
subcloned into the Notl site of pCH269 (supra). ‘The resultant heavy chain expression
plasmids were designated pAND114 (h1), pAND121 (c2), and pAND124 (h2),
respectively.
20 - Theht version of light chain were made by using plasmid pAND093
as template. The mutagenic primers were: FR1 primer 5' CAA ATT GTT CTC ACC
. CAG TCT CCA TCC TCC CTG TCT GCG TCT GTA GGG GAC AGA GTC ACC
ATC ACA TGC AGT GCC AGC TCA 3' (SEQ ID NO:27), which removed BstEIl
... and Pst sites; FR2 primer 5" TTC TGG TAT CAG CAG AAG CCC GGG AAA GCC
‘25‘ CCC AAA CCCTGG ATT 3' (SEQ ID NO:28), which introduced an Neil site; FR3
primer §' GCT TCT GGA GTC CCT TCA CGC TTC AGT GGC AGT GGG TCT
GGG ACA GAT TAC ACT CTC ACA ATC AGC AGC CTG CAA CCT GAA GAT
TTT GCC ACT TAT TAC TGC CAG 3' (SEQ ID NO:29); which introduced a Ddel
! site and eliminated EcoO109] and Avall sites; and FR4 primer 5' GGT GGA GGC
30 ACT AAG GTG GAG ATC TAA CGG GCT 3' (SEQ ID NO:30), which introduced
Ddel and Styl sites. The resultant hl light chain plasmid was designated pAND103.



site. The resultant h2 heavy chain plasm d was designated pAND 113. To
generate expression vectors for the huAQC2 heavy chains, the 0.43 15 kb
Notl -Hindl Il heavy chain variable domain fragment from b}XNDC',[ FPAND 115,
or pAND 113, and the 1.21 kb Hi ndl |-Notl fragnment from pEAGI (supra)
wer e WOHVBAEE into the Nod site of pCH269 (supra). ThBCFAISHN1182k heavy
chain expression plasmds were designated pAND 114 (hl), pAND121 (c2), and
pAND124 (h2), respectively. 20 The h| yer3| on of light chain were nade by
usi ng plasm d pANDO93 as tenplate. The tageni c prinmers were: FRI priner,
5" CAA ATT GIT CTC ACC CAG TCT CCATCC TCC CTG TCT GCG TCT GTA GGG GAC AGA
GIC ACC ATC ACA TGC AGT GCC AGC TCA 3' (SEQ ID NG 27), which renoved Bst EH
and Pstl sites; ' er}ﬁrvmonrrfrhthmalerrm@wmgapawm@@sAAA GCC 25

pr| mer 5%%?%36@ I 7 NO ‘ %@%%@ﬁ

TAC ACT CT o e Tee
CAG 3’ (S,Egli‘teDéNT'g;r %’)ﬁqvg\ﬁ\c@? ﬁt@ r%ﬁg %W&I&ﬁgﬁgg‘é i meﬁghe EcoQLOO!

and Avai | sint &xellaites. F%msultmth%hglﬁ@im@@l&asmwa@ dAGEnaAHATDIGAG ATC TAA
CGG.CCT 3 (SEQ 17 0 h I nt roduce el Styl S|te The
resultam hl 1ight cﬁ&ieﬁ%ﬁ{e’é%?ﬁ light chpaa q%“ﬁngM@?@ GH’@E‘F" G@% VO
02/.083854 RGJ _ _ he '@f@'[@@ e by

usi ng pAND%%é&igg%g%?r%%glé;nvﬂg{}% the féﬂ(g\?mc%T‘%rl nmer Eg} pr| nmer CCC GGG
AAA GCG CCQPRASACTCCACCATAGTAIT CCECTECA! TRKD ID(M8RQ2), Mohibl itdodusddi ch :

I ntroduced Hhal and Hael Lsites, The resultant h2 | |&ht chain plasm d was
desi gnat ed SwmldNail,gnd Hpafiisites; FRAprEne ' 66T AgKE CORTHG A4CSITHE &M d pAND 103

ror 0o ook IRSGRCTRE A RER RIS BB R, é@%ﬁ%@@?g hien

I nt.r oduped intesiRiked\s Bbp12860sitdp abheSki@Ent &1 £6hm?1£MM1%dT% ACG TTC
GGT CAG GGC ACT AAG GIG GAG ATC TAA CGG SEQ ED NO 33), which 10

i ntroduced paMNi3HB2861 site.- The resultant cl light chain plasnid was

designated pAND 118-'The c2 version of light chain were made by using plasmid pAND116

template with the following primers; FR1 primer 5 GCC TCA GTC ATA ATG TCC
CGG GGA CAA ATT CAG CTC ACC CAG TCT CCA TCC 3' (SEQ ID NO:34),

15 . which introduced Smal, Ncil, and Hpall sites; FR4 primer 5' GGT AAC CCG TGG
ACG TTC GGT CAG GGC ACT AAG GTG GAG ATC TAA CGG GCT 3' (SEQID
NQ:35), which introduced a Bsp1286I site. The resultant 2 light chain plasmid was
designated pANDI119.

_ To generate expression vectors for the huAQC2 light chains, the 0.44

20 kb NotI-BgHI light chain variable domain fragment from pAND103, pANDI116,

'. pAND118, or pAND119, and fh_e 0.68 kb Bcll-Not! fragment from pEAG963 (supra)
were subcloned into the Notl site of pCH269 (supra). The resultant light chain -
expression vectors were demgnated pANDI117 (hi), pANDlZO (h2), pANDlZZ (cl),

- and pAND123 (c2), respcctwely '
25 The expression vectors were co—transfected into 293-EBNA cells, and
| transfected cells were tested for antibody secretion and spe_t;lﬁclty. Cells transfected
with an empty vector served as negative control. The whole ccli lysates and the
conditioned medium were immuno-precipitated with profcin A. Westem blot analysis
of the prec1p1tates (deve]oped with anti-human heavy and light chain antibodies)

30 mdlcated that huAQC2 transfected cells synthcsmcd and cfﬁc:cntly secreted heavy

and light chains at levels similar to chAQC2-transfected cells.



The c2 version of ligt ain were made by using plasmd pANDI 16 jgh ch
tenplate with the followng priners: FRI prinmer YGCC ‘ECA GIC ATA ATG TCC
CGG GGA CAA ATT CAG CTC ACC CAG TCT CCA TCC 3'(SEQIb I\ﬁf§430ﬂ5 15 whi ch

i ntrod , Ncil, and HpaH sites; FR4 priner 5 GGT_AAC COG TGG ACG TTC
GGTCAW AAG GTG GAG ATC TAA CGG GCT 3' (SEQ ID Pﬁ@ﬁ‘%@‘m ch

I ntroduced a Bsp 12 861 site. The resultant c2 light chain plasm d was

desi gnated pANDI 19. To generate expresghon vectors for the huAQC2 Iight
chains, the 0.44 20 kb Notl-B-111 Iight chain variable domain fragnent from
pAND103, pANDI 16, pAND 118, or. pAND I 19,'and the 0.68 kb Bcll-Notl

fi17 t . f EAGO . | ' { { st f pCH269
(supcay " The resul tas S BRfTtn ol LA SR RarKs Bt Lol shfhea o ¢ 0 G D ARD
117 (M pARditidRed tbdinRyibn ¥R trbfsfdoted calig GvaR AR rned) Toﬁ@%@,ecﬁ&ijvel y. 25

The expression vectors were co-transfected into 293-EBNA cells, an
tr ansf.ect el sellewerctivetbateds with thetdobditipned medigm emicador Bfeuint ildiety. Cel |'s

| yeat es. andlhyereBea B DS Hct EACS ISt (0% PRPtSse GHSAPER Bo L of n A

Western bl : $I\S. K o Ghpl Ll Sen &y e ' QH‘{E]E" n heavy
and’ | i"ghét) %gﬁiﬁ?ﬁﬁ) bgggfgsa%ﬂ%do&pﬁg?dgg% ed tﬂ&a%qﬁgl}&%\r%ggg?%g%%% cells
synt:hesi ze®kwahjeddtedintiftiinyars it @ ed.){Eison JannuddRyeearclh Batsatatied, @ive) s
s='"'lar to chAQC2-traasfccted cells. WD, 02/083854 -72 10 of the huAQC2 heavy
chai . - ( HQ @riae {95 80mun\paies- oA fter the prculatieasthy qeﬁﬁfﬂ%\é{ﬁfih@é&@)ee timgg@ithap| e 1) .
Li kewi se,  hy, ' St . yersio t heavy
and. |ight %ﬁ%@%nﬁk@%sﬁﬁgﬁfﬁf\lfg‘}i’??%snélﬂ?ear%r %?@?ﬁaﬁe&% Ver si ons.
I n the tablshowhéh Thbly e, MRVhitk HRIAQCD-hIeérsb hn Aok iBbisitihglof tHel 1t vepdicer ved
for chA bl ocked. Data shown represents the average from two_ independent

t ransf et i oridhe hAQG2 heavy chria(Higksanddhe bl wesion of the WAQC2 dightpdbgingiler . (PBS
with .5% FE 0,,05% sodi,u ide) The.,washed cells re.res ended in
the buffer 37?3103%}1%”@1‘%3& AT Mm@é'hgd%?‘h b9 ni\'ﬁ&?& ﬂ{lthﬁkﬁﬁﬁ@o@ﬁc’gﬁfe) (Jackson
| mmunoRes eadfeaty 4RNIGMRALRAAE huAQT2-21 11RE1IWvesidmR! amdthiiA QC2R2ithEe2 Viidibhs.t he
i ncubation, the cells.were washed three times with the FACS buffer, and
r esuspendednitire teble, s biFlrefers tormeanaViyE hermalined ethat ehserved for chAQC2
- blocked. Data shown represents the average from two independent transfections.
15 These data indicated that the huAQC2-h2 and -¢2 mAbs bound less well than
- huAQC2-hl and -c1 relative to chAQC2.

Table 2. FACS staining of K562c1 cells by ¢hAQC2 and huAQC2

Light chain Heavy chain  Relative MFI
| chage2 pAND102 PANDO099 1.00
20} huAQC2-hl pAND117 pAND114 1.50
. ] huAQC2-h2 pANDI120 pANDI124 - 0.64
| huAQC2-! ~ pANDI22 pAND114 1.50
| hnaQC2-¢2 o ' pANDI123 ~ pANDI2] 0.68
. |huAQC2LCcl/HCc2 . . . pANDI22 - -pANDI2l - - 221
© .25 | uAQC2LCc2/HCel pAND123 pAND114 1 0.76
o hoAQC2 LC unblocked c17HC ¢2  ~ pANDI150*  pANDI21 075
huAQC2 LC LAGP c2/HC c2 pANDI133**  pANDI21 | 150
huAQC2 LC LA7TW ¢2/HC ¢2 pAND132%+* pANDI121 1.00
.| *It encodes huAQC2 LC cl with an unblocked N-terminus Q1D.
30 | **Itencodes huAQC2 LC c2 with L46P. ' '
. ***t encodes huAQC2 LC c2 with L47W. -

Co-transfections of 293-EBNA cells with chAQC?2 and huAQC2-h1, -
h2, -c1 and -2 were scaled up. Antibo_dics in the conditioned media were purified
‘with Protein A-Sepharose. Purified mAbs Wcre_ assayed by FACS for activity. The

35 protocol as follows.



shown in Table 2, in which HUAQC2-hl refers to an mAb consisting of the hl
ver si on FACS anal ysis of VLA-1l-expressing K562al cells stained with

condi tioned mediumfromthe transfected cells was tpgngg?rﬂmﬁmed To do so,
the K562al cells were incubated with the conditione ce "for 120
mn. TRROVEIT 2005 PCT1US02/ 11521 15 These data i ndi catmﬁﬁt

huAQC2- h2 and -c2 mAbs bound | ess well than huAQC2-hl and -cl reI atlve to
chAQC2. Table 2. FACS staining of K562ahk cells. by cbAQC2 and huAQC2 20
chAQC2 huAQC2-hl huAQC2-h2 huAQC2-cl huAQC2-c2 huAQC2 LC cl/HC c2,
huAQC2 LC c2/HC ¢ 1 huAQC2' LC unbl ocked c1/HC c2 huAQC2 LC L46P c21HC c2

To2pANDos01: GE-AR 29 mARast et Y08 SRR o BRAKBIRR b % s D opanDL 141, 50
L ol AL s oo i i 1
o 0.02% NaA21de) :
. .3. Pipette 100 pl of cells into the wells of a 96 well V bottom plate.
5 4. Prepare 1:3 serial dilutions of AQC?2 starting at 3 pg/m! in FACS buffer.
5. Pellet the cells for 5 minutes-at 800 X g and flick plate to remove buffer.
- 6. Resuspend the cells in 100 pl of the diluted aritibody series.
7.Incubate for 2 hours on ice. .
8. Wash plate. Pellet the cells for 3 minutes at 800 X g and flick plate to remove -
10 buffer.
9. Resuspend the cells in 100 pl of secondary antibody (diluted 1:100 in FACS
buffer).
'10. Incubate for 30 minutes on ice.
11. Wash plate (see above).
15  12. Resuspend cells in 25 pl of FACS buffer.
13. Centrifuge the FACS tubes briefly to ensure that the 50 il is in the bottom of the
tubes. '

14, Vortex each tube vigorously and collect 5000 events.

“The data are shown in Fi; g 17. These data conﬁrmed that huAQC2-h2
20 and -c2 bound less well than huAQC2-h1 and 1 relative to chAQC2.
" The consensus versions of huAQC2 were studied further because they
- would be less immunogenic when used to treat patients with chronic indications.
‘Mix-and-match co"n'ansfect't'on's“ were perfonne‘d to identify whether a singlé chain was
responsible for the apparent decrease in binding séen with huAQC2-c2. Thc
25 co-transfections suggested that the reduction could be attributed to the ¢2 light chain
(encoded by pAND123), which differed from the ¢1 1i ght chain (encoded by
PANDI22) at only two residues in the FR2 region: P46L and WA7L.
To examine the individual contributions of each of these two changes,
new ¢2 light chain expression vectors were constructed. P.lasmid pAND 125, the

30 LATW vanant of the c2 light chain was made using pAND119 as a template with the



*1t.encodes huAQC2 LC ¢l with an unbl ocked N-term nus QLD. **It encodes
huAQC2 LC c2 with L46P. ***|t encodes huAQC2 LC c2 with L47W .
Co-transfections of 293-EBNA cells wth chAQC2 and hupQCBCH12005 h2, -cl and
-c2 were scaled up. Antibodies in the conditioned nedia {D Lil‘lfled with
Prot ei WAPEMIF ose. Purified mibs were assayed by FACSP& ‘3%2{ Phity. The
35 protocol as follows. WO 02/083854 1 2 OCT 2005 PCT/US02/1152 1 -73 1.
Count cells fromflask.that was split 134 _on the day prior to the assay. 2.
Pell et cells and reuspend at 2.5e5. cells/m in FACS buffer (5% FBS in PBS-
with 0.02% NaAzide). 3. Pi pette 100 | of cells into the wells of a 96 -well

o/t 1 FAcR Biedp gl BREr RS SfhuTy SiG AAR TR CERAEEEEI ana 111 ok
pl ate to-regprer APy ACATCREENELL SEG 18 NeBES wrﬂcm&&o&aceamamlddl | ut ed

antibody series. 7.Tncubate for 2 hours on ice. . plate. Pellet the
cells for 3Hm1hmtessPHSH@@DAN@ZQnﬂheﬁMﬁEkarpamwéthecnmlg}Eme VB nimde bgr . 9.

Resuspend t he ce 10 of 0 anti body (di 1:10Q,in FACS
burfeny | 108 AL s Voroplafe yiEEe Gltbad Mulagenipatimesi FRY ot Smpove)

12. Resu T’I'Gf I t (S tubes
briefly t§g ‘gﬁgj‘?gbﬁgp }f_ﬁ(} %@CES I n 'ltq]ée@tt)jgﬁ%m 0 R?r%’f@g@ 'PGCM Vor t ex

each tube V3'¢SEQUBINOSTY winkh entodaCiiBsaiid B, éﬁldé\]ﬂi‘ﬁsmsaﬂiapabmwm in Fig. 17.
These data confirned that _huyA h2 20 and -c2. bound ] ess wel |
P ol g

huAQC2- hi amtor%formsapw ligyt shaingweregpadsriytmoglonmnedhc0-6f I(]PluAQCZ wer e
studi ed T Urihes B AaHEhald\ MRt P b et HFOR PRIV #RARDZE arlgO 11 €2t

patlents Wi I cat1 ons
. the 0.68 kb Bell-Notl fragment from pEAG963 (supra) into the Notl site of pCH269
10 (supra). The resultant plasmids were designated pAND132 (¢2 with LA7W), and
PAND133 (c2 with L46P), respectively.
Co-transfections of the new Ii ght chain plasmids with each of the
~huAQC2 heavy chain plasmids were performed. VLA-1 binding was examined by
FACS. The data demonstrate that the L47W back mutation failed to improve binding.
15 The L46P mutation improved the peak of the binding curve, but the EC50 was still
right-shifted relative to the behavior of huAQC2 version 1 (Table 2, supra). These
results suggested that both back mutations were needed for full binding activity.
A genetically unblocked cl light chain was also made, since the Q1D
vaniant would be one residue more “humanized.” The QID mutant, designated
.20 pAND1748, was made with _thc template pAND1 18 with the following mutagenic
~ primer: FRI primer 5' GTC ATA ATG TCC CGG GGA GAT ATC CAG CTC ACC
.CAG TCT 3 (SEQ ID NO: 38) which introduced a new EcoRlI site and removed an
| _ ApoI sue An expresswn vector for this last variant of the huAQC2 light cham was
- made by subcloning the 0 44 kb NotI-BgIII light chain variable domain fragment from
o 25 pANDI48 and the 0 68 kb BcII—NotI fragment from pEAG963 mto the Notl site of
pCH269 producmg the light chain expression vector pAND150 (c1 with unblocked
N-terminus QID)._ Co-cxpress.mn of the genetically unblocked light chain with the ¢2
heavy chain (i.¢., “huAQC2 LC cl unblocked/HC ¢2"; designated huAQC2-c4) was
~ equivalent to that of “huAQC2 LC cI/HC c2” (designated as uAQC2-c3). VLA-1
30  binding was confirmed by FACS on VLA l-expressing K562a1 cells (Table 2).



