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the invention relates to anti-1G~1 receptor

anti bodi es t haf i-pphibit Lt r f [ of the

| G--1 recept or‘&l\gnf'hgl?rﬂr]gi(ggﬂfé& éﬁwiﬁdﬁ
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[0The Thevyresehvinvaltin relateste sntitbdidsagABidsoHunsdi iflsulin-like growth
anti bodi es, humani zed and resurfaced versi ons of said

fa@Bi-1 Recth® (I@Pi‘éé?}%\%ﬁ.s Mére??ﬁ%ulafi‘@t ﬂn@?‘?&'@%ﬁon?@%{e? ¥ ati-1GE-I

derivatives, and e ‘uses sane "1 I agnos

her. ti appl i.cations e i nyentj on
SE R R R e S e MR A
thereof that are nade fromthe above-descri bed _
Parfifuiaslye e dnveation relafe oy antic kg -L srceptphantivedis thai eptegenize the effects
the invention relates to a pol ynucl eoti de encodi ng
of{E-Ta ¥ -Hloaidssruan o theggrewttsandrurded] of amdort aells wad which are
conprising the pol ynucl eoti des. BACKGROUND OF THE
substvENTly Ol di0 2T agarsstlattivity. KEhegihostion faisotrellates t6 BREMEME of said
(I1GF-1 receptor) is a transnenbrane heterotetraneric

anfib6died, Rumwiib e artBigsiir e @%b RBS bE i BintHoRNR, S desPeaia

two nmenbrane- spanning beta chains in a

ang%) 5%1 h{é 'a.ﬁlt?c}olélg nﬂsgfjat\g\ﬁlé,%ﬁﬁ N udkel %ff Fe}grlklg iﬁitc{ia%o stﬂ,] ?es%iar%ﬂiaplg therapeutic

are |1 nsu

.om h-factor-1. (1.G=-1) and insulin-like growh .

sofliigns.| T Rigatioty ity o RIES 0 AielAd Ttpdido b RS pnts thereof tha
| GF-1 receptor activates its intracellular tyrosine

argmade fomdbnahayerdsseiber ﬁ@flbwm;ﬁmwhﬁrtwra@g dn appthehaspect, the

_ receptor and substrate phosphorylation. The |G--I
inyeagepraited o dnnimustpotide encodnmthe antibedies o fraginawis tigereof, and to
hi gh sequence simlarity of 84%in the beta chain
vettprsasimpeisingtlspolgmaidotidenid a | ow sequence simlarity
of 48%in the al pha *G00002*

BACKGROUND OF THE INVENTION

[02]  Insulin-like growth factor-1 receptor (IGF-I receptor) is a transmembrane
heterotetrameric protein, which has two extracellular alpha chains and two membrane-
spanning beta chains in a disulfide-linked f~o—a~B configuration. The binding of the
ligands, which are insulin-like growth-factor-I (IGF-I) and insulin-like growth factor-Il (IGF-
II), by the extracellular domain of IGF-I receptor activates its intracellular tyrosine kinase
domain resulting in autophosphorylation of the receptor and substrate phosphorylation. The
IGF-I receptor is homologous to insulin receptor, having a high sequence similarity of 84% in

the beta chain tyrosine kinase domain and a low sequence similarity of 48% in the alpha

A

*G00002*
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chain extracel lular cysteine rich domain (Urich, A
et al., 1986, EMBO, 5, 2503-2512; Fujita- Yamaguchi,
Y. et al., 1986, J. Biol. Chem, 261, 16727-16731,
LeRoith, D. et al., 1995, Endocrine Reviews, 16,
143-163). The IGF-1 receptor and its ligands (IG--1
and |1 G- 11) play inportant roles in numerous
physi ol ogi cal pr ocesses i ncl udi ng grow h and

chyfg pafreishBHE cysieinr mgh damsiny/Gge legg <t ahet Q6o FMER), 5, 2503-2512; Fujita-
cellular proliferation and cell differentiation in

Y aaehgluel, Y( eteiRoil 986, JDOBjol 2004, BidA672 hob T8y LeRdith, D. et al., 1995,
1287-1288; LeRoith, D., 1997, New Engl and J. Ved.