M x-and- mat ch cotransfections were performed to identify whether a single
chain was responsible for the apparent decrease in bllngm ?gﬁn wth
huAQC2-c2. The 25 co-transfections suggested that the r coul d be

attri he c2 light chain (encoded by pAND 123), . ffered from
the cl Fﬁg‘w &é‘kal n (encoded by pAND122) at only two rgg%f@!gggug% the FR2

region: P46L and WA7L. To exam ne the individual contributions of each of

t hese two changes, new c2 |ight chai nyexpression vectors were constructed.
Pl asm d pAND 125, the 30 L47Wvariant of the c2 |light chain was nmade using
PAND119 as a tenplate with the 1 2 OCT 2005 WO 02/ 083854 PCT/ US02/ 11521 -74

o e den a9 e BB ER oS mph oS S palacstr, 100 ATC
sites. Pl an®i-g1,p&NDIRGnd tdde ArdbBdicsfin thiatcondititivad lﬁéﬂ:ziwgfetpwimuﬁn was made by

usi ng pAND 119 as a tenplate with the foll ow ng nutageni¢. pr| mer: FR2 prinmer
5 5 .AAG CPotamd-Aabamse B@@mﬁcmé ew@wﬁaa foravononFiescl Aad 18 ( SEQ

b
| D. NO 37 t d t
Vot or o 1 oF AR RCh AP ST R e AR it MR pior i Secrp ik RFRERE e 0 44
kb Not ls- B ¢ CﬂhVe&B@'ﬁbré/ﬁfeh abélgnémﬁktamé Cgﬁ@ﬁ%[&n 6mmqu°z\lézlﬂﬁcrao PAND126,
and the 0.68 kb Bell-Notl fragnment from pEA (supra) Tnto the Notl site

of pCH269 agils( §‘d1prvac)tors'ﬁhetamséalcmm fqmthtshw@CWei éCdammwﬁﬂa peND132 (c2

with L47TW, AND .133 wi,th L t|veI . t,ran fectlons of
the new I i @Wfﬁ]gﬁl:iﬁ clippinatad é%g%ethﬁ @’a@?‘i‘“}%ﬁ °‘?ﬁ§ﬁ¥§lel€ % pl asni ds
were perf o pr\ﬂiﬁt h&m%é?@lt?%‘ﬁ@ﬁnﬁ%%%@er@}ﬁ @(lxgﬂ%hg §a denonstrate
that the L47W back nutation ed to i nprove bind 15 T € L46P nutation

i nproved t hANDHHR (ofavy bleriii n’chwsgdhawehuh@ﬁ?.tdﬁas ae:&ealmgmczl .
right-%ifted relatl)t( he behawor of vers#,gwé (Tabl e 2,

supra) 0These resul {8 {1d¢ Fpqpensss | ARGt as PRS- wer e needed for
full binding. activity. A genetl cal |y unbl ocked cl light chain was al so
made, since the Q D. variant woul d be one residue nore "humani zed." The QLD
mut ant, dekighn@hsaid PRsp@NPATIAG2)vas made with the tenplate pAND 118 with the

oL 0 U 308Dk BELIL o ELoRE Bk ST AR, 005, 022, 7 ATC
and renpve#ARRPWIYLT
51  SNLASGVPSR FSGSGSGTIDY TLTISSLQPE DFATYYCQQW
15 SGNPWTFGQG
101 TKVEIKRTVA APSVFIFPPS DEQLKSGTAS VVCLLNNFYP
REAKVQWKVD
151 NALQSGNSQE SVTEQDSKDS TYSLSSTLTL SKADYEKHKV
YACEVTHQGL
20 201 SSPVTKSFNR GEC

(SEQ ID NO:3}

Heavy Chain (Plasmid: pAND160)
1 EVQLVESGGG LVOPGGSLRL: SCAASGFTFS RYTMSWVRQA
PGKGLEWVAT '
25 51  ISGGGHTYYL DSVKGRFTIS RDNSKNTLYL: QMNSLRAEDT
AVYYCTRGFG
101 DGGYFDVWGQ GTLVTVSSAS TKGPSVFPLA PSSKSTSGGT
AALGCLVKDY
151 FPEPVTVSWN SGALTSGVHT FPAVLQSSGL YSLSSVVIVP
30 SSSLGTQTYI



Apol site. An expression vector for this |ast variant of the huAQC2 I|ight
chain was nade by subcloning the 0.44 kb Notl-Bgl | :\ﬁlélt chai n variable
donmi n, fragment from 25 pAND148 and the 0.68 kb Bcl | - | OET aZﬁB‘jent from
pPEARI6 Nod site of pCH269, producing the lig pressi on
vect or%hﬂl&ﬁ?&gﬁ(cl with unbl ocked Nterm nus QLD). q’&;{&&@?&f’g h of the
genetically unbl ocked Iight chain with the c2 heavy chain (i.e., "huAQC2 LC
cl. unblocked/ HC c2"; designated huAQ C(Zgc4) was equival ent to t hat of

"huAQC2 LC cl I HC c2" (designated as huAQC2-c3). VLA-1 30 binding was
confirmed by FACS on VLA -expressr ng K562a 1 cells (Table 2). 1 2 OCT 2005

cﬁﬁq‘é%‘-gﬁﬁ%wéﬁ%? R e o 1 n the
condi ti onedvisdPRKRER e purifi ed on Pr ot er n- A- Sepharose. The purified mAbs
wer.e assay or ( 1_,,9‘%71% % chosen as the-
dr ug -candi ??I Ts]?[\?r%:ééﬁ*%ﬁ(v foper ‘%g%ﬁwere 1?“8% 13 _aﬁﬁjg)ﬁgg chAQC2. Vectors
wer e then d[éBRE)E@YN@Dr stabl e expression of huAQC2-c3 in CHO cells. The
vect ors ‘go h the 55 and 3
UTRs el rﬁm %@a%@%%@@%ﬁ%@%éﬁ%g Yically deleted
to. ensurem;m]mh:mvhormgener ty. The final vectors were pAND162 (i ght

chai n)., pAND160 eavy_c As used herer n,hu 3_i.s also called,
hAGCY. | 10 THEE £ ORI ROty B e Sl ke B SR BARSRGEPRT | e, L ght

Chai n (Pl am-rpmﬁ) 162) 1 Q QLTQSPSS LSASVGDRVT ' TCSASSSVN HVFWYQQKPG
KAPKPW YLT 51 SNLASGVPSR . FSGSGSGT DY TLTI.SSLOPE DFAT. 15 SGNPWI'FGQG 101
TKVEI KRTVA “2BsVET R PERK KIS Wg M FEERISQE
SVTEQDSKPS ('g}g %?ﬁbu) -SKADYEKHKV YACEVT HQGL 20 201. SSPVTKSFNR GEC (SEQ
| D. NC. 3 Heavy ain(Plasm d: pAND160)

Other heavy and light chain polypeptide and nucleotide sequences are

shown below.

2. chAQC2 heavy chain (Pand099) (SEQ ID NOs:39 and 40.
The former No refers to the nucleotide sequénce and the
15 latter to the polypeptide seguence. The same order is

used in the following numbering.)

1
GACGTCAAGGTGGTCGAGTCAGGGGGAGGCTTAGTGAAGCCTGGAGGGTCCCTGARA
CTC

20 D V XV VESG GG GG GTLVYVZ KTPGG S L
K L o '

61 |

GCCTGTGCAGCCTCTGGATTCAGTTTCAGTAGATATACTATGTCTTGGGTTCGCCAG
ATT . _

25 A C A A S G F.8F 8 R Y TM S W V R
Q I
121

CCGGAGAAGAGGCTGGAGTGGGTCGCAACCATTAGTGGTGGTGGTCACACCTACTAT
CTA



1 EVQLVESGGEG LVQPGGSLRL SCA. ASGFTFS RYTMBWRQA PGKALEWAT 25 51 | SGGGHT. YYL
DSVKGRFTI S RDNSKNTLYL QWNSLRAEDT AVYYCTRGFG 101 DGGYFDVWEQ GTLVTVSSAS
TKGPSVFPLA PSSKSTSGGT AALGCLVKDY 151 FPEPVTVSWN SGATTSERTT28M8AvLQssaL
YSLSS P SSSLGTQTYI 1 2 OCT 2005 WO 02/ 083854 PCT, 1521 _76
,'201“%&&&&%% KVDKKVEPKS CDKTHTCPPC PAPELLGGPS VELF %%ﬁﬁﬁéi

. TLM SRTPEV TCVWWDVSHE DP. EVKFNWYV DGVEVHNAKT KPREEQYNST 301 YRVVSVLTVL
HQDWLNGKEY KCKVSNKALPAPI EKTI SKA KGQPREPRVY 351 TLPPSRDELT KNQVSLTCLV
KGFYPSDI AV EVMESNGOPEN  NYKTTPPVLD -4' 01 SDGSFFLYSK LTVDKSRWQQ GNVFSCSVIVH
EALHNHYTQK SLSLSPG 10 (SEQ I D NO 4) Ot her heavy and |ight chain pol ypeptide
and nucl eoti de seguegceg afge shoyp Rel gw. A £hAQCZ;hegvygchai np (Rand099)
(SEQ 1D NGs: 39 and 40. - The fornmer No refers to the nucl eoti de sequence and
the-15 |l atffer-It o t he pol ypepti de sequence. The sane order is wused in the
foll owi ng nunbering.) 1

GACGT CAAGGT GGT GGAGT CAGGGGGAGGCTTAGT GAAGCCTGGAGGGTCCCTGAAA  CTC .20 DV K V V
ESGGGUEU8W KPGGSL KL®61 ' ‘ ,

GACAGTGTGAAGGGCCGATTCACCATCTCCAGAGACRATGCCAAGEACACCCTGTALC.
5 CTG '

D s v X ¢ R F T I 8§ R D N A KN T L
Y L

241 : :
CAAATGAGCAGTCTGAGGTCTGAGGAéACAGCCATGTATTACTGTACAAGAGGTTTT

ld GGA
g M $ s L R § ED T A M Y Y C T R G

F G

301
GACGGGGCGTACTTCGATGTCTGGGGCCARGGGACCACGGTCACCGTCTCCTCA
15 D 6 6 ¥ F DV W G Q G T T V TV 85 8

B. hAQC2 HC hl and cl (pAND114) (SEQ ID NOs:41 and 42)

1
g GACGTCCAGCTGGTCGAGTCAGGGGGAGGCTTAGTCCAGCCTGGAGGGTCC&TGAGA
20 CTC
D VO LV E S G G GUL V Q P G G S L
R L

61
TCCTGTGCAGCCTCTGGATTCAGTTTCAGTAGATATACTATGTCTTGGGTTCGCCAG

25 GCT
s CA A 8 G F S F S R Y T MG S W VR

Q A



GOCTGTGCAGCCTCTGGATTCAGT TTCAGTAGATATACTATGTCTTGGGTTOGCCAG ATT . 25.A C A A
SGFSFSRYTMSWVROQI 121 ,
CCGGAGAAGAGGCTGGAGTGGGTCGCAACCATTAGTGGTGGTGGTCACACCTACE@T %ﬁgﬁﬂ& 2 OCT 2005
WO 02/ 083854 PCT/US02/ 11521 -77 PEK RL E WV A T | g )T v Y L 181
WOORAGHISECGAT TCACCAT CTCCAGAGACAAT GOCAAGAACACCCTGTIRESE M. D s v K G
RFTI SRDNAKNTL YL 241
CAAATGAGCAGT CTGAGGT CTGAGGACACAGCCATGTATTACTGTACAAGAGGTTTT 10 GGA QM S S L
RSEDTAMYYCTRGEF G 301
GACGGGGGGTACT TOGAT GT CT GGGGECCAAGGGACCACGGTCACCGTCTCCTCA 15 DG G Y F DV WG
QGTTVTVSSB hAQ®2 HC hl and cl (pANDL14) (SEQ I-D NOs: 41 and 42) 1
GACGT CCAGCTERT CGAGT CAGGGGGAGECT TAGT CCAGCCTGGAGGGTCCCTGAGA 20 CTC DV Q L V

E S G G G LedGEEErs668CTeeRTcEETCGCAACCATTAGTGGTGGTGGTCACACCTACTAT
CTA

_ P G K G L E WV A T I 8 G GG G H T Y

181
GACAGTGTGARGEGCCEATTCACCATCTCCAGAGACAATTCCAAGAACACCCTGTAC
TG '
D S VX @GR F T IS SZRUDUNS I KNTL
10 Y L

241
CAGATGAACAGTCTGAGGGCCGAGGACACAGCCGTGTATTACTGTACAAGAGGTTTT
GGA
¢ M N § L R A BE D T™ A V Y Y C T R G
15 F @

301
GACGGGGGGTACTTCGATGTCTGGGGCCAAGGTACCCTGGTCACCGTCTCCTCA
D ¢ G ¥ F D VWG QGG T L V T V & 8

“C. hAQC2 h2 heavy chain (pAND124) (SEQ ID NOs:43 and 44)

.20 1
GAGGTCCAGCIGGTCGAGTCAGGGGGAGGCTTAATCCAGCCTGGAGGGTCCCTGAGA.
CTC

EV QL V E 8§ GG G GL I Q P G G S L
R L. ‘ ' '

25 61

TCCTGTGCAGCCTCTGGATTCACCTTCAGTAGGTATACTATGTCTTGGGTTCGCCAG
- GCT



TCCTGIGCAGCCTCTGGATTCAGI TTCAGTAGATATACTATGICTTGGGITCGCCAG 25 GCT S CA A'S

GFSFSRYTMSWVR QAW O02/083854 -78 1 2 OCT 2005 PCT/ US02/ 11521

121  CCCGEGAAGGGEECT GGAGT GGGT CCCAACCAT TAGT GGTGGTGETCACAGITAGIRT CTA P G K G

LEWVATI SGGGHTYYL 181

GACAGT GT GAAGGGCCGAT TCACCATCTCCAGAGACAAT FEEAAGAACACCCTGTAC CTGD S VK G R F
TI SRDNSKNTL .10 .Y L 241

CAGATGAACAGT CTGASCRECRAGRACASAGECGFGTATTACTSTAGAAGAGBT THT SGGHN QW RS L R A
EDTAVYYCTRG -15 F G 301

GACGGGRGGTAG TESATGT CTGEGGCCAAGGTACCCTGGTCACCGTCTCCTCA D GG Y FDV WG Q G
TLVTVSSC hAQR2 h2-heavy chain (pM D124) (SEQ I D NGs: 43 and 44) 20 1
GAGGT CCAGCT GGT CGAGT CAGGGGGAGGCTTAATCCAGCCTGGAGGEGTCCCTGAGA CTCEV QL VE S
GGGLI Q¥E¥BEGSLRL 25 .61

CCGGGGAAGGGGCTGGAGTCGGGTCGCAACCATTAGTGGTGETGGTCACACCTACTAT

3 CTA
P ¢ K G L EW V A T I S G GG GG H T Y

Y L

181
GACAGTGTGAAGGGCCGATTCACCATCTCCAGAGACAATTCCAAGAACACCCTGTAC

Cuw CTG

D 8 v X G R F T I 8 R D N S K N T L
Y L

241
CAGATGAACAGICTGAGGGLCGAGGACACAGCCGTGTATTACTGTACAAGAGGTTTT
15 GGA
¢ M N § L R & E DT A V Y ¥ C T R G
F G

3C1
GACGGGEGGETACTTCGATGT CTGGGGCCAAGGTACCCTGGTCACCGTCTCCTCAGG
(: 20 D 6 @ Y P DV W GGQ G T UL V T V s 5

D. hAQC2 c2 heavy chain (pAND121) (SEQ ID NOs:45 AND &9)

1
GAGGTCCAGCTGATCGAGTCAGGGGGAGGCTTAGTCCAGCCTGGAGGGTCCCTGAGA
25 CcTC
E V ¢ L v E 8 GG 66 G L VvV g P G G S L
E L



TCOCTGTGCAGCCT CTGGATTCACCT TCAGTAGGTATACTATGTCTTGGGTTOBOCAG  GCT 1 2 OCT 2005
.79 SCAASGF T FSRYTMSWVROQA 121

COGGGGAAGGGGCT GGAGT GGGT CGCAACCAT TAGT GGT GGT GGTCACACCTACTAT OCF §ijh P G KGLE
WVATI SGGGATYCOY L 181

GACAG M € RO CGAT T CACCAT CT CCAGAGACAATTCCAAGAACACCCTGREEUSBH¥HSH s v K G R F
TI SRDNSKNTL YL 241

CAGATGAPACAGT CT GAGGGECCGAGGACACAGCCGT GTAGFTACTGTACAAGAGGTTTT i 5 GGA Q MN S
LRAEDTAVYYCTRGE G 301

GACGEGGGGTACT TOGAT OT CT GEGEGECCAAGGT ACCCT GGTCACCGTCTOCTCAGG C 20 DG G Y F D V
WGQGT LY TVSSD hAQR c2 heavy chain (pANDI21) (SEQ |D NOs:45 AND
69) 1 GAGGTCCAGCTGGTOGAGTCAGGGGGAGGCTTAGTCCAGCCTGGAGGGTOCCTGAGA 25 CTC E V
o) L V E S TCCTGIECACCLICTRGATLCROCT TURGTRGETBBEITARGTCTTGGGTTCGCCAG

GCT
s ¢ AR S GF TV FSRUYTMSTW®WVR
5 0 A R
121
CCOGGGEGAAGGGGCTGEAGTGAGTCGCAACCATTAGTGGTGGTGGTCACACCTACTAT
cTA
P G K 6 L EWVYVATTISOGSGGHTY
10 Y L | )
181 .
GACAGTGTGARGGGCCGATTCACCATCTCCAGAGACAATTCCAAGAACACCCTGTAC
cTa
D S V X G R F T I SRDUNSZKNT L
15 Y L
241
CAGATGRACAGTCTGAGGGCCGAGGACACAGCCGTGTATTACTGTACAAGAGGTTTT
GGA
O M N S L RAETDTA AVY Y CTTR G
20 F G
- 301