Erid36rincRAi6A0) 6, 14331 63) GFnk 1@RY rb&@ptdrlantl WGzt (BGE
endocri ne hornones |3Ir>1 thle bl ogd@wl’l]:?e th{gy ar(zG haﬁéIGF]I)play

imP6 AR Fb 18R ﬂ%néf‘&‘?ss 161&%95? g?éf%ésgg tlﬂg(lzlécﬁné gf)v&ewﬂa A& elopment

protelns as paracri

duxj@%%r%géb l?ctjlsa Eﬁ?’ﬁﬁd HO& gagc al iféra&é'% gl?%&ﬂ gﬁfem%nagon In adults
B ST g er e, 1500 T RS i ptond

in pronpting growh, transformation and survival of
Mad,y 736, 633- 6%0%( Baserga, R et al., 1997, Biochern.
Bi ophys. Acta, 1332, F105-F126; Bl akesley, V. A et
[03] . JGFI%Ad IGH falctioh beidaahdoaiRtormbhds u13l§3€9b136& Where they are
Kal eko, M, Rutter, W J., and Mller, A D

prdfeinindalyl presBhCin- con&)@axeél%h‘k@)-bma_ﬁ?%r% i\ ezfnﬁlas ﬁeve?gnd

tunors "are known to express highe an nornma

aut%f:nfle%‘okvﬂg BOERL Blay allerb%cﬂgle@ gocgﬁg ?%}lm§§lp goh,’a lg%@ bour J. Biochem.,

, ovarlan carcrnonmge, Syno

SBRSERP AN, PSR gl 3950t 55, .15,

LeRojth , 1996, Adv. Cancer Res., 68, 183-223;

[04]n p e #Ggrldecqptord}as beengimplicated fn prpmating|gspwih, trgasformation and
412-417; Frier, S. et al., 1999, Gut, 44, 704-708;

suryimal %tmnop_cells_ (Beltsergh,.R. et 8041997, BiBIchmu. B-‘tqpk}@.l Actadl332, F105-F126;
914-919; Xie, Y. et al., 1999, Cancer Res., 59,

Bl3&88y,3B94.. et BEJ 9BINJour hkzl En@zbermélza 45@6\3‘3{9@44%1@1\05151 Rutter,
2007- 2011). In vitro, and I'GE-R have been shown

W. tJO B8 MODEE A, 15“ 1990EN8!. fCQYl Ez%y ef @lachurai Tﬁ&ég%rvei:a? lpes of tumors

|nes SUCh as ung cancer, breast cancer

< S A0 AL R0 80
1990 Canlc Res.,. 50, 48-53
°°IPBF%?HY S %ﬂmaf*ma /B0 LRGP et caticer (Khandwala, H. M.

Differentiation,
et al., 2000, Endocrine Revzews, 21, 215-244; Werner, H. and LeRoith, D., 1996, Adv.

Cancer Res., 68,183-223; Happerfield, L. C. et al., 1997, J. Pathol., 183, 412-417; Frier, S. et
al., 1999, Gut, 44, 704-708; van Dam, P. A. et al., 1994, J. Clin. Pathol., 47, 914-919; Xie, Y.
et al., 1999, Cancer Res., 59, 3588-3591; Bergmann, U. et al., 1995, Cancer Res., 55, 2007-
2011). In vitro, IGF-I and IGF-II have been shown to be potent mitogens .for several human
tumor cell lines such as lung cancer, breast cancer, colon cancer, osteosarcoma and cervical

cancer (Ankrapp, D. P. and Bevan, D. R, 1993, Cancer Res., 53, 3399-3404; Cullen, K. J.,
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655-664; Guo, Y. S. et al., 1995, J. Ain. ColL Surg-,
181, 145-154; Kappel, C. C et al., 1994, Cancer
Res., 54, 2803-2807; Steller, M A et al., 1996,
Cancer Res., 56, 1761-1765). Several of these tuinors
and twnor cell lines also express high |evels of |G|
or 1G--H,  which may stimulate their growth in an

1990t CGhédM RO, 5D 4RET; HEmERBNEN e SDUDOOD d’é{/ Gronflt &ifferentiation, 11,
1996, J Biol. Chem’, 271, 11477-11483). [O05]

6%966’:?{@61%' Qgicaf aﬂ% 934796‘{3&_113 YNy @ GQEI8h. %&%Pg»{él, g; C. etal, 1994,

eva pl asma f evel “Tand’l'ower 1€

CH AT LRI e L S IR Gl v

cancer, (Chan, J. 1998, Science, 279
Seysml eé@wsvwars and tugior 7l lingoagp expresayishdayrieet IGHsE or IGF-IL,
90, 911-915; Ma, J. et al., 1999, J NatL Cancer Inst.
whith mate‘fhﬁir gowelt ingin autd@iae or parabiamd marGan (Quinn, K. A et al.,
1713t., 91, 151-156; Hank-inson, S. E et al. 1998,
19%n.¢eBzoz k. 131 1U39G)1488L r at egies to | ower the | G-I
l'evel in plasma or to inhibit the function of |G|

[O‘SS\ZG 1‘8,Emnﬁ¥$1c£l%gig%)e§ qﬁg%%ﬁ@1 {x? ggrréié’tftgxeéflegdgg gﬁ‘:? %%dgﬂﬂ level of IGF-I