GACGGGGGGTACTTCGATGTCTGGGGCCAAGGTACCCTGGTCACCGTCTCCTCAGG
D G G Y F DV WG QG T UL V TV S S

25 E. chAQC2 blocked light chain (Pand102) (SEQ ID NOs:46
and 47)



12 OCT 2005 PCT/US02/ 11521 61

TCCTGTGCAGCCTCTGGATTCACCT TCAGTAGGTATACTATGTCTTGGGTTCGCCAG. GCT S C

TFSRYTMSWVR::Q :A 121 12 OCT 2005
GGAGTGGGTCGCAACCATTAGT GGTGGTGGTCACACCTACTAT o f GKGLEW

vV A TEF'SW“G HTY 10YL 181 PehoshltsHi |

GACAGT GT GAAGGGCCGAT TCACCAT CTCCAGAGACAATTCCAAGAACACCCTGTAC CTGD SV KGR F

TI SRDNSKNTL15 YL 241 -.g]-

CAGATGAACAGT CT GAGGGCCGAGGACACAGCCGTGTATTACTGTACAAGAGGTTTT GGA QMN S L R A

EDTAVYYCTRGZ20.F G 301

GACGEEECEET ARhHF S ACCE" d CP Rt de A draG ooy WG
QGTLVTVSS25E ch bl ocked Ii@,ght chain (PanleZE? Q{SEQ | D NGCs: 46
and 47) 1 R2.04r 2005 W3 08 083854 PCTAUSAL/ BisX £ P G

CAAATT @I TT CACCCAGT TTCCAGCACTCATGTCTGCGTCTCCAGGEGAGAAGGTCACC QI VL T Q F
PALMSASPGEKVT®61 5

ATGACCT GCAGI GCCAGCTCAAGT GTAAATCACATGT TCTGGTATCAGCAGAAGCCA

AASGF

61
5 ATGACCTGCAGTGCCAGCTCAAGTGTAAATCACATGTTCTGG'I‘A’I‘CAGCAGAAGCCA.'
AQRD
M T C 8§ A §. 8 58 vV N HMF W Y Q Q X &
P K
121
10 ‘i‘CCTCCCCC_AAACCCTGGATT'_I‘ATGTCACATCCAACCTGGCTTCTGGAGTCCCTGCT
CGC
S §$ P K P W I YL TS NILU A S G V P
A R
181
15 TTCAGTGGCAGTGGGTCTGGGACCTCTTACTCTCTCACAATCAGCAGCATGGAGGCT
GAR

F s 6 8 65 6T 5 ¥ 8 L T I s S M E
A E

241

20 GATGCTGCCACTTATTACTGCCAGCAGTGGAGTGGTAACCCGTGGACGTTCGGTGGA
< GGC |

D A AT Y Y COQ QW S GNP WTF G
G G '
301 ACCAAGCTGGAGATCAAA

25 T K L E I K

F. hAQC2 hl light chain (pAND117) (SEQ ID NOs:48 and 49)



AMA MTCSASSSSVNHMFWYQQKP K 121 10
TCCTCOCCCAAACCCTGGATTTATCTCACATCCAACCTGGCTTCTGGAGTCCCTGCT  CGC S S P K P W I
YLTSNLASGVP ARI181 15

TTCAGT GGCAGT GGGTCTGGGACCTCTTACTCTCTCACAATCAGCAGCATGEAGEER? 084a2805s c s G s G

TSY SMEAE 241 20
c-ATc;CT&Qﬁl’%‘fi‘h“ﬁmmc;t:c:Ac;cAc;Tc;c-Ac;TGGTAACCCGTc;c-Ac:c;TTc:c;c;Tc;G.‘Z&T’U A ATY v
CQQWSGNPWTFG GG 301 ACCAAGCTGGAGATCAAA 25 T KL E | K P. hAQC2
hi light chain (pANDI17) (SEQ 1D MNgsi48 and 49) WO 02/083854 -82 1 2 OCT
2005 PCTI US02/ 11521

1. CAAATTGTTCTCACCCAGT CTCCATCCT CCCTGTCTGOGT CTGTAGGGGACAGAGT CACC Q | VL. T

QS P S 9 kagnfrer¥orchcBeXotc®dcaPooToCoTeTCTGCGTCTCTAGGEGACAGAGTCA
GCé& GGGITCCCEASS

ATCACATGCAGT GCCTCAAGIGTAAATCACATGI TCTGGTATCAGCAGAAS
SVNHM®& WYYQKPIGQ S P S 8 L 8§ A 8§ V G D R
v T |
61 A
5 ATCACATGCAGTGCCAGCTCAAGTGTAAATCACATGTTCTGGTATCAGCAGAAGCCC
GGG
I T ¢ 8 A 8 8 8 V N HMUF W Y Q Q0 K
P G '
121 ,
10 ARAGCCCCCABACCCTGGATTTATCTCACATCCAACCTGGCTTCTGGAGTCCCTTCA
CGC
K A P K P W I ¥ L T S N L A S G V. P
S R
181 )
15 TTCAGTGGCAGTGGGTCTGGGACAGATTACACTCTCACAATCAGCAGCCTGCARCCT |
GAA |
F s ¢ 8§ 6 8 G T DY T L T I 8§ S L 0Q
P E
241
20 GATITTGCCACTTATTACTGCCAGCAGTCGAGTGGTAACCCETGEACGTTCGGTGGA
GGC | '
P FATYYCOQOQWS GNP WTTF G
¢ G . _ .

301 ACTAAGGTGGAGATCAAA
25 T K v E I K

G. hAQC2 h2 light chain (pAND120) (SEQ ID NOs:50 and 51)



121 10 AAAGCOCCCAAACCCTGGATTTATCTCACATCCAACCTGGCTTCTGGAGTCCCTTCA CGC K A P
KPWI YLTSNLASGVP SRI181 15

TTCAGT GGLAGT GEISTCTGIGACAGAT TACACT CTCACAATCAGCAGCCTGLANCT - GifACF S G S G S G
TDYTLTI SSLQPE 241 20 12 0CT 2003
GATTTTGCOCACTTATTACTGOCAGCAGT GGAGT GGTAACCRSTGGACGTTCGGTGGA GBC DF AT Y Y C
QOQWSGNPWTF GG G 301 ACTAAGGTGGAGATCAAA 75 T KV E | K G hAQC2 h2
I'i ght chain (pANDL20) (SEQ ID NGs:50 and 51) 1 2 OCT 2005 -83 1
CAAATTGITCTCACCCAGTCTCCATCCTOCCTGTCTGOGTCTGTAGGGBACAGAGTC. (ACC O | V L T Q'S
PSSLS A CAIAEIGIRCIAZCEMIT CTCCATCCTCCCTGTCTGCGTCTGTAGGGEACRGAGTC
ATCACAT GCAGT GEEAGCT CAAGT GTAAATCACATGT TCTGGTATCAGCAGAAGOCC GGG | TCS A S S
SVNHMFWY QQK 10 P G C 121

AAAGCGOCCAAACT CCRGATT TAT CECAGAT QCASCCREGET TETGEAGKOSTE@ V. G D R

5 v T

51
ATCACATGCAGTGCCAGCTCARGTGTAAATCACATGTTCTGGTATCAGCAGAAGCCE
GGG L —
I T ¢ 8 A S S S VN HMTFW VY Q Q K
10 P G

121
ARAGCGCCCARACTCCTGATTTATCTCACATCCAACCTGGCTTCTGGAGTCCCTTCA
CGC
K A P K L L. I Y L T & N L A 8 G V P
15 5 R

181
TTCAGTGGCAGTGGGTCTGGGACAGATTACACTCTCACAATCAGCAGCCTGCAACCT

GAA
F 8 G 8 G 8§ & T P ¥ T LTI S S L @

20 P E

241
GATTTTGCCACTTATTACTGCCAGCAGTGGAGTGETAACCCETGEACGSTTCGATGEA
GGC
D F AT Y Y C Q Q0 W 8 G N P W T F G
25 G G

301 ACTAAGGTGGAGATCAAA
T K V E I K

H. hAQC2 ci light chain (pANDL22) (SEQ ID NOs:52 and 70)



CGCCKAPKLLIYLTSNLASGVP15SR20 C 181
TTCAGT GGCAGT GGGT CTGGGACAGATTACACT CTCACAATCAGCAGCCTGCAACCT GAAF SGS G S G
TDYTLTI SSLQ PE 241
GATTTTGCCACTTATTACT GCCAGCAGT GGAGT GGTAACCCGTGRACGTTCGGTAGA 0GB F A T Y Y C
QQWS GNP WTFG 25 G G 301 ACTAAGGTGGAGATCAAA T hAQC2 ci
l'i ght CHAPHOBEANDL22) (SEQ ID NO-g:52 and 70) 1 2 OCT 2?6%“&3’65&?83854

PCT/ US02/ 11521 -84 1

CAAATTCAGCT CACCCAGT CTCCATCCTCOCTGTCTGCGRETGTAGGGGACAGAGTC ACC Q1 QL T Q'S
P5.5LSASVGDRS5VT®1

ATCACATGCAGT GCCAGCT CAAGT GTAAATCACATGTTCTGGTATCAGCAGAAGCCC GGG IT CS A S S
SVNHMFWY QQK 10 P G 121

AAAGCCCCCAAACCCT GGATTTATCTCACATCCAACCTGECTTCTGGAGTCCCTTCA
: CAAATTCAGCTCACCCAGTCTCCATCCTCCCTGTCTGCGTCTGTAGGGGACAGAGTC

ACC
Q9 I QL T QS P S 8 L S A S V G DR
5 vV T
61
ATCACATGCAGTGCCAGCTCAAGTGTAAATCACATGTTCTGGTATCAGCAGRAGCCC
GGG |
I T ¢ 8 A 8§ &§ 8 V N H M F W Y @ 0 K
10 P @G
121
AAMGCCCCCAAACCCTGGATTTATCTCACATCCAACCTGGCTTCTGGAGTCCCTTCA
cae
XK 2 P K P W I Y L T & ¥ L A 5 G V P
15 8 R
181
TTCAGTGGCAGTGGGTCTGGGACAGATTACACTCTCACAATCAGCAGCCTGCAACCT
GAA
F 5§ 6 § G 8§ G T D ¥ T L T I . .§5§ &8 L ¢
20 P E
- 241
- GATTTTGCCACTTATTACTGCCAGCAGTGGAGTGGTAARCCCGTGGACGTTCGGTCAG l-
GGC ' '
;D F AT Y Y CQ Q WS GNP W T F G
25 Q G

301 ACTAAGGTGGAGATCAAA
T K V E I K

I. hAQC2 c2 light chain (pAND123) (SEQ ID NOs:53 and 54)



CCCKAPKPWI YLTSNLASGVP 15 SR 181
TTCAGTGECAGT GGGT CTGEGACAGAT TACACT CTCACAATCAGCAGCCT GCAACQ:TZ @%2@58 GSGSG

TDYT | LQ 20 PE 241 .
GATTTTGCéX&“Fﬂ%PgtTGCCAGCAGTGGDGTGGTAACCCGTGGACGTTCGGTCAG PCYASYHIPIN 1 v v ¢
QQWSGNPWTFG 25 QG 307. ACTAAGGTGGAGATCAAA T KV E | K |. hAQC2
c2 light chain (pANDI23) (SEQ I D NGs: 53 ag§l-54) WD 02/ 083854 -85 1 2 OCT
2005 PCT/ US02/ 11521 1

CAAATTCAGCT CACOCAGT CTCCATCCTCOCT GTCTGOGTCTGTAGGGEGACAGAGTC ACC Q1 QL T Q S
PSSLSASV,GDRGS5 VT 61

ATCACAT GCAGT GCCAGCT CAAGT GTAAAT CACAT GTTCTGET ATCAGCAGAAGOCC, GGG L. T CS A S S
SV N HMF WAABTECRGCTEARCEAGHE TCCATCCTCCETGTCTGCOTCTGTAGEGGACAGAGTS

AAAGCGCCCAAACEEETGATTTATCTCACATCCAACCTGGCTTCTGGAGICCCTTCA  CGC
Q I Q L T Q 8 P § 8 L s A 8 V G D R

5 v T
61
ATCACATGCAGTGCCAGCTCAAGTGTAAATCACATGTTCTGGTATCAGCAGAAGCCC
GGG
! T ¢ §s A § § 8 V N H M F W Y Q Q0 K
10 P G
121
AAAGCGCCCAAACTCCTGATTTATCTCACATCCAACCTGGCTTCTGGAGTCCCTTCA
CGC
K A P K L L I ¥ L TS NILAS G V P
15 8 R
181
TTCAGTGGCAGTGGGTCTGGGACAGATTACACTCTCACAATCAGCAGCCTGCAACCT
GAA
F 8 G S G 8 6 T D Y T L T I 8 S8 L Q
20 P E
241
GATTTTGCCACTTATTACTGCCAGCAGTGGAGTGGTAACCCGTGGACGTTCGGTCAG
GGC
b F A T Y Y C Q Q W S8 G NP W T F G
25 Q G

301 ACTAAGGTGGAGATCAAA
T K V E I K



KAPKLLI YLTSNLASGVPI15 SR181

TTCAGT GGCAGT GGGT CTGGGACAGATTACACT CTCACAATCAGCAGCCTGCAACCT GAAF SGS G S G
TDYTLTI SSLQ20PE 241 12 0OCT 2005
GATTTTGCCACTTATTACT GCCAGCAGT GGAGT GGTAACCCGTGGACGTTCGGTCAG GGCC D F AT Y Y. C
Q Q W ¥y T F G 25 Q G 301 ACTAAGGTGGAGATCAAA T KEGIESQZRESAH > ocT 2005
WO 021083854: 1 PCT/ US02/ 11521 -86 LT. chAQC2 unbl ocked |ight chain
(pAND098) (SEQ ID NOs:55 and 56) 1
GAAATTGTTCTCACCCAGTTTCCAGCACTCATGT CTGCGT CTCCAGGGGAGAAGGTC ACCE | VL T QF
PALMSASPGEKVTG®G1

T T R S Y IR RASTAG B84 s e T € S 2

CEGATTTATCTCACATCCAACCTGECTTCTGGAGICCCTGCT 15 CGC S S P K P
WlYTSNLASGVP '

1
GARATTGTTCTCACCCAGTTTCCAGCACTCATGTCTGOGTCTCCAGGGGAGAAGGTC
5 ACC
E I VL T QTFUPATLWMTSA ATSTDPGE K
v T

61
ATGACCTGCAGTGCCAGCTCAAGTGTARATCACATGTTCTGGTATCAGCAGAAGCCA
10 aAn
M T C S A 8§ 8 S V N HMU F W Y Q Q K
P K

121
TCCTCCCCCAAACCCTGGATTTATCTCACATCCAACCTGGCTTCTGGAGTCCCTGCT

15 CcGe
S § P K P W I Y T § N L A 58 G V P

181
TTCAGTGGCAGTGGGTCTGGGACCTCTTACTCTCTCACAATCAGCAGCATGGAGGCT
20 can |
F 8§ G §$S G 8 G T S Y s'L T I 8 8 M E
A E

241
GATGCTGCCACTTATTACTGCCAGCAGTGCACTGETAACCCGTGGACGTTCGGTGGA

25 GGC
DAATTYTYOCOQOQWSGNUZPWTTF G

G G

301 ACCAAGCTGGAGATCAAR
T K L E I K



A R 181 TTCAGTGGCAGTGGGTCTGGGACCTCTTACTCTCTCACAATCAGCAGCATGGAGECT . 20 GAA
FSGSGSGTSYSLTI SSME AE 241 12,007, 2005
GATGCTGCCACTTATTACT GCCAGCAGT GGAGT GGTAACCCGT GGACGTT DAATY
YCQQWSGNPWTFG GG 301 ACCAAGCTGGAGATCAAA T_K " LK1 2 oCcT
2005 v@‘b‘?f‘{%@ém PCT/ US02/ 11521 -87 K. huAQC2 unbl ocke%gwngﬁé??t‘ chai n
(pAND150) (SEQ ID NOs:57 and 58) 1

. GATATCCAGCTCACCCAGTCTCCATCCTCOOCTGTCTGCET CTGTAGGGGACAGAGTC ACC DI QL T Q
SPSSLSASVGDRVT®61

ATCACAT GCAGT GCCAGCTCAAGT GTAAATCACATGTTCTGGTATCAGCAGAAGCCC 10 GGG | T C S A
SSSVNHMFWYQQK P G121 |
AAAGOCCCCAAACCCTGGATTTATCTCACATCCAPCCTGGCTTCTGGAGTCCCTTCA 15 CGC K A P K P
WI YL T KNHuMES bR cked c1 light chain (pAND150) (SEQ ID

NOs:57 and 58)

1 , . L s :
.GATATCCAGCTCACCCAGTCTCCATCCTCCCTGTCTGCGTCTGTAGGGGACAGAGTC

5 acc | N
| DI"QLTQS'P'SSLS_A_SV_GDR
v T | -
61
ATCACATGCAGTGCCAGCTCAAGTGTAAATCACATGTTCTGGTATCAGCAGAAGCCC
10 GGG '
"I T C S A S S S V NUHMTFWYQ 0K
P G
121 | | |
ARAGCCCCCARACCCTGGATTTATCTCACATCCAACCTGGCTTCTGGAGTCCCTTCA
15 cec
K A P KP W I Y LTS NTILAZSGV P
s R
181
TTCAGTGGCAGTGEGTCTGGGACAGATTACACTC TCACAATCAGCAGCCTGCAACCT
T 20 Gan
F S G S G S5 GTDJYTULTTIZSS UL Q
P E | |
241 | o
'GATTTTGcCACTTATTACTGCCAGCAGTGGAGTGGTAACCCGTGGACGTTCGGTCAG
25 GGC " o
D FATYYCOQQ®WSGNZPUWTTFG
- o _ -

301 ACTAAGGTGGAGATCAAA



181 . TTCAGIGGCAGIGGGTCTGCGGACAGATTACACTCTCACAATCAGCAGCCTGCAACC. T 20 GAA F
SGSGSGTDYTLTI SSLQ PE?241

GATTTTGCCACTTATTACTGCCAGCAGT GGAGT GGTAACCCGT GGACGT TCGGT, Cﬁiﬁa @ DFATY
YCQQWSGNPWTFG.QGBOlACTAAGGTGGAGATCAAA1 8

02/ 083854 P S02/ 11521 -88 T KV E | K Exanple 22 Thi Pt I1 describes
the ch¥CaU308} 5 ation of various AQC2 5 antibodies of thé rnvention. Solid
phase assay for al | domain binding. Fifty p.1 of 10 ng/m al | domai n- GST
fusion protein was added to a CORNI NG CESTAR EASY WASH pol ystyrene 96-wel |
plate (Gotwals et al., Biochem stry, 38, 8280-8 (1999)). Follow ng

I ncubation at 4C for 16 hrs, the plate was washed four tines with 350 p.|l 10
of 0.1 % Tween-g0 g n ¥BSzi nra Rl ate washer. The plate was bl ocked by

addi tion of 180 | of 3% BSA in TBS. at 25C for 60 nmin, and then washed as
above. Dilutions of antibodies (50 |/well) in TBS cont ai ni ng 1 ng/mM BSA

(assay buff ’ prepared in a 96-well.roundbottom plate, transferred to
the al | ﬁﬁ 2 ed plate, and incubated for 60 mn at 25C. Following a

final wash 100 d/ wel Thig bxathie bsoribeghe chirRiter eajonwd v adogedCAf ter 10 nin,
100 I of 1 Msulfuric acid was added, and the absorbance at 450 nm was read
on a UV-¥i sandibodies Pftbﬁélt‘teﬂb%ot onet er El ectr-ochei ni |l urni nescence assays

o wenes, o6 2 o { LA Bl 9 S By A0 T v
(Si gma) accaymbnGSofubde ﬁﬁ@ﬁfﬁ&tzﬂlﬁ@d toSa CORININGS COSTAR BAs¥ewiadysates from
al -transfected K562.cells were prepared as follows. Cells were
polystyrene 96-well plate (Gotwals et al., Biochemistry, 38, 8280-8 (1999)).
Following incubation at 4°C for 16 hrs, the plate was washed four times with 350 pl
10 of 0.1 % Tween-20 in PBS in a plate washer. The plate was blocked by addition of
180 pl of 3% BSA in TBS at 25°C for 60 min, and then washed as above. Dilutions
of antibodies (50 plwell) in TBS containing 1 mg/ml BSA (assay buffer) were
prepared in a 96-well roundbottom plate, transferred to the «1 I domain-coated plate,
and incubated for 60 min at 25°C. Following a final wash, 100 pl/well of TMB
15 reagent (Pierce)} was added. After 10 min, 100 ul of 1 M sulfuric acid was added, and
the absorbance at 450 nm was read on a UV-Vis 96-well spectrophotometer.
Electrochemiluminescence assays for binding of al pl integrin or el I
domain to collagen. Tosyl-activated DYNABEADS M-280 (Dynal, Inc.) were coated
with 100 pg/ml type IV collagen (Sigma) according to the manufacturer’s instructions.
20 Cell lysates from «l-transfected K562 cells were prepared as follows. Cells were
collected by centrifugation, resuspended at 10® cells/ml in a lysis buffer containing 25
mM Tris, pH 7.4, 1% NP-40, { mM CaCl,, I mM MnCl,, 1 mM MgCl, 2% BSA; and
T 1 mM PMSF, and incubated at 4°C for 60 min. Cell debris was removed by
‘centrifugation at 12,000 rpm for 30 min and the resulting supernatant was used in
25 subsequent expeﬁmcnts. Anti-p1 activating antibody TS2/16 and polyclonal
anti-GST antibody (Pharmacia) were labeled with TAG-NHS ester (IGEN
International, Inc. Galthersburg, MD) accordmg to the manufacturer’s instructions.
‘Labeled antibodies were purified by gel filtration chromatography on SEPHADEX
G25M (Pharmacia).
- 30 To carry out the binding assay, collagen-coated beads (1 mg/ml) were
blocked for 5 min with 8% Lewis rat plasma in an assay buffer containing 50 mM
- HEPES, pH 7.5, 150 mM NaCl, and 0.1% Triton X-100. For the 11 binding assay, |



col l ected by centrifugation, resuspended at 108 cells/m in a lysis buffer
containing 25 mmTris, pH 7.4, 1. % NP-40, 1 nmMCadl z, | nM WnCl21 1 nM

MyCl2, 2% BSA, and 1 nmM PMSF, and incubated at 4C for, 60 ﬁ"rr%g%{ﬂgiell debris
was removed by centrifugation at 12,000 rpm for 30 mi hland' (Re7 T esul ti ng

super yas used in 25 subsequent experiments. Antiphfie@Siikyati ng

ant i bog & I@f%g and polyclonal anti-GST antibody (Phar F}E@:”a were | abel ed
with TAG NHS ester (IGEN International, Inc., Githersburg, MD) according
to the manufacturer's instructions. Lageled antibodies were purified by gel

filtration chromatography on SEPHADEX (25M (Pharmacia). 30 To carry out the
bi ndi ng assay, collagen-coated beads (1 ng/m) were blocked for 5 min with

8% Lewi s rat.gl ' : Wl Q. M .5, 150
T NaC) . an D T (AR e bl Bauc A Ol DY B el R byt ) s v
021083854 Ifeoht YUl -frdmsddeteB@560eddIB (s h-d W b POS 1R mPHL T ROITSH 1 ORI & ds8gubat ed
with 10 g of beads, cell lysate prepared from105 al-transfected K562 cells
(supra), ataffor domtgjhimg IohMIMGCT,SHot 6he ot hdvraais dyndifgdskay, throamtibpdieng 1 v

MnCl 2. For the.a ] | _domain binding assay, the anti ies were incubated
with 10 g &ferpigyeatcdwitn J04ieaf bgads, Oddfezmabéﬁoma@i @ﬁfi S&%@waﬁt,cnaﬁagi 5

fig/n TAG: ang+z BST ... AR assay. puffer cont ai nf ‘fer one
to two %{loﬁlggglg&glél tatlieg%?a %%%%X?@n%@?gaﬁlr&ég,h%%%w&wgpéé%gﬁf%uffer
was added @p@rstdf@gitaRiRh 8SoBinthrAad 200 Alofehe Sl Buffer was added and the

el ect rochenii | uni nescence detector (IGEN). Plots are presented wth

arbi trary. eheples seherad oman ORIGENE] .6 midctrodHedlijJunmneschrceatethicat(BSEN). s. 10

Bi ot i nyl at mA conpet.ition assay. A 96-well plate oated wth 50 gl
R L e A P KO A ST R it SN R
as descri begdyaheve;s Dilutions of antibodies (60 [it/well) in"the assay
buffer were prepared in a 96-well roundbottomplate, and 60 | of 0.1 g/ m
bi oti nylat ed nuri ne B¥NGHldated MAOCHESHpibh @ssapa s Badell pldte Whycauteal ol i ters
fromeach well was transferred 15 to the coated plate and incubated for 3

his at 25CWithhd) pl eftSeng(ad of hdamasGEH fesion prstpin andllopkedowith 3%/BFA in

P eobat od- At s itabare ameond BE APt Ts0 REEA 1B sy bBIE e S
reagent ( Pi;;_?ép‘af‘e)d 396 FE0RAnaEIdcR prhfE, Bhd'60 APOF 4.1 Alb/rhi BYbENAM harifig! d Vs

~ AQC2 in the assay buffer was added. Fifty microliters from each well was transferred

15 to the coated plate and incubated for 3 hrs at 25°C. The plate was then washed as
above, 50 pl of 1 pg/ml peroxidasé—conjugated EXTRAVIDIN (Sigma) was added,
and the plate was incubated another 2 hrs at 25°C. After a final wash, 100 pl/well of
TMB reagent (Pierce) was added. After 10 min, 100 wl of 1 M sulfuric acid was
added, and the absorbance at 450 nm was read on a UV-Vis 96-well

20 spectrophotometer. :

_, . Experimental results. The experimental results are shown in Figs.
1.6A;D and Table 3. The ability of mAQC2, chAQC2, hAQC2, and hAQC2' (i.e.,
.huAQCch4; diff;ring_ ‘fr,pm_hAQCZ only in that residue 1 of the hAQC2' light chain _
Wés D ir;st:;ad of Q) to (1) bind tqh_uman al- transfected K562 cells (by FACS); (2)

25 bind to immobilized al-I domain (by ELISA); (3) compete with mAQC2 for l?inding

o ql -I domain (ELISA); (4) block o1-I domain binding to collagen -
(Electrochemiluminescence assay); or (5) block a:1p1 integrin binding to collagen
(Electrochemiluminescence assay) was determined. The results are shown in Figs.

- 16A-D, and calculated IC50 (for inhibition) or EC50 (for binding) values are given in
30 Table 3. In each assay, each of the humanized AQC2 forms showed a similar ability
~ to either bind VLA (or the a1 domain) or block Einding to collagen (Note that in



added, and the absorbance at 450 urn was read on a W-Vis 96-well
The experinen

spect rophot
in Figs.

(i.e.,
bAQC2' WO Y
K562: cel | s

was determ
cal culat ed:
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021152% ¢ ansf ect ed
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(l?e e%}wéf(ﬁta?a@cg%ggmgp% given in 30

| NfoRAE Hen"’sﬁet%) ;%r%n gﬁsc?w Rt -RbRBIT @céeé&@ad&mmsd

observed difference in |nten5|ty between MAQC2 and the hunanized forms
derives. fromthe use of an anti-nurine-l1gG:secondary antibody, instead of an

anti - human-1gQG . Tabl apal ues in n
' bod % Eﬂl SACowpeh}‘{fof%'égyesui@wa?/t% O%FH'EN%i t:Jon( :ECSO) n wth

Ant i bodyFACS., VLA al |
(1C50) (I C50)b| otin- AQC2 (1C50) -mAQC2n.d.. 0.07260.0290.06138 (8.7)

(0.014). (0.:011){0.-015) -Chi-nerapd 2500714, 027017530 (6.-9)
(0.002) (s +d 00,Abod 0. 05&)«dsﬁ\eq>o,aaﬁﬁ.1 1290. 030. 19965ELER) | Competitio
(0.005) (0. 05) (0.010}] hAQC2' 0 430. 1250. 4370. 31369 |(25. 7)
: (EC50) | Inhibition { Inhibition | (EC50) n with
(IC50) (ICs50) biotin-~
AQC2
(IC50)
mAQC2 nd. 0.0726 - 0.029 -0.061 38 (£8.7)
C(x0.014) | (=0.011D) (£0.015) -
Chimera 0.25 0.071 0.027 0.176 30 (2:6.9)
(£0.002) .} (=0.007) (£0.058)
hAQC2 0.29 0.129 0.035 0.190 65 (£2.2)
- (£0.005) - (£0:005) (0.010)
hAQC2' 0.43 0.125 0.037 0.313 69 (£25.7)
(&0.018) (£0.001) (£0.072)
10 “We next tested whether changes at certain conservative residues in the

CDRs could preserve the VLA-1 binding activity of hAQC2. DNA eonstructs

*-encoding variants of hAQC2 with the following mutations were made by site-directed
" ‘mutagenesis: (1) GSSS 1n the heavy:chain -CDR2;i(2) S24N in the light chain CDR1
(introducing an occupied N-linked glycosylation site); (3) G92S in the light chain
CDR3; (4} .a combination of (1) and (2); and (5) a combination of (1) and (3). The
DNA constructs encoding both the heavy and light chains were then co-transfected

15

into 293-EBNA cells, and the conditioned medium of the transfectants was assayed

.20

for antibody expression by Western biot and ELISA. The results indicated that the
~ hAQC2 variants were expressed as efficiently as cognate hAQC2. FACS analysis
using VLA-1-expressing K562 cells further showed that the VLA-1-binding activities




(0.018)(0.001)(0.072) 10 W next tested whether changes at certain
conservative residues in the CDRs could preserve the VLA-1 binding activity
of hAQC2. DNA constructs encoding variants of hAQC2 wwtarT hpg0F ol | owi ng

mut at i oRg Pakss§ade by site-directed nutagenesis: (1 s03risg heavy
chain CDR2;-(2) S24N in the light chain CDRL (introducing :an occupied

N-1inked glycosylation site).; (3) &@®2S in the light chain 15 CDR3; (4). a
conmbi nation of (1) and (2); and (5) a cdibi nation of (1) and (3). The DNA
constructs encodi ng both the heavy and |ight chains were then co-transfected
into 293-EBNA cells, and the conditioned nediumof the transfectants was

assayed f orofaiusk RshAtOXRE BR/IL o AR QRN Thkath, ARGnfhé 8Ad siRawtRel t S

indicated that the hAQC2. variants were expressed as efficiently as cognate
hAQC2. FACS dithabtyadiesthe MAA-) itmbing/aokivityed hAGY32. nindedh X -ty drgstdl siradture showed
that the VLA-1-bindin ctivities WO 02/083854 -91 1 2 2005 |

PCT US03/ 11903 RAFLMIGE Foh Formples Liadias Sa7h ik SHAATAACES of Wedieht i W ¢ he

am no acid St 4 ' di : ter o i-ndj 0 Mty of hAQC2.
| ndeed, X-r %gcéé/%?g%&g? Irlﬂgtaﬁ%ﬂeb?té ﬁletﬁ%dlgﬁﬁ)?&@%t ’Ealﬁqé]gt%ﬁ eliﬂ %Iel’(# rl(e)l) shows
t hat S24 smndicg@#.of the light chain and G55 of the heavy chain are not in
t he bi ndi ng pocket that is in contact with the al-I 5 donmain. Exanple 23
The ef f ect orExample23ns of an i munogl obul in couple the immunoglobulin's

ant i gen-bi ndi ng acti vi he ipfl ammt.or - OX| stinmulatory
arnms of the inmmune sygﬁ%r#t%ﬁ%”fégfg?nsf%tlfngﬁugo%;b%ﬁﬁ%%lg?ﬂee safety and 10
efficacy of iﬁ&dnﬂ@]éﬁ@ﬁi’@%eﬁ-ﬂiﬁtﬁﬁ R&HtiyGo BieOdfStmalsty! 8dttegictai@ potenti al
effector functions of hA mut at i ons "of L234A and L235A were nade to its

heavy chai n stimulgjenryarms ef ths A@gne Fystemh Effectopfimetismmanimpainthe sefatyandon of
N297Q was, me in the. heavy.chaipn of hA to.generate an, aglycpsyl ated
or mof AR AL imAaeeloval e fa it f oot Bt bREbe  + Cacy,

resi dual ef fagdiis bPRAOCEImuftishd bf L254ANchd i ISATMBRARI LY Hes oAb e
hAQC2. Unl ess otherw se indicated, residue position nunbers in constant

regi ons as usecratedsdQi2afor Hesiagreatadn; nsingle ordatmreo N2V Q@ wves Eade muhber i ng
conventi on.

heavy chain of hAQC2 to generate an aglycosylated form of hAQC2, named haAQC2.
Studies can be done to compare their efficacy, residual effector function, stability and

15 immunogenicity to cognate hAQC?2. Unless otherwise indicated, residue position
numbers in constant regions as used herein are designated in accordance with the EU
numbering convention.

The heavy chain polypeptide sequence of haAQC?2 is as follows
{Plasmmid: pAND161):

20 1  EVQLVESGGG LVQPGGSLRL SCAASGFTFS RYTMSWVRQA
PGKGLEWVAT | |
51  ISGGGHTYYL DSVKGRFTIS RDNSKNTLYL QMNSLRAEDT
AVYYCTRGFG
101 DGGYFDVWGQ GTLVTVSSAS TKGPSVFPLA PSSKSTSGGT

25 AALGCLVKDY
151 FPEPVTVSWN SGALTSGVHT FPAVLQSSGL YSLSSVVTVP
SSSLGTQTYI |
201 CNVNHKPSNT KVDKKVEPKS CDKTHTCPPC PAPELLGGPS
VFLFPPKPKD

30 251 TLMISRTPEV TCVVVDVSHE DPEVKFNWYV DGVEVHNAKT
KPREEQYQST



The heavy chain pol ypepti de sequence of haAQC2 is as follows (Plasm d: pAND
1 b 1l): 20 1 EVQLVESGEG PGKGLEWAT 51 | SGGCHTYYL AVYYCTRGEG 101 ‘
DGGYFDVW\EQ 25 AALGCLVKDY 151 FPEPVTVSWN SSSLGTQTY! 204 ZN0ONHZBESNT
VFLFPPKRRyaRs251 TLM SRTPEV  KPREEQYQST LVQPGGSLRL  DS\H(GREShS1526TL VTVSSAS
SGALTSGVHT KVDKKVEPKS TCVWDVSHE SCAASGFTFS RDNSKNTLYL TKGPSVFPLA
FPAVLQSSGE. CDKTHTCPPC DPEVKFNWYV RYTVMSWRQA QWSLRAEDT PSSKSTSGGT
YSLSSWTVP PAPELLGGPS DGVEVHNAKT WO 02/ 983854

. 301 YRVVSVLTVL HQDWLNGKEY KCKVSNKALP APIEKTISKA
KGQPREPQVY
351 TLPPSRDELT KNQVSLTCLV KGFYPSDIAV EWESNGQPEN
NYKTTPPVLD

5 401 SDGSFFLYSK LTVDKSRWQQ GNVFSCSVMH EALHNHYTQK SLSLSPG
(SEQ ID NQ:5)
The heavy chain polypeptide sequence of hsAQC2 is as follows

(Plasmid: pAND171):

1 EVQLVESGGG LVQPGGSLRL- SCAASGFTFS RYTMSWVRQA

10 PGKGLEWVAT
51 ISGGGHTYYL DSVKGRFTIS RDNSKNTLYL QOMNSLRAEDT
AVYYCTRGFG
101 DGGYFDVWGQ GTLVTVSSAS TKGPSVFPLA PSSKSTSGGT
AALGCLVKDY | |

15 151 FPEPVTVSWN SGALTSGVHT FPAVLQSSGL YSLSSVVIVP
SSSLGTQTYI
201 CNVNHEKPSNT KVDKKVEPKS CDKTHTCPPC PAPEAAGGPS
VFLFPPKPKD
251 TLMISRTPEV TCVVVDVSHE DPEVKFNWYV DGVEVHNAKT

20 KPREEQYNST
301 YRVVSVLTVL HQDWLNGKEY KCKVSNKALP APIEKTISKA
KGOPREPQVY '
351 TLPPSRDELT KNQVSLTCLV KGFYPSDIAV EWESNGQPEN
NYKTTPPVLD

25 401 SDGSFFLYSK LTVDKSRWQQ GNVFSCSVMH EALHNHYTQK SLSLSPG-
(SEQ ID NO:6)
Example 24

This example describes a method for determining the crystal structure

of the complex of a rat/human chimeric «1-1 domain of the «1p1 integrin and the

30 hAQC2 Fab fragment,

Preparation of the protein complex



1 2 OCT 2005 PCT/US02/ 11521 -92 301 YRVVSVLTVL HQDW.NCKEY KCKVSNKALP

APl EKTI SKA  KGQPREPQVY 351 TLPPSRDELT KNQVSLTCLV KGFYPSMWE&SQDEN
NYKTTPPVLD 5 401 SDGSFFLYSK LTVDKSRWQQ GNVFSCSVMH EALHN £ PG (SEQ

D NG 5 '(I)'h heavy chai n pol ypepti de sequence of hsAQC2 4 2f19d5h ows
(Pl asmigS Bﬁ Y71): 1 EVQLVESGGG 10 PGKGLEWAT 51 1S (" “AVYYCTRGFG
101 DGGYFDVWGEQ AALGCLVKDY 15 20 25 VFLFPPKPKD 151 FPEPVTVSWN SSSLGTQTYI
201 CNVNHKPSNT 251 TLM SRTPEV KPREEQYNSEK. 3 01 YRVWSVLTVL KGQPREPQVY 351
TLPPSRDELT NYKTTPPVLD 401 SDGSFFLYSK (SEQED NGO 6) Examml e24
The hAQC2 Fab fragment was prepared from hAQC2 antibody using a
variation of the procedure of the IMMUNOPURE® Fab preparation kit (Cat# 44885,
Pierce, Rockford, IL). The intact hAQC2 antibody was concentrated to 12 mg/ml in a
buffer containing 20 mM phosphate, 10 mM EDTA and 25 mM cysteine (pH 7.0).
5 Immobilized papain was added at an enzyme to substrate ratio of 1:50, and digestion
was allowed to occur overnight at 37° C. The immobilized papain was removed and
the crude digest was dialyzed against 20 mM sodium acetate buffer (pH 4.5). The Fab
fragment was separéted from residual intact antibody, dimeric Fab fragment, and Fe
fragment by cation exchange chromatography using a S-column (Poros HS/M ,
10 PERSEPTIVE Biosytems #P042M26) with a shallow salt gradient. The Fab
fragment was then exchanged into 0.1 M Hepes buffer (pH 8.0).
" The chimeric a1-] domain used in the present invention is a rat/human
chimeric I domain con.;;truct (mutant RAH) containing residues Thr145-Phe336 of the
rat 1 integrin chain, where residues Gly217, Arg218, GIn219 and Leu222 (crystal
15 numbering) have been substituted with equivalent human residues Val, Gln, Arg and
Arg, respectively, in order to restore antibody binding. The amino acid sequences of
chimeric RAH, rat, and human «1-I domains are given below in SEQ ID NOs:59, 60
and 61, respectively. Recombinant a1-I domain was expressed in E. coli as a
GST-fusion protein. The RAH «1-I domain was cleaved with thrombin and purified
20 from a Pichia pastoris clone as described previously (Gotwals et al., 1999,
Biochemistry 38:8280-8288).

145 TQLDIV

151 IVLDGSNSIY PWESVIAFLN DLLKRMDIGP KQTQVGIVQY

191 GENVTHEFNL NKYSSTEEVL VAANKIVQRG GRQTMTALGI
25 231 DTARKEAFTE ARGARRGVKK VMVIVTDGES HDNYRLKQVI

271 QDCEDENIQR FSIAILGHYN RGNLSTEKFV EEIKSIASEP

311 TEKHFFNVSD ELALVTIVKA LGERIF

(SEQ ID NO:59)

145 TQLDIV
30 151 IVLDGSNSIY PWESVIAFLN DLLKRMDIGP KQTQVGIVQY



LVQPGGSLRL- SCAASGFTFS RYTMSW/RQA DSVKGRFTI'S RDNSKNTLYL QWNSLRAEDT
GTLVTVSSAS. TKGPSVFPLA PSSKSTSGGT SGALTSGVHT FPAVLQSSA. YSLSSVVTVP
KVDKKVEPKS CDKTHTCPPC PAPEAAGGPS TCVVVDVSHE DPEVKFNWYV{

2@%@NKALP APl EKTI SKA  KNQVSLTCLV KGFYPSDI AV BN

LTVDKS CSVIWH EALHNHYTQK SLSLSPG Thi s exanpl e describes a nmethod for
determ ning the crystal structure of the conplex of a rat/human chineric a
1-1 domain of the al Rl integrin and thé&430 hAQC2 Fab fragnment. Preparation
of the protein conplex 1 2 OCT 2005 WD 02/ 083854 -93 PCT/ US02/ 11521 The
hAQC2 Fab fragnent was prepared from hAQC2 anti body using a variation of

t he pr ocedurlelof GENWTHMMMRE@THE& PIAEIEROE GLOTNTELHT 44885, Pierce,

Rockf ord, T Al 12 ng/m in a
buffer cont ghn ng%ﬁg%%&g &%@?M@PWR%%%E‘?@% ne (pH 7.0). 5
| mobi |'i zed 2papaQ@cm@ENa¢@e@mmmmnsmmubmm:esIza$1m of 1:50, and

di gestion al |l owed to_occur _overni g1ht at 37 C. The inmmobilized papain

was rem)ved3éﬁd TFH@F’EP‘U&E M ed agai nst 20 nmM sodi um acet ate

buffer (g H @ Fllfzg Ef fragment was separated from residual intact
ant i body, dinmeric Fab Tragnment, and Fc fragnent by cation exchange

chromat ography using a S-colum (Poros HS/M 10 PERSEPTI VE Bi osytens
#P042M26) Wltg . Eg#&ow salt gradient. The Fab fragnent was then exchanged
into 0.1 M Hépes b (pH 8.0). The chinmeric a 1-1 domain used in the

present investi onvieGENEAY PWIEVTARTINIIIKRMM@RIKDTEINStvaet (nutant RAH)
containing residues Thr145-Phe336 of the . rat al int ejgvgl n chai n, where

resi dues Gl}?i? EM?@FN@W§%%NMI¥% Teierer i ng) have been

substit ut edowht hpegrikeakent ARdmRdB& dufa WMEGESGHDNEN KN  AXQ,

respecti velg in order to restore antibody bindi ngE The ami no acid sequences
of 71 ODCEDENIQR FSIATLGSYN RGNLSTEKFV EEIKSIASEP

311 TEKHFFNVSD EIALVTIVKT LGERIF
(SEQ ID NO:61)

The hAQC2 Fab fragment was mixed with excess chimeric «1-I

domain and incubated at 37" C for 15 minutes. The saturated o.1/Fab complexes were

15 separated from uncomplexed «1-I domain by size exclusion chromatography using a
S200 Sephacryl column (Pharmacia, Gibco). The complex was further concentrated
to 11 mg/ml in 2 20 mM Tris (pH 7.4), 150 mM NaCl, 1 mM MnCl,, 5 mM
p-mercaptoethanol.
Preparation of crystals

20 Crystallization conditions were found using the CRYSTAL
SCREEN™ KITs from Hampton Research (LLaguna Niguel, CA). Crystals of the
complex described above were grown at 20" C by vapor diffusion using an equal
amount of protein complex solution and a 20-30% PEG 1500 reservoir solution.
Typically, 2 pL of protein complex was added to 2 pL of well solution to yield drops

25 of4 pL. Crystals grew in two to seven days as hexagdnal rods with dimensions 0.8 x
0.05 x 0.05 mm’. The presence of the al-I domain and hAQC2 Fab fragment was
confirmed by SDS-PAGE analysis of dissolved crystais. In order to reduce the
inherent radiation damage during data collection, X-ray diffraction data was collected
at approximately 100 K. To prepare the crystals for data collection at this low



chimeric RAH, rat, and human al -1 donmains are given below in SEQ ID NGs: 59,
60 and 61, respectively. Reconbinant al-1 domain was ¢xpr@¥ls@®lin E. coli
as a GST-fusion protein. The RAH al -1 domain was cleaved with thronbin and
purifiegoBsigsem a Pichia pastoris clone as described psEviQubisn(Cotwals
et al., 1999, Biochem stry 38:8280-8288). 145 TQ.D V 151 | VLDGSNSI Y

PVWESVI AFLN DLLKRMDI GP KQTQVGE VQY 191 GENVTHEFNL NKYSSTEEVL VAANKI VQRG
GRQTMIALG 25 231 DTARKEAFTE ARGARRGVKKIIAWI VTDGES. HDNYRLKQVI 271

QDCEDENI QR FSI Al LGHYN RGNLSTEKFV EEI KSI ASEP 311 TEKHFFNVSD ELALVTI VKA
LCERIF (SEQ I D NGO 59) 145 TQLDI 'V 30 151 | VLDGSNSIY PWESVI AFLN DLLKRMVDI GP
KQTQVA VQY - kerdp€datlire) 00/6talWive12 /&R AR efulibrdbiddntbldbctdopratectdl sdHtdal HEFNL
NKYSSTEEVL VAANKI, GLOTMITALG = 231 DTARKEAFTE ARGARRGVKK VMWI VTDGES
HDNYRLKQVI ~ comial RIEGR st 3Q3%erPR GRE(0sarifazheppled indgmid miragenEKHFFNVSD
ELALVTI VKA LGERL F 5&%%%}8 NG 60) 145 TQLDIV 151 | VLDGSNSI' Y PWDSVTAFLN
DLLKRVDI GP KOTGHEE \‘; TOEENVTHEFNL NKYSSTEEVL VAAKKI VQRG GRQTMITALA 231
DTARKEAFTE  ARGARRGVKK N4ilve WHEIgEB firobibirki ks Vo2 BQA Zokd oG miirblE S cled! fynk &SYN
RGNLSTEKFV EEI KSI ASEP 311 TEKHFFNVSD EI ALVTI VKT LGERIF (SEQ ID NO 61) . The
hAQC2 Fabd f singiteerystakal aboutd @0 using ae 2S5 C Quansvincd eharged-envpiedrdesiisd | ncubat ed

Fr om unconpidteetpr 3t heating fas Al s HrpSmuer RReaN b Ral T FLNe T8 g &
S200 Sephacryhcie8tbimidhPRattBeNSLS (3 B&Qwas PR eGRIRLIRY tNESo fiwird Bl%@;rams

concentr at ed
DENZO and SCALEPACK (Otwinowski & Minor, 1997, Methods in Enzymol.

276:307-326). Crystals belonged to the space group P6, or its enantiomorph P6;, with
10  unit cell dimensions a=b = 255.09 A, c=38.64 A. The data set was 96.6% complete
and had an R-merge of 8.3%. The Matthews coefficient (Matthews, 1968, J. Mol.
Biol. 33:491-497) was 2.59 A 3 Da’! with a solvent content of 52.1 %, which indicated
that there were two complexes in the asymmetnic unit. The two complexes in the
asymmetric unit were related by non-crystallographic 2-fold symmetry. Data statistics
15 are shown in Table 4.
Molecular replacement searches were done with the program AMoRe
- (Navaza, 1994, Acta Cryst. A50:157-163) from the CCP4 program package
(Collaborative Computational Project No.4. The CCP4 Suite: programs for protein
crystallography. 1994, Acta Cryst. D50:760-763), and molecular graphics
20 manipulations were done with the program QUANTA. A single «1-I domain from the
structure of the rat «1-1 domain of «1P1 integrin (Protein Data Bank (PDB) accession
number 1ck4; Nolte et al., 1999, FEBS Lett. 452:379-385) was used as a model or
probe for rotation and translation searches. The translation function search indicated
that the 1™ and 9™ highest peaks of the rotation function corresponded to the correct
25 solutions for the two a1-I domains in the asymmetric unit (correlation coefficient {cc)
=21.1%, R=53.1 %) and that the space group was P6;. Subsequently, scarches for the
hAQC2 Fab fragments were done, keeping the I domain solutions fixed and using a
model of the Fv domain of the hAQC2 Fab as a search probe. A clear solution was
found for one of the two Fv domains (cc=22.1%, R=52.6 %), but the second Fv could
30 not be located. The position of the second Fv was derived using the non-

crystallographic 2-fold symmetry. Rigid body refinement of the two I domains and



tol I mg/m ina20 MM Tris (pH 7A), 150 MM NaCl, 1 mM MiCl1l2, 5 nmM

P- mer capt oet hanol . Preparation of crystals 20 Crystallization conditions
were found using the CRYSTAL SCREEN' KITS from Hanpt on RZ @ﬁuﬁ(aLaguna

Ni guel ,- CA). Crystals of the conplex described above wr S@ﬁa t 20° C by

vapor divyHusoses4isi ng an equal anmount of protein conpl eXpEdhdshiipand a
20- 30% PEG 1500 reservoir solution. Typically, 2 ILL of protein conplex was

added to 2 p.L of well solution to yield drops 25 of 4 L. Crystals grew in
two to seven days as hexagonal rods with@hi-nensions 0.8 x 0.05 x 0.05 mmi.
The presence of the al-1 domain and hAQC2 Fab fragnent was confirnmed by
SDS- PAGE anal ysis of dissolved crystals. In order to reduce the inherent

radi ati on dafRgpy dehbing rébatad GeIR-$5dibrab 43 %% ay-fdk B marvd)odiataryas
collected at approximately 100 K. To prepare the crystals for data

col | ection atlettinrsdensity map sip¥edcipsr adtER/@8I850r EeTousany dobkin (F@sst)

t enperat ure, t al re gradual Ly equil ibrated,int.o cryopr ct ant
sol ution coﬁf%ﬁifﬁg@%@ﬁé ’gbb“%ﬂ%"%g;?r E?Si: y5bdompig F%#%c@gg}géﬂ in
liquid nitro < Star I ] | td - ' : | data to
2.8 A resol utgt‘; ntﬁn\lffief(l eﬂggﬁlog(t:lt%g%gfnr@ oc?n&gélﬁgfg?nﬁé}[%%r‘%@%%maa{u&g%%?ﬁloo K

usi ng an ADSEbsenadtelseirdn demsiye Gubsequenidtigld boderefidementtwith die sofmnard ne X4A of
t he Brookhaven Nati onal Laboratorgl é)l?gNL) Nati onal  Synchrotron Light Source
2R

(NSLS) . Dat aPiRgtanpLbeeeyegiysingg iggs, it C2000; o B FunigsT, 1 1A S SCAL EPACK
aw Ki t. ' . - 307~ st al
E)el \(l)mngg\é\stij ﬁﬁ%ﬂgggfggé)l g%ﬁ;‘)‘y@éﬁ?%e?swg%gﬁn |u8%%r?aé%eﬁ%§1,n%\%g% fﬁhe%% ‘Eltﬁ’ﬁt" ?cel I

di mensi ons  aalFdém#ing3bdildthg the R=Eitdi4o A9.7PAER dRdea= 3RO%)as 96. 6% conpl ete  and
had an R-nmerge of 8.3% The Matthews coefficient (Matthews, 1968, J. Ml.
Bi ol . 33:491-497) was Allsgbgequemgeiingment siepporsrparesiusttiohe ©NX 05 whi ch

compl oxed®i rPORE oS FHBEE FHEBTE R Potde st AT e b s3ieAfel
2-fol d symeldd/moll iréfirinfént SThE hitid Dadtif mdReMVat SubjaéetosimitRcanhadling
repl acenent searches were done with'the program AMDRe (Navaza, 1994, Acta
Cryst. A50: 1&wl gregpediB-danterrefiGarantpvitlynerrenystehegyephic symmetry restraints. The
R-working and R-free factors dropped to 28,3% and 32.9%, respectively. Several
cycles consisting of iterative model building, maximum likelithood positional

15 refinement and B-factor refinement followed. Only mode! adjustments that resulted
in a drop in the R-free factor were accepted. A bulk-solvent correction was employed
after the complete model was built. The R-working and R-free factors of the final
model are 21.3 % and 27.2 %, respectively for the data (F > 20) in the 500-2.8 A
resolution range.

20 - The final 2Fo-Fc electron density map is of good quality for most of
the complex with the exception of amino acid residues 288-295 of one I domain
fragment (molecule A in Fig. 19) that are associated with weak electron density and
have not been included in the model. In addition, the entire constant domain of one
Fab fragment has no visible electron density, which indicates that it is disordéred.

25 This appears to be consequence of the absence of crystal contacts for the constant
domain of the Fab fragment due to its position within a large solvent channel. This
domain was also not included in the final model that consists of 1030 amino acid
residues, constituting 6 polypeptide chains, and 2 manganese ions. The r.m.s.
positional deviation between equivalent residues from the two complexes in the

30 asymmetric unit is small (0.37 A for 1660 equivalent main chain atoms).
Stereochemistry statistics were calculated with the software programs PROCHECK



(Col | aborative Conputational Project No.4. The CCP4 Suite: prograns for
protein crystallography. 1994, Acta Cryst. D50: 760-763) aﬁ((i, rrzd cul ar
graphi cs 20 nmani pul ati ons were done with the program QJAMA l\ 0 gle al-I
domai n structure of the rat al-I domain of alO n (Protein
Dat a Baﬂ&%%gﬁﬂaccessi on nunber Ick4; Nolte et al., éﬂug@g{l

452: 379- 385) was used as.a nodel or probe for rotati on and transl atl on
searches. The translation function searcgyindicated that the V and 9 h

hi ghest peaks of the rotation function corresponded to the correct 25
solutions for the two aI-I domains in the asymmetric unit (correlation

Subscquent | Lokt al s o gont s PR 281, MO RET. 088 Rl ng (e
dormai n sol utione. iGAZ e UH;yH&ag@n boRAGk 30 AS Rereoustommh thofrokhag hAQC2 Fab

as a search probe utiron was found for one of the two Fv donmi ns
(cc=22. 1% F&@NT&G!/B (Taﬂmszﬂkarzsad@rﬁmp@mabﬁuﬂll&gesbondon, b&2 B8rGelbdhorative

position of the secon erjv t he non. crystall ogr,aphic 2-fold
et ry. RGPPSR B RR A She LA bragmiet Bhiria oS eieEapts o
02/ 083854 P S 5(96, 3tV & 3. 6%
(R-free 15 q'aw'@gtgn@g%? Fé 62}’?&&%%9&%’& r%?c 1§%g%ho{v§8&{5ear %ﬁfﬁon
density for thlae. chainghatwill berdiscossed delost) are mfthd ditpwddrsgiohabt ﬂheagrrent but no
density for the Fconst domain of the second Fab fragnent. A npdel _of the

gconst donmj Farpachapdiay diagranand §0%8 oftisaagiduesaye injthe ’fnﬁét favensd &asins. dibgct r on
S CNX
oot St odd bty SUATBIRIE D el s

D54: 905-921)gre usTalge data in the 500-2.8 A resolution range, optimzed the
position of all dommins, reducing the R-factor to 39.7 % (R-free = 38.9%.
Al l subsequent refinenment steps were carried out wwth the CNX 10 program To
reduce nodel bias, partial nodels were used for 2Fo-Fc nmap cal cul ation and
nodel refinenment. The initial partial nodel, was subjected to sinulated
annealing and grouped B-factor refinenment with non-crystall ographic
symmetry restraints. The R-working and R free factors dropped to 28. 3% and
32.9% respectively. Several cycles consisting of iterative nodel building,
maxi mum | i kel i hood positional 15 refinenent and B-factor refinenent

foll owed. Only nodel adjustnments that resulted in a drop in the Rfree
factor were accepted. A bul k-solvent correction was enpl oyed



after the conplete nodel was built. The R-working and R-free factors of the
final nodel are 21.3 % and 27.2 % respectively for the data (F > 20) in
the 500-2.8 A resolution range. 20 The final 2Fo-Fc el eqty Td?ﬁﬁ’j' ty map is
of good I for nost of the conplex with the except|j o acid
resi duegﬂg?g{sgﬁ% of one | domain fragnent (nolecule A heifiug.y%g}lnt hat are
associ ated with weak el ectron density and have not been included in the
nodel . In addition, the entire constant_dgoain of one Fab fragnent has no
visible electron density, which indicates that it is disordered. 25 This
appears to be consequence of the absence of crystal contacts for the
constant. domain of the Fab fragnment due to its position within a |arge

sol vent chanpel,. ,This d i) also n included,in,t final nodel that
consi sts of n@”éﬂﬁ“aﬁ!‘ﬂ‘&”&?ﬁ%&f‘ﬂﬁé@? a %@f?h?grﬁ&hg %F@B’épti de chai ns,
and- 2 manganese ions, The r.ms. positional deviation between equivalent
resi dues frddatarelledtiPiconpl exes in the 30 asymetric unit is small (0.37 A
for 1660 equialbdiorensinnsd  behdid) at ons) 255.80¢R600ACIEGry statistics were

cal cul at ed \fipabe givmpsof t war e progr anms PBROCHECK 12 OCT 2005 WO 02/ 083854
PCT/ US02/ 4. 158konhén (Bapkowski et al., 54893 (2J9-24ppl . Cryst. 26:283-291;

Morris et alypigddRflectdlt €i ns  12: 3455364y and . Hydrogen bonds (< 3.6 A)
wer e found é{a L& Elgrgﬂgr.am CONTACT g%ct@yg + Skar zynski, | nperial College,
London, 1.1 p f a{ rati ve Conpu 19 'EfProj ect No.4. The CCP4 Suite:
programns for‘d“fﬁr;&%e . crystal | ography. g ggi )Acta Cryst. D50, 760-763). All
non- gl yci ne HBELSAY (except residue i (99 the L chain that wll be

di scussed below) are in the allowed regions of the Ranmachandran di agram and
86% of the rMedeues are in the nost favored regions. The average B-factor
of the mai n Nibab#r dmendl atem38. 5 A. Crys8s@l | ographi ¢ analysis data are in
Tabl e 4. WO1p2hP&3RptotdinZesiiubs 2005 PCi34502/ 11521 -98 Table 4. Summary of

Data Stati st¢giemdr dsyMaidid REE aphi ¢ Andloydhis, PRLB AG8IeRC P lomain
Average B-factor (A?%) 38.5

1!

15 Refinement
Resolution range used (F>20) 500-2.8

R-factor (R-working) (%) 21.3
R-free''(%) _ 27.2
Stereochemistry

20 RMS deviations
Bond lengths (A) 0.007
Angles () 1.43

¥ Values for the highest resolution shell given in parenthesis,
25 8oy of the data were allocated for the calculation of R-free factor.



Cell dinensions a, b, ¢ (A) Space group 5 Resolution (A) Unique
reflections Conpleteness (% Average I/s Rnerge* (9% 255.09 , 255.009,
38.64 P65 500-2.8 (2.9-2.8)t 35275 96.6 (87.7)t 11.9P2(BC29005 8.3

(30.9) twiQ2Meskel Nunmber of non-H atons 7950 Nunber of ps@fes9Iniea dues 1030
Contents of asymmetric unit 2 | domains, | Fab fragnent, 1 Fv domain
Average B-factor (A2) 38.5 15 Refinenent Resol ution range used (F>20)
500-2.8 R-factor (R-working) (% 21.3-9freest(% 27.2 Stereochemistry 20
RMS devi ations Bond | engths (A) 0.007 Angles () 1.43 * Rrerge =Z h 1i

| 1hi 1hl / En; 1hi Val ues for the highest resolution shell given in

par ent hesi sEx2mpld 28% of the data were allocated for the cal cul ati on of

R-free factor. Ph{iZx@@gRkatkscrit?d thelerdstalairud®dof the complex of a rathuman
chimeric «1-1 domain of the al_BII integrin and the hAQC2 Fab fragment.
Architecture of Crystal Sfructure

5 ~ The crystal structure of the complex of the rat/human chimeric «1-1
domain of the 11 integrin and the hAQC2 Fab fragment has an elongated shape
(Fig. 20). The dimensions of the complex are 100 A x 50 A x 35 A.

| The Fab fragment exhibits the typical immunoglobulin fold. The light
chain and heavy chains of the Fab fragment each form two broad sheets of anti-

10  parallel p-strands which pack tightly together to form a scaffold for the

| complementarity determining region (CDR) loops which extend from thé_ packed
sheets. Both the light chain and the heavy chain contain three CDR loops. The light
chain loops are called L1, L2 and L3, while the heavy chain loops are referred to as
H1,H2 and H3. The complementarity determining region (CDR) loops correspond to

15  canonical structure 1 for light chain L1, L2 and L3 loops and for heavy chain H1 and
H2 loops {Chothia et al., 1989, Nature 342:877-883). The heavy chain H3 loop has a
tight B-hairpin—likc conformation that is stabilized by internal hydrogen bonds as well
as two aromatic residues (Tyr104 and Phe105) that are packed against the light chain.
Residue Thr50 of L2 adopts mainchain dihedra! angles that fall in the disallowed

20 regions of the Ramachandran diagram. The same observation for the corfesponding
residue has been made for other antibodies (Muller et al., 1998, Structure 6,
pp-1153-1 1567) which indicates that this is a natural characteristic of L2 loops.

- | The «1-I domain in the present invention has a structure very similar to
the uncomplexed a1-I domain (PDB accession number ick4; Nolte et al., 1999,

25 FEBS Lett. 452:379-385; PDB accession code 1qc5; Rich et al,,1999, J. Biol. Chem.
274:24906-24913). The I domain structure exhibits a “dinucleotide-binding” or
“Rossman” fold (Rao & Rossman, 1973, J. Mol. Biol. 76:241-256) in which a central
sheet of five parallel f-strands and one small antiparallel-strand is surrounded on both
sides by a total of seven a-helices. The six f-strands of the structure in this invention

30 will be referred to as pA, BB, BC, 8D, BE, and PF and the seven a-helices are called
al, a2, a3, a4, a5, b and a7.



PCT/ US02/ 11521 Exanpl e 25 This exanpl e describes the crystal structure of
the conplex of a rat/human chineric al-1 domain of the alP all integrin and
the hAQC2 Fab fragnent. Architecture of Crystal Stric @€ 3f§he crystal

struct uwe® ®fossdae conpl ex of the rat/human chinmeric al-1 pgpigsImi9i the a 131
integrin and the hAQC2 Fab fragnent has an elongated shape (Fig. 20). The
di nensi ons of the conplex are 100 A x 501 x 35 A The Fab fragnent exhibits
the typical inmmunoglobulin fold. The 1i-dRP- chain and heavy chains of the
Fab fragnment each formtwo broad sheets of anti 10 parallel p-strands which
pack tightly together to forma scaffold for the conplenentarity

det erm ni ng regi on (ClRired capstanstic binexttrahftaturenextistdopladoneaihs. shedirst Bot h
the Iight chain and the heavy chain contain three CDR | oops. The |ight

chai n | oops chuacterpticeigature isithe prespnegof gpinsertedranalbbalix in g ﬁﬁ'laédﬁ@ are

| cops corr e4Ba % s HEloeste! e I RateRofpletirt GRLA) Bt RS § 05
| oops_and f givdnaay ¥s £s8adiftedivithRebak Ié}%c{r@@aﬁnsﬁ@%{bmug&esﬁl dlsorée%a‘md\lat ure

342:877-883). The heavy chain H3 | oop has a hai rpi n-1ike
conf or mat5i orappetm tqtsazsctcabcquezmbﬂajosameef madstahy@magenr bovtatts wigh th@IHab as t wo

aronatic re rl n 1 t hat re ked t

Shar e Rl gromid B ecrabiBiAd i oD Honenes & nifenas BB nby

the disallo f Rgegﬁ I, T atlon
for the cor\rﬂgglp 8§|°§gi“qr9’§§°?‘}ha§k"ﬁ°§s g%@%gg&?? ta?\}g'rﬂasal?\lﬁlbo |eegq%%§uélll er et

al ., 1998, Shodett Thesdspnd piprdctésiit Thdy oﬁ/aﬂdtdonmhsaatm/lﬂh.as ot Mdaltlena
natural characteristic of I§2 | gops. The al-|_domain in_the Epre,sgnt i nvention

has a st ructifPendeiMdhiesey- Ftef’@erqrﬁétalﬂﬁ%ﬁ’bq Hgangs gre implisatsd %edessi on

nmber IgGk4
nurber e 8} ighe8high o G kPl af 925 313 %Z%ﬁ&?%ﬁ??sé;ﬁ&.n
structure exDixSkSsT-B bt dhesd fesiénda, wilidhgire osmpletidy somerved andng Rao &

Rossman, 1973, J. Mal. Biol. 76:241-256) in which a central sheet of five
paral | el 13-demamsdeocaniatsibe et lone(ﬁi‘ﬁF‘ﬁ%lﬁ &f #e|1980 rnelasts G HiR9&EP8dn bot h

R N o i Y Pl R
the seven aNHVAS efc of @edabin@th indhis s@otu@3s oBskrvedbio cdfitaBdiMAT. mM& 1@3/ 083854
15 The ion is directly coordinated by the side chains of residues Ser156, Serl58 and
Thr224. The 2Fo-Fc electron density map shows no evidence that MIDAS residues
Aspl54 and Asp257 make water-mediated indirect coordination of the metél ion (Fig.
20). However, the apparent absence of water molecules could be a consequence of
the limited resolution (2.8 A) of the electron density map. The third feature of I
20 domains’is that all determined structures of I domains belong to one of two
conformations called “open” and “closed”. The differences between the open and
closed conformation include a different mode of metal ion coordination and a
significant (about 10 A) positional shift of the C-terminal helix of the I domain. The I
domain in the complex in the present invention is in the closed conformation. |
25 " In the structure of the cdmplex in the present invention, the Fab
fragment binds to its epitope on the front upper surface of the I domain with a
footprint 35 A by 30 A. The total buried surface area in the antibody-antigen interface
is 1534 A? which is typical of other ahtibody-antigcn complexes (Davies et al., 1996,
Proc. Natl. Acad. Sci. USA 93:7-12; Jones & Thomton, 1996, Proc. Natl. Acad. Sci.
30 USA 93:13-20). The surface is 25% hydrophobic and 75% hydrophilic in character.
The heavy chain contributes 65% of the buried surface area for the complex, while the



-100 1 2 OCT 2005 PCT/US02/ 11521 Three characteristic structural features
exist for | domains. The first <characteristic feature is the presence of an
inserted small helix in the PE-a6 | oop, terned as the €2h@CTx200bst of the
C heli o) f.,molecule A (Fig. 19) in the present inyv ' s associ at ed
W th mégﬁngﬁgg??on density, which suggests disorder. This %%63235 to be a
consequence of absence of crystal contacts or contacts with the Fab that
woul d have stabilized the | oop. However-1Glhe sane | oop in nolecule B (Fig.
19) in the present invention has well-defined el ectron density and has been

included in the nodel. The second characteristic feature of al-1 domains is
the M D_A_Sorreﬂﬁahﬁx%izm-is tanabsted by ARGt Ok The w0y ¥pitéle dofsistsapd | i gands
are inplicated to bind to the I 10 domain. Five key residues which form

part of the rr3idAS losated iaffonr logps of the I domainikssiymetBt., 290 €ell ThkéZ56ksi dues,
which are c | et conserved | .domai.ns, coor.di nate the nmetal ion
(Cotwal s et &S Oﬁé‘éé?opéﬁgﬁg}ﬁ@ﬁ‘ggég?éﬁ%ﬂ?gﬁﬁzf)&qf‘ﬁ}éc%l?t%? s in the
present i nVeRhiQfedBXKSIH fleld?, fotag 2R6S220 6ich coRBREARE MIDATHDS4 add DAS
site of the | domain in thi's structure is” observed to contain a Min2 net al
ion. 15 The logm3i(BDeis) dlwat eyntaime MIDYSS eedidnyg Ash258i The fohaeth deopds theaS-hellire s

Ser 156, Ser 158 and. .Thr,224, The, 2Fo-Fc el ectron density map shows no
evi dence t haf® ingRlyef i onhpingmmer eopacks p257 nmke wat er - medi at ed i ndi r ect

coordi nati on of the magﬁé ccin%lfeﬁugeoftﬁg ti@%@iﬁ’%ﬂﬂgﬁa&ﬁﬂwgt absence of

wat er nol ecul es coul d be a consequence 0O resolution (2.8 A) of

t he el ect r orcodriigsation ofihe MIDAS ditermetildad by Aspl 01 i3t tHoTHRHS $thehat al |
determ ned structures of | domains belong to one of two conforn{irations

cal | ed "operftibpdy (Fig.c2BdThe gitange between tedomardyodh of Asp W dn24d Inc| osed

Croni 11 ca AR 88 g Wph e I R tacthh Uisp LR BRTRNER, 7 e

donai n. The thterék@BlyNtHerCIDR 1T unpdiRKsevbral Ql?ciﬁé@é&ﬁtﬂﬁes laBje€dlit k®Asp191i N t he
closed conformation. 25 In the structure of the conplex in the present

i nvention, t{ersjurnte GFERNHBRISEQIEENOW2): pregymnabdy to dipw prough daxiblisper sur f ace
"n the ant| BBUGDIh IO dn prAtkProaBeeotrlnatontibe miie iR sehtpRer ° 7
ant i body- anti} geRnGANPINO %St (PRVhESoRl aftibodickIRE werbrfsed MNafnkt thé\samse Sci . USA
93:7-12; Jones & Thornton, 1996, Proc. Natl. Acad. Sci. 30 USA 93:13-20).
The surf &%e ansigengadioand phbilpug mribic 7806 tlpsir dydbstiaf the antibpdy vesidues that are
involved in antibody-antigen contacts are located in L3, H1, H2 and H3 CDR loops.
A few residues from the L1 (Asn30) and L2 (Tyr48) loops appear to form minor Van
Der Waals contacts. L3 primarily contributes to contacts through two large
hydrophobic residues, Trp90 and Trp95. In addition, Asn93 from L3 forms hydrogen
20 bonds with Gin223 of the [ domain. The side chains of His56 and Tyr58 from the H2
loop form hydrogen bonds with main chain atoms of loop 2 of the I domain. Arg31 of
H1 is in contact with Arg291 of loop 4 of the I domain. Arg222 from loop 2 of the 1
domain is sandwiched between several antibody residues including Tyr58, Trp95 and
Asn93. This is the only residue out of the four mutated in the RAH I domain, ﬂmt is
25 involved in contacts with the Fab. It is therefore likely to be the only residue
responsible for restoring the binding of the antibody after the mutagenesis.
Comparison of the crystal structure of the complex of a rat/uman chimeric al-I
domain and the hAQC2 Fab fragment with other I domain structures
The chimeric RAH a1-1 domain has four sequence differences with the
30 rat «l-I domain (rat residues: 217G, 218R, 219Q and 222L), eight sequence

differences with the human a1-1 domain (human residues: 163D, 166T, 214K, 264H,



The heavy chain contributes 65% of the buried surface area for the conpl ex,
while the WD 02/083854 - 101 1 2 OCT 2005 PCT/ US02/ 11521 renai ni nsq 35%is
contributed by the light chain. The antibody epitope consl 2t 8Cbrd005 esi dues

| ocat ed| .l oops of the | domain (Ensley et al., 2QQGyudeshisz}01: 47-56).
Thr ee g?'b{]ﬁjgg#g%ps formthe MDAS site: loop | (RA- al) which contains the

conserved DXSXS sequence, |loop 2 (a3-a4) which contains the M DAS Thr224 and
5 loop 3 (3D-a5) that contains M DAS redl@ue Asp257. The fourth loop is the
C-helix loop and is involved in only in mnor contacts. The central feature
of the antigen-antibody interaction is the coordination of the MDAS site

netal ion byeaKp28¢E, 3201 &M 38{:612@8 téi3seqhierdch QifferBhded adih thEtBne 464 in The
di stance between the ion and 081 of Asglo_l is 2.4 A in 10 addition, the 062

at om of Asp ciyGtalisgu¢tutesstadies eichumanta 1y in (lonewesidueso ko3, 166nt #Est i ngl y,

the CDR H3 aj r | esi dj acent t.0 1 sequence
GFGDGGY) ( SE%?%" k%ﬁs;@’i&%ég hﬁ%ﬂi%ﬂ@lﬁ%ﬁfe ‘JE}Q'HD{}F&E‘F%FA%% P‘{lé?t‘%' thguCDR_

| oop to per polnaR{ @R&al SARGEE (BB ABcREiof BicRka! NbROet al NosDREHS rpgquence is
essentially 1 nvarirant in nonoclonal antibodies that were raised against the

sanme 15 ant i4§21378:85), sbmd!-{ dohwirogtaing rolteusd meetallicsssandMdsepts tie "chsedint | body

residues that are .involved ji.n antjbody-antigen contacts are |ocated in L3,

HL, H2 and 18 a‘il%p@.tﬁe Kﬂff%ﬁﬁ?‘f—‘@w-ﬂ& cEyStal SEREHEERCCEFEN P9 Ty r 48)

| oops appear ' V Der, al 1 R ' contri butes
1gE# ﬁﬂ{g@tm., 99 %“B@.e créh _2%45‘2‘&96@%%3)@8@6 Igﬁggial#

to contacts thriough two ['arde” hydr ophobic tesi dues, p95. In

addi tion, AzpRQirstomnd Bl bambsihyldiipadopts the cheedisonfbiniatichn 3dgeriropositiva |
dormai n. The side chains of H.s56 and Tyr58 fromthe H2 | oop form hydrogen

bonds with athese s fregteiss with theepnplexsd chiaeric ghhdpmainipdigates that thefe j s i n

contact yut : \ . I f the I
domai n iiéﬁ sgﬁégﬁwﬁéE%IHQED%Atn\%%glr]aﬁggéjgbga}fge%H?%@CF %ﬁﬁé@sﬁlﬁé@ku ﬁ%ﬁ yr58,
Trp95 and Aski¥idnal Hevitibs betweeen Meral £8iclitferiik ] -DHohbie if 0104 Aftrallgdsi n t he
RAH | domain, that is 25 involved in contacts with the Fab. It is therefore

likely to benainehanptpmsestharan sy pasisions] daviatipp betvessn die hgnanandishivaetiy of t he
a0t 00y a1\t e GBEIERL o SAIRPSREE A, THE bR L 0L
with other langeRBhdtict1-IEdHAIRDair) are observed in loop 1 (r.m.s. deviations 1.24 A for
15 main chain atoms of residues 154-161) and the loop 4 (C helix loop) of the ¢ 1-1
domain (r.m.s. deviations 1.55 A for main chain atoms of residues 288-296).
However, these differences can be more accurately described as shifts of the whole
secondary structure elements rather than complex conformational changes. These are
likely to be within the normal range of conformational flexibility of proteins. The
20 r.m.s. positional deviation between the human and chimeric «1-I domain for backbone
atoms of amino acid residues Glu192, GIn218, Arg219, Gly220, and Gly221 (crystal
numbering) is 0.33 A. The r.m.s. positional deviation between the rat and chimeric
o 1-I domain for backbone atoms of amino acid residues Asp154, Serl56, Asn1_57,
Serl58, Tyrl60, Glul92, Gin218, Arg219, Gly220, Gly221, Arg222, Gln223, Thr224,
25 Asp257, His261, Asn263, Arg291, and Leu294 (crystal numbering) is 0.97 A.
The I domain maintains the "closed" I domain conformation that has
been observed only for unliganded I domains crystallized in the absence of ligands or
pseudo-ligands bound to the MIDAS site. The r.m.s. positional deviation of the
C-terminal helices of the human and chimeric I domains (calculated for the main
30 chain atoms of residues 321-335) is 0.64 A. A simulated annealing omit map
calculated for the final refined model unambiguously confirms that the position of the



The chinmeric RAH al -1 domain has four sequence differences with the 30 rat
al -1 domain (rat residues: 217G 2188, 219Q and 222L), eight sequence
differences with the human al-1 domain (human residues: 116307 MBT. 214K,
264H, WodR/ie$e3854 - 102 1 2 OCT 2005 PCT/ US02/ 11521 268KcrR8émisi221 and
380T), and ten sequence differences with the clone used in the crystal

structure studies of human al-1 domain (clone residues: 163D, 166T, 174E,
214K, 2301, 264H, 268K, 288S, 3221 and-383F). In the unliganded rat al {31
al -1 domain crystal structure (PDB accession code 1ck4; Nolte et al., 1999,

FEBSLett. 5 452:379-385), the al-1 domain contains no bound netal ions and
adopt s t.he - 'Ctepmih] helio BhdidiadnoOstructuraltdnetnis ilganesicteAUWRR titlcldseglomai n

crystal structure (accession code i qc5; Richet.al., .1999, J.. Biol.

Chen:. 274: zau@pemalon3), the a | -| dorrai n contai ns bound Mr and
sim'larly adopts the osdconfo d1on .of these two
structures with the Cgﬂﬁqug 8“31?? ffeggggg ' gé%h&m[dﬁ%lf){et here 10

ar e only m %%talqeﬁt:%m{dt@ﬂathe@mﬁ%fuﬁqﬁ Meﬂiﬁﬂ Redsupbiingbdea withe

.ms. positional deviation between the rat and chineric al domain is
1. 04 A for &hdstigguresraf ﬂne@mhgfmdad oxPsl donpean (PlaBgcccpﬁ@mtqodﬂMoxcie‘imﬂw &n

bet ween the a i.s O A for all 764 main chain
atons. The ﬁrgg@s]]t’ ‘8%!“? 2(%&%3'%% ngdl the,4d+ ?B%Plfﬁwd'&#‘diea“ﬁ%) are
observed i ”cbﬁgé Jpeiaﬁdé'LIiDB%é’ésﬁbh Bblfe lliz?“}zni’sléyﬂétaﬁzm QZe@lh@'l 2799695 Of

resi dues 154-161) and t | oop 4 (C helix | oop) he’al -1 domain (r.ms.
devi ati ons ﬁ"tﬁ&oé;rdlmtlammfrhh&:tmatahlcmtho'rmmt)l lfIBﬁ‘l ﬂiﬂ@at@@ﬁt@@ﬁ)larkampmbm t hese

di fferences c re accurately describ s.shifts of the whole
secondary s t? ‘iﬂ" 1By tge}ngfa%’rnq ﬁ%en“%gaﬁméwt%%gqufﬁlﬁa@ﬁéﬁonbw&nges

These arg, ti@%%ﬁ JE gnﬁé‘ ﬂ%ﬁ%ﬁlﬁ?e Q1 iTRondeARMSs P‘Ie CAR AR %&P&Itlon of
erX|b|I|tyo I NS 2 m s. positiona evli at1 on between

human and chhemyidic @dauplwdhtﬁas%lf(ﬂuszﬁaukﬁheme 1 duin@ain). oAl diDeS Eeslddesr(ﬁ'SI dues
Glul92, Gln218, Arg219, Gly220, and 221 (cr st al nurrberl ng) is 0.33 A
The r.ms. post Wlawarﬁ&éa%&l%ﬁws@t%b% e Ser 38 adogt eantarmatens ¥rY| domai n

Lo ook Ear S o000 e ESHIRE d5RARY T SHLAR0 AR IRApe 0BT 195,
Asp257, Hi sZeil56AandSes] 58hay 280 as drcndtel 20pt comfpshationswimiar wig) those &F. 97 A.

The | dommin naintains the "closed" | domain conformation_ that has
the liganded I domain. It is clear that the coordination of the metal ion by Asp101

does not allow the ion to maintain the position and coordination distances that are
observed in the unliganded state. Thus, the metal ion is not directly coordinated by
Asp257, a fact that permits the ion to maintain high electrophilicity.
Biological Implications

20 In the present invention, there is no direct coordination of the metal by
Asp257, which may permit high affinity binding by lowering the energy'barriér
between a closed (no ligand bound) and open (ligand bound) conformation. However,
the coordination of the metal by an aspartic acid from the antibody is not sufficient to
induce the open conformation to the I domain in the present invention. The I domain

25 - Fab complex structure indicates that it is possible to have strong binding to the I
domain that adopts the closed conformation and that coordination of the metal ion by
an acidic residue from the ligand may be necessary but not sufficient to induce a
conformational change to the open state. Binding of the antibody is expected to
stabilize the low affinity state of the integrin and prevent the outside-in signaling that

30 would have accompanied integrin binding to collagen.



been observed only for unliganded | domains crystallized in the absence of
| i gands or pseudo-ligands bound to the MDAS site. Thﬁ rngSnU ositiona
deviation of the C-termnal helices of the human and @i i% domai ns
(cal cul‘%@qﬂmgﬁg the main 30 chain atons of residues 321-pg3fyséf162164 A A
simul ate anneafing omt map calculated for the final refined node

unanbi guously confirnms that the position of the WO 02/083854 -103 1 2 OCT
2005 PCT/ US02/ 11521 C-terminal helix andOd4dj acent structural elenents are
consistent with the closed conformation. In order to investigate the
effects of ligand binding to the nodes of netal ion coordination, the
structure of the preselkhduphahé foRezolaSinSeHin il Gees dvdctibedint Sdgestetaiiciyur es of
t he unliganded a2-1 domain (PDB accession code |aox; Ensley et al., 1997,
J. Biol. Cheévayd7usteyon apdsuamplsfer pumesepof cladiymimndeniandiugdit Wikl he a

col | agen peptide (P i-on co | dzi. Ensley et al. 2000.. |1

101 49- 56y - Mgt R SRR i BB Bt shin RS R p B Eer IR B e boay

i s remar kablpyadticsd.| Bherefode, thed&eaptinatiefBrplestshoulaBiodbe Lobtatd the a2- |
dormain by a glutamic acid fromthe 10 col |l agen peptide. Another feature that

i s conser¥edintging the ssopeiof thedovestivmt er acti on of the acidic group with

Hi s261 (H s258 in the a2-1 domain). All MDAS residues of the |I domain-Fab
conpl ex except Ser156 and Ser 158 adopt confornmations very simlar to those
observed in the unliganded I domain. In contrast, the side chains of Ser156
and Ser158, as well as the netal, adopt conformations simlar with those of
15 the liganded | domain. It is clear that the coordination of the netal ion
by Aspld does not allow the ion to maintain the position and coordi nation
di stances that are observed in the unliganded state. Thus, the netal ion is
not directly coordinated by Asp257, a fact that permits the ion to maintain
hi gh electrophilicity. Biological Inplications 20 In the present invention,
there is no direct coordination of the netal by Asp257, which nay permt
high affinity binding by |owering the energy barrier between a closed (no

| i gand bound) and open (ligand bound) conformation. However, the
coordination of the netal by an aspartic acid fromthe anti body is not
sufficient to induce the open conformation to the | domain in the present
invention. The | domain



25 - Fab conplex structure indicates that it is possible to have strong
binding to the I domain that adopts the closed conformati on and that

coordi nation of the metal ion by an acigi residue fror’mﬂr‘@ﬂizgwd may be
‘necessary but not sufficient to induce a "conformational change to the open
state. Binding of the antibody is expected to stabilize the low affinity
state of the integrin a%%ne‘gent dt.he outside-in signaling that 30 woul d
have acconpani ed integri h f“ﬁbe 5 col | agen. 1 2 OCT 2005 WO 02/083854
PCT/ US02/ 11521 -104 Al though the foregoing invention has been described in
sone detail by way of ilt K3ty -nl %F%Hmé&a'#ﬁ#eehqawdzﬁaﬁlm@@n@fﬁaanarity of
understanding, it will be apparent to those skilled in the art that certain
changes and ndefermigig igawnape|/defoed by aminoged. resithensfl s¥5<(CDORD, 68 (CHR2Yn and
exanpl es should not be construed as 5 limting the scope of the invention. C
C -105 12 OCTa2d 0% 1Wh4CDRS) of SEQED NQ:2 (Kabaimuatbering/tohvéntioil)i body whose heavy
chain conplenentarity determning regions are defined by amno acid

residues 31-35 (CDRL), 30168 ab@¥R)of chitdl 19%haih thORRBodgcoSERkdsht Na? ( Kabat

nunbering convention). 2. The antibody of claim1, wherein the antibody

conprises at QW i, b A ain: V12,
£56" Aso. To3°Redt tgfifoihg kiEeld Gl bRV G FD AR TSI RORD

conplenmentarity determy,ni r €qhH0 ar. efi ned. am no acid residues

24-33 (CDRL), 49-55 (cggz)ﬁgsﬂ%‘wéf!?'gé“f‘%‘fh%q@%ﬁ%?@ SRIBAY nunber i ng

convention). 4. The antibody of .claim3, wherein the aniibody conprises at

| east one of IEIRENIHIE rﬁﬁﬁoﬁﬁgﬁeé@ﬁ ﬁrﬂmptag@rr?ﬂﬁ?%@ﬁai CIRY), 49-25 §GHBREY 1. 5.

An anti-VLA-1 antibody whose |ight chain conplenentarity determ ning

regi ons are dend f&EFOHGDRI) abSERILE N4l Hiabat rrunbeping gonvegtien). 55 and 88 to 96
SEQ I D NO 1, and whose heavy chain conplenentarity determ ning regions

are 4. The antibody of claim 3, wherein the antibody comprises at least

one of the following residues in its light chain: Q1, L4 and Y71.

5. An anti-VLA-1 antibody whose light chain complementarity
determining regions are defined by amino acid residues 24 to 33, 49 to 55 and 88 to
96 of SEQ ID NO:1, and whose heavy chain complementarity determining regions are
defined by amino acid residues 31 to 35, 50 to 65 and 98 to 107 of SEQ ID NO:2.

6. The antibody of claim 5, wherein the antibody comprises a light
chain variable domain sequence of SEQ ID NO:1 and a heavy chain variable domain

C sequence of SEQ ID NO:2.

7. The antibody of claim 5, wherein the antibody comprises the same
heavy and light chain polypeptide sequences as an antibody produced by hybridoma
mAQC2 (ATCC accession number PTA3273).

8. The antibody of claim 5, wherein the antibody is a humanized
antibody.

9. The antibody of claim 8, wherein the antibody comprises at least

one of the following residues in its light chain: Q1, L4, P46, W47 and Y71; or at least



defined by amno acid residues 31 to 35, 50 to 65 and 98 to 107 of SEQ ID

NG 2. 6. The antibody of claimb5, wherein the antibody conprises a |ight
chai n vari abl e domai n sequence of SEQ I D 1 and a heavy’rrg v 2085 abl e
‘domai n  sequence of SEQ ID NO 2. 7. The antibody of claim5, wherein the
anti body conprises the sane heavy and |ight chain pol ypepti de sequences as

an anti body produged hybri doma, . I SSli u r PTA3273). 8.
The ant i botly' OR B e dolowhassaities inB vy by 6 G5 SoeiDeR s, mi B39 6.
The anti body of claim8, wherein the antibody conprises at | east one of the
fol | owi ng resifaed nimbeHiag ¢OryRRtAMai n: QL, L4, P46, W7 and Y71; or at | east
CC- 106 1 2 OCT 2005 one of the following residues in its heavy chain:
D1, V12, S28, F29, A49, 199Fhe paubodydblaim §uwhercinthe entibodycomplisesadightThe
anti body of claim@8, wherein the antibody conprises a light chain variable

domai n sequenchaidehiistde doyamnseqeenae defined diydrdso dcid eesikides o BEPASEQN® 3, and
a heavy chain vari abl e donmai n sequence defined by amno acid residues 1 to

118 of SEQ | DN¥§34andlalheaVi @haih ivhisly dthaif lséuehéb deMned 8y AniktSaciidsiiRdy |

conprises the sanme heavy and |ight chain polypeptide sequences as an
anti body prod b dbe hAQC2 (ATCC accession nunber PTA3275). 12.
The anti body g‘??gqg?/% ,d)vm%{raéi n the heavy chain is nutated at one or nore

of am no acid residues l ected.from.the gro consi st.i of r.esidues 234,
235 236, 237, 207, 31g11338° ‘?@%?fﬁglﬁ"%u%gﬁ"}“nﬁeé&‘/‘é‘%"gg)c?mi’ﬂé"rséﬁﬁ/s%’é%si ng
an alteration_in an effector functjon while retaining binding to VLA-1 as
conpared wit ReayY g Fhaly palPIRsida jequences ppan a?H‘?OSHdP}PCBlPeQ:g)&F?H e wherein
t he antibody conprises the nutations L234A and L235A (EU nunbering system
ia&its heavy 2 ATCompeassian nuinber BPAIZYAbdi fi ed anti body. 14. The

ti body of claim8, wherein the antibody conprises the sane
12. The antibody of claim 8, wherein the heavy chain is mutated at

one or more of amino acid residues selected from the group consisting of residues
234,235, 236, 237, 297, 318, 320 and 322 (EU numbering system), thereby causing
an alteration in an effector function while retaining binding to VLA-1 as compared
with an unmodified antibody.

13. The antibody of claim 12, wherein the antibody comprises the
mutations L234A and L.235A (EU numbering system) in its heavy chain as compared
with an unmodified antibody.

C 14. The antibody of claim 8, wherein the antibody cémpn'ses the same
heavy and light chain polypeptide sequences as an antibody produced by cell line
hsAQC2 (ATCC accession number PTA3356).

15. The antibody of claim 8, wherein the antibody is mutated at an
amino acid residue that is a glycosylation site, thereby eliminating the glycosylation
site.

16. The antibody of claim 15, wherein the antibody comprises the

mutation N297Q in its heavy chain (EU numbering system).



heavy and |ight chain pol ypepti de sequences as an anti body produced by cell
line hsAQC2 (ATCC accession nunber PTA3356). 15. The ﬁzt bEﬁgzl f claims§,
wherein the antibody is nutated at an amino acid resitde 0hs a

‘gl ycosylation site, thereby elimnating 1 "glycosylation site. 16. The
anti body of claim 15, wherein the antibody conprises the nutation N297Q in
its heavy chain (EU nunbering s sten&. 1 2 OCT 2005 -107 17. The anti body of
claim8, wherein the an”-b@h“iﬁ@%‘ﬁﬁw daim fovhessin therasibgd y semprises thecsramen

pol ypepti de sequences as an anti body produced by cell line haAQC2 (ATCC
accessi on nunheavyREANZEOhaiN®IypEptidyeguéncenas ancantibody prgdaceddnt ¢elbldihe of any
one of clains 8-17, and a pharmaceutically acceptable carrier. 19. An

i sol at ed nucl RaAQERI(ATCOREessSionumbepPTAZ2BHquence for the antibody heavy
chain according to claim1l. 20. An isolated nucleic acid conprising a coding

sequence for the antib@S’.YA'doﬂﬁﬁbsiﬁBﬁEéhxﬁ%ﬂ’éﬂ%Eigb%@fﬁ{)%&of?&ain@!&iﬁm at ed

nucl ei c acid conprising a coding sequence for NG"1l. 22. An isolated

nucl eic acid méﬁﬂn@&uﬁcﬁ%&gﬂﬁﬁ%ﬁﬁ% for SEQID C NO 2. 23. An isolated
g a caodin

nucleic acid conprisin sequence for the [light chain of an

anti body produced by hygéi or.razg)%‘z (iAqu“ accessi on_nunber PTQB%)' 24.
An isol ated nucl ei ¢ aci cg’ﬂﬂﬁpll PHPCIEIC B OMRRYRE A LRAIPg Sequsace 10r chain
of an anti body produced by. hybri doma mAQC2 ( ATCC accessi on nunber PTA3273).
25. An i sol at @Hibedy heywy dieingicerdpgiteclagmd. codi ng sequence for the 1ight

chain of an antibody produced by cell |ine hAQC2 (ATCC accessi on nunber
PTA3275). 26. An isol at 28l Anddoddted muslelc eadpomprisipg a codidg sgqwaceifondlee f or t he

antibody light chain according to claim 3.
C 21. An isolated nucleic acid comprising a coding sequence for SEQ ID

NO:1.

22. An isolated nucleic acid comprising a coding sequence for SEQ ID
NO:2.

23. Anisolated nucleic acid comprising a coding sequence for the
light chain of an antibody produced by hybridoma mAQC2 (ATCC accession number
PTA3273).

24. Anisolated nucleic acid comprising a coding sequence for the

C heavy chain of an antibody produced by hybridoma mAQC2 (ATCC accession

number PTA3273).

25. Anisolated nucleic acid comprising a coding sequence for the
light chain of an antibody produced by cell line hAQC2 (ATCC accession number
PTA3275).

26. An isolated nucleic acid comprising a coding sequence for the

heavy chain of an antibody produced by cell line hAQC2 (ATCC accession number

PTA3275).



heavy chain of an anti body produced by cell |ine hAQC2 (ATCC accession
nunber PTA3275). 1 2 OCT 2005 - 108 27. An isol ated nucl ei{c} §{Td 2889npri si ng
a coding sequence for the heavy chain of (gg_anti body produced by cell line
haAQC2 ( ATCC accessi on nunber PTA3274). 28. An isolated nucleic acid
conprising a coding sequence for the heavy chain of an anti body produced by

ol e 1A (R S R o e Sl AR

acid conprising a coding sequence for Tresi

An isolated nucleic acigd conprising a coding.s e f resi.dues to 118
of SEQ 1D N dhea% Enait bt IPDERBRRLTooP ted e GHALLG HRE S PESRPREEES di ng
to claim?2l1. 32. A vector conprising the isolated nucleic acid according to
claim?22. 33. BAAIF4itro nethod of determining the level of VLA1 in a
tissue, conprising contacting the tissue with the antibody of claimb5, and
detecting the binding di8.theisaktddondieid wid benprissgie coding seugnaefoethri ni ng
the level of VLA-1 in the tissue. 34. A cell of hybridoma mAQC2 (ATCC
accessi on numihyvyditade é8an mﬁﬁodﬁgmmwca‘uqrne%@d}@ (IrEC tabéRsiod niRBel onal

representation of: - 109 12 005 (a) a nol ecul ar conpl ex, wherein said
nol ecul ar conp-ex3dsgy. defined by the set of structure coordinates of a
conplex of a chinmeri¢ | domain of a al(31 integrin RAH and a humani zed

a1 ody TAGER, aceordlng 8 e kPl SRR S R PEL o
backbone ato rrsresg];lugnli trcl)ol O%Coif %iQofD ISQ%)I?
30. An isolated nucleic acid comprising a coding sequence for
residues 1 to 118 of SEQ ID NO:4.
31. A vector comprising the isolated nucleic acid according to claim
21,

32. A vector comprising the isolated nucleic acid according to claim

22.

33. An in-vitro method of determining the level of VLA-1 in a tissue,
comprising contacting the tissue with the antibody of claim 5, and detecting the
binding of the antibody to the tissue, thereby determining the level of VLA-1 in the

tissue.

34. A cell of hybridoma mAQC2 (ATCC accession number

PTA3273).

35. A computer for producing a three-dimensional representation of:



nmol ecul ar conpl ex of not nore than 0.65 A, wherein said conputer conprises:
(i) a machine-readabl e data storage nmedi um conprising a p teCEimIRae

materi al encoded wi th machi ne-readabl e dat@g- wherein said data <conprises at
| east a portion of the structure coordinates of said conplex, according to
Fig. 19; (ii) a working nmenory for storing instructions for processing said

machi ne-readabl e data; (&) i) aandlelidrdlomPieXs FRsleRbsatiinbice Q4P b&dpleR isai d
working nenory and to said nmachi ne-rea abl e data storage nedi um f or

processing sadndPeingSeldtHaLE SBlALARAARNERA ST difthel PAGRTRE 252! ¢

machi ne readabl e data into said three-dinensio representatiron ; and (iv)

a display couplgd.to sabd..central - processi it for .displayi sai d

t hr ee- di mensi @Aﬁfﬂﬁ%&g}ﬁ%&h& iac;w_magbzf: m‘%@%@‘?sﬁgﬁ%‘a&tg.Flaéfdgﬁ?ri fying an
i nhibitor of an I domain of an integrin conprising the steps of: (a) using
structure coordinates of(b)l'nAQE’bO&"f?itl?%‘cé’éF%}g"&fﬁ?ﬁﬁhf@?@ﬁlexa%aﬂi awplogag en

resi dues selected fromthe group consisting of light chain residues Asn30,
Tyr 48, Trp90, hsange roXgne® sgnate Tepoton fonh thebackbohmitnms of aohiresacBty @Baid
Arg3l, Trp47, Serb52, Gly53, Hi s56, Tyr58, Phe99, dyl00 and AsplOl,

accordi ng to nfdlesuldt@omplex ofmot morethais 0164rkg devi ati on from the backbone
atons of said hAQC2 am no acids not nore than 1.10 A, to generate a

three-di mensional structure Qfhefein RAiddbiBuRt tSmpriddd: enpl oying sai d
t hree- di mensi onal structure to design or select” a potential antagonist; -110
12 OCT 2005 (c) synthesi zi ng (Bai d apnachiterrghdabie dajostosge metiurg ¢pmpdisinget i ng

ot ent al " ant S5 M SR paleri oo edlirt kRS SBhBE aold P8I 6 of s o
potential ant a@@ptisds dt Geabttl RoTA6H ofihe BirbAZobrlihAtes Saldimpleg abesramiital

antagonist is_ an _inhibitor of the | domain. 37. An in-vitro method tor
i denti fying aki&nflibitor of an | domain of an integrin

(i)  a working memory for storing instructions for
processing said machine-readable data;

(i1i)  a central-processing unit coupled to said working
memory and to said machine-readable data storage medium for processing said
machine-readable data storage medium for processing said machine readable data into
said three-dimensional representation ; and

(iv)  adisplay coupled to said central-processing unit for

displaying said three-dimensional representation.
36. An in-vitro method for identifying an inhibitor of an I domain of an integrin

comprising the steps of:

(a) using structure coordinates of hAQC2 amino acids comprising
at least seven residues selected from the group consisting of light chain residues
Asn30, Tyr48, Trp90, Ser91, Asn93 and Trp95, and heavy chain residues Ser30,
Arg31, Trp47, Ser52, Gly53, His56, Tyr58, Phe99, Gly100 and Asp101, according to
Fig. 19 or a root mean square deviation from the backbone atoms of said hAQC2
amino acids not more than + 1.10 A, to generate a three-dimensional structure of a
binding site; |

(b) employing said three-dimensional structure to design or select a

potential antagonist;



conprising the steps of. (a) using the structure coordi nates of | domai n
am no acids residues Asplb4, Ser156, Asnl57, Ser 158, Tyrlqp S@J
Gln218, Arg2l19, Gly220, Gly221, Arg222, G}g§223, Thr224 % H s261,
Asn263, Arg291, and Leu294, according to Fig. 19, to generate a

t hr ee-di nensi onal structure of a binding site; (b) enploying said

t hree- di nensi onal str uctqd;e tsﬁ?’g‘gg‘%?@tsgldé’%§ %San?a&ﬁﬁ% %H(til al antagonist; (c)

synt hesi zi ng sai d potent acting said potenti al
antagonist with the | domain to et er.m t he abil.i ty. of otenti al

ant agoni st to interact v&g‘s1 h t??é’tﬁcgﬂ%ﬁaéiiﬁown aPEIIEh ﬂh‘b‘f‘é%llzﬁogﬁe%‘ﬁﬁna
potential antagonist to interact with the | domain indicates that the
potential ant d§eabdity plsardpqtemiabamtagongst tq interact daelHC2gvhespinithe shikiyefnet hod
for identifying an inhibitor of an | domain of an integrin conprising the
steps of: (a) sasl pajentiad atagaristue etoedrdimiaA@E2 didicdted thatsthe potesteal afitagordstnai n
am no acids conprising residues 3 ul92, GLn218, Arg219, Gly220, and Gly221,
accordi ng to Hk@gn idfbit@fof thd Ildimdigan square devi ation fromthe backbone
atons of said | domain am no acids not nore than f 0.30 A, to generate a

three-dimensional  strugyUAR ;R Ribhdl B8k idbdtEyinglah istibiteyoMg 198iin of an inte
t hr ee- di nensi onal structure to design or select a potential antagonist; -1 1

1 2 OCT 2005 ( ﬁ 't%' ng%sal d potential antagonist; and (d) cont act i ng
sai d potentlal &N the | domain to deternine the ability of
said potential ant agonl sf. to interact with the | dOITB.I n,. wherein the

ability of said potenti )ant‘éﬁlﬁwﬁh§tstr?‘6mier?f’@l’déf&tesvﬂ £ domgin mige aeidn | nd| cat es

that the pote t Cﬁﬂﬁrﬁi

in-vitro Pret hor%h?hesé}? ent eglisndg%gﬁgs;ng@c}gtge n (lﬁbcltﬂpg?i rfz\%%l?f)éi n of an
integrin conprGhi2ag (ﬁh@Zhuﬁa‘gﬂZ)fGanZB) Tobt24| Aspf7a His3Et Alsn2i3pprgZdinagndan |
domai . wher el PLuoBe SENStal i 8 VR ASLEN 26kl 38R0 bR T hirdlnd O

and has a unit
site;

(b) employing said three-dimensional structure to design or select a
potential antagonist;

(c) synthesizing said potential antagonist; and

(d) contacting said potential antagonist with the I domain to
determine the ability of said potential antagonist to interact with the I domain,
wherein the ability of said potential antagonist to interact with the I domain indicates
that the potential antagonist is an inhibitor of the I domain.

38. An in-vitro method for identifying an inhibitor of an I domain of an integrin
comprising the steps of:

() using the structure coordinates of at least three of I domain
amino acids comprising residues Glu192, GIn218, Arg219, Gly220, and Gly221,
according to Fig. 19, or a root mean square deviation from the backbone atoms of said
I domain amino acids not more than + 0.30 A, to generate a three-dimensional
structure of a binding site;

(b) employing said three-dimensional structure to design or select a

potential antagonist;



255. 09A, ¢c=38. 64A; (b) obtaining structure coordi nates of am no acids of the
crystal of step (a), wherein the structure coordi nates are sm-[f% hin
Fig. 19. (c) generating a three-dinensionglioodel of the I 1do n-of an
integrin using the structure coordi nates of the am no acids obtained in step
(b) with a root nmean square deviation fromthe backbone atons of said am no

acids of not nmore than 1. I f1a 1.1 | i site of the |
k) 1. Sy heénﬁlznggiﬁg%5%951%%%0%@%@9

dormain of an integrin from said t i mensi ona and (e) perform ng
conputer fitting analysis,to ident.ify.the candidate  i.qhibitor which
interacts with said bi no(lﬁ hg s ga.cgﬁ%yaléfﬁ‘gte%ﬁl ﬁ%tag%%%tc‘)’\”&t § 1 ogmaintem 39,
further conprising.the step of:.  (f) contacting the identified candi date

i nhi bi tor w t Kefe H}Fégﬁ ab‘fl%f ﬁ%&w%e&t@?%ﬁﬂmﬁt ?fbmf%cté}mhl the | dempaigg; g

potenti al antal%i)ni_st to interact with | domain of integrin, wherein the
ability of saivehopeindin atulityariisaigpetentiak antdgonist wantevdct withithel dondwnedicates
indicates that the identified candidate is an inhibitor of the | domain. 41.

The met hod acahatdhapotemtiallaniapodish is wh @thébir bhthelidomiailg site of the T domain
determned in step (d) conprises the structure coordinates according to Fig.

19 of ami no aci d resi duegofsp hbdisronEthe® forAdentiiying @etddiate Iyhibits of G@h 0 48RAaimr of
112 1 2 OCT 2005 Gln218, Arg219, Gly220, dy221, Arg222, Gln223, Thr224,

Asp257, His26 tAét?% . Leu294, wherein the root nmean square
devi ati on fro#ntlﬁg g@‘ﬁlgﬁﬁgggl%mn%p@%' said amno acids is not nore than 1.5
A. 42. The met hod accordi pg t% cl aim 39 1v\/nerei.n th? bi ndi ?}%ﬁsi.t of the I
domai n deternined in ste(lﬁ ( d) tBRbeAsDst! samppsing ap X dowgiy, ghgienthe ovstal gi ng

to Fig. 19 ofis gibrMerdiddvitiesadd 8ouFPe 1 8PP Gha 2 a ufft 8l Parafabie ) 4=had

Gly221, wherein the root mean square deviation fromthe backbone atons of
sai d amino aci2#§.09A net 3§6hed; than 1.5 A. 43. An in-vitro method for

identifying a candi date 4nhibj . of | . l,ar I
conpri sing a binding pocqlggt oérbtt&)%)lm iSH%cée ee%tgiéﬂdgq‘t?%%a?%égééﬁggﬁf&ggﬁésl?%tofng of
(1) step (a), wherein the structure coordinates are set forth in Fig. 19.

{c) generating a three-dimensional model of the I domain of an
integrin using the structure coordinates of the amino acids obtained in step (b) with a
root mean square deviation from the backbone atoms of said amino acids of not more
than+ 1.5 A;

(d)  determining a binding site of the I domain of an Integrin from

said three-dimensional model; and

(e) performing computer fitting analysis to identify the candidate
inhibitor which interacts with said binding site.

40. The method according to claim 39, further comprising the step of:

(£ contacting the identified candidate inhibitor with I
domain of integrin to determine the ability of said potential antagonist to interact with
I domain of integrin, wherein the ability of said potential antagonist to interact with
the I domain indicates that the identified candidate is an inhibitor of the I domain.
41. The method according to claim 39, wherein the binding site of the

T domain determined in step (d) comprises the structure coordinates according to Fig.

19 of amino acid residues Aspl54, Serl156, Asnl57, Serl58, Tyrl60, Glul92,



a set of amno acid residues which are identical to | domain am no acid

resi dues Glul 92, Gn21 S, Arg219, dy22Q and Gly221 accordipg Bg Ezgﬁ
wherein the root nmean square deviation frdh?the backbone atons 0 % am no
acids is not nore than f 1.5 A, and (ii) a set of am no acid residues which
are identical to |l domain amno acid residues Aspl54, Ser156, Asnl57,

Ser 158, Tyr 16@;nZA8)¥a2? 1 GIHYAR), GlyR232A822G1GR203, THY2L BspZ§ Y A2i3261G1Ln223,

Thr 224, Asp257, Hi s261, Asn263, Arg291, and Leu294 according to Fig. 19,

wherein the roQh26%aRre29Uane [REYIRWherkin fhe 98Bt enRGEdH BAaMrOFSmAhe Sai d
amno acids is not nore than 1.5 A, conprising the steps of: (a) using the

t hree- di nensi qpal, &Er%ral af?ifaIﬁPS aﬁh?ﬁ'ﬂ%gmopé)ﬁléﬁ& 194 gdomai n to design,

sel ect or optimze emcal entities; and (b) selecting said

candi dat e i nhi bitor basg@rq% ! _d E@dq,%r% ke, u@l@reﬁ@ﬂlem(ﬁ #Lﬂ%é%;tt‘?ﬂcc

nol ecul ar conpl ex. A cell of cell Tline
accessi on numnber PTA3275) 45. A ceI | of cell |ine haAQC2 (ATCC accession

nunber PTA3274)omajrsdetprmined ingfen(d) Fomprigss Hse/swfu(we@%%%%pwmrﬁser
PTA3356) .

19 of amino acid residues Glu192, GIn218, Arg219, Gly220, and Gly221, wherein the

root mean square deviation from the backbone atoms of said amino acids is not more
than+ 1.5 A,

43. An in-vitro method for identifying a candidate inhibitor of a molecule or
molecular complex comprising a binding pocket or domain selected from the group
consisting of:

(1) a set of amino acid residues which are identical to 1 domain
amino acid residues Glul92, Gin218, Arg219, Gly220, and Gly221 according to Fig.
19, wherein the root mean square deviation from the backbone atoms of said amino
acids is not more than + 1.5 A; and

(i)  aset of amino acid residues which are identical to I domain
amino acid residues Aspl154, Ser156, Asnl57, Ser158, Tyrl60, Glu192, Gln218,
Arg219, G1y220, Gly221, Arg222, GIn223, Thr224, Asp257, His261, Asn263,
Argﬁ91, and Leu294 according to Fig. 19, wherein the root mean square deviation
from the backbone atoms of said amino acids is not more than + 1.5 A;

comprising the steps of:

(a) using the three-dimensional structure of the binding
pocket or domain to design, select or optimize a plurality of chemical entities; and
(b)  selecting said candidate inhibitor based on the

inhibitory effect on the molecule or molecular complex.
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44, A cell of cell line hAQC2 (ATCC accession number PTA3275).

45. A cell of cell line haAQC2 (ATCC accession number PTA3274).

46. A cell of cell line hsAQC2 (ATCC accession number PTA3356).