(a% é&p%rlgwsel ot ?@g-f%ﬁh%nqrggq—gfggh &cs;assé l{}flég ? ﬁrsqis%xh%?anccr, colon

cel |  rom apop{osi s cau owt h _factor

Caa‘éﬁ‘iof PR aHﬁ&?FF&F%@%WZ&E%ﬁo&Z@e%|19§f§rt9€f€’é% &741°4g-566; Wolk,
treatnent (Navarro, and Baser 0 04D R, 2001,

Apptcde 199V oyl dazer &1@0@01681 $15; %dge}- gtal., 9%, Hutl. Cancer Inst.,
1997, Biochem Biophys. Acta, 1332, F105-F126). The

Sderaiads; vh, HG-dl., t WSeitNusl. tCQradceraligr. 11 1516 836; Hankinkén, S. E. et al.,
mtogenic, transform ng and anti-apoptotic activities

1998y oh@e s si desgil fioay @E{atgyéﬁid 1eRa# the 'I@FM%V%I in Sldshd & to inhibit the
exaan e, the tyrosine 1251 residue of I1G=1 receptor

ﬁlzmp@feﬂﬁ%f’ PRREHE B Been Gldobite %‘for c%ce??fe'verlﬁ'{ag‘(w, WE et al, 2002,

transformation act|V|t| es
m t ogeni 1 VDI ..
CBIT Y & 1050038 o ke et 3000, o) A 165,19
22639- 226 The tracel Iyl ar sjgnali
wﬁiﬁt %@@&0 I r?cgampr&&cwﬁfn@a CHISHIGm apeRtet e leowal factor
phosphoryl ati on of tyrosine residues of insulin
depsiyeiens ran@hmgserlad@gn{ nRSo1 cEoRt drrsiregtmeni{Neman e dYludnd Baserga,
phosphati dyl i nositol -3-kinase (Pl-3-k-inase) to the
Rpeaor, dmdociTingogy, 142, 1073-1081; Baserga, R. et al., 1997, Biochem. Biophys. Acta,
1332, F105-F126). The domains of IGF-I receptor that are critical for its mitogenic,
transforming and anti-apoptotic activities have been identified by mutational analysis.
[07]  For example, the tyrosine 1251 residue of IGF-I receptor has been identified as
critical for anti-apoptotic and transformation activities but not for its mitogenic activity
(O'Connor, R. et al., 1997, Mol. Cell. Biol., 17, 427-435; Miura, M. et al., 1995, J. Biol. °
Chem., 270, 22639-22644). The intracellular signaling pathway of ligand-activated IGF-I

receptor involves phosphorylation of tyrosine residues of insulin receptor substrates (IRS-1
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nmei nbr ane- bound phosphol i pid products of PI-3-1dnase
activate a serine/threoni ne ki nase Akt, whose
substrates include the pro-apoptotic protein BAD which
i s phosphorylated to an inactive state (Datta, S. R
Brunet, A and Geenberg, M E., 1999, Genes &
Devel Op7nent, 13, 2905-2927; Kulik, G, Klippel, A
an@IKB W? Retfich Merudt pho%ﬂ?aﬁdyﬁ@dsﬂo@hénas%[_}qlé “kihhse) Jeé%fé membrane. The

The mtogenic signaling of receptor in

éaJ lp#ﬂigg)h%%%%ﬁ%ld d:ﬁg&‘uec s octeIlII3s1 nage tl&gt% D&

ogen- AEFEA elélp?{hqreomne kinase

ot
mhere survi val na
Al%r.‘?l?OéP SRS AT T BOCAROBIRSC PR B igh fiphosphorylated to an
requi res_both PI-3- kinase and mtogen-activated
ingstive gpts (RiafiaSe RoBuely 4. emuEraenbsre, M. Eetl 999, Genpg @7.Degelopment,
Biol. Chenz., 272, 31163-31171; Parr i zas, . M,
13 S2005:292.7; KulﬂR.G.aKﬁpp:ﬁH&i dril, Wieber, 097 ,1997,&4@11 CelZ:h&bh.lﬂ, 1595-
272, 154-161). 1081 Down-regul ation of 1G-1 receptor
160&)Y Hfhehﬁlt@g&hivsﬁﬁlﬁﬁﬁg 61 IGH-BgHceStoPASMOFEN LSRN Brea&t cancer cells

reduce the tunorigenicity of several tumor cell |ines

1edé1'ﬂe¥ P¥.9180e bil ¥iihdPendiieBe 1%{1:1' g%i— ?’gréﬁ gr&tgfﬁqgnase, whereas the

arC|nona ovaril an cancer,

neur obl ta an ab osar cona icaoff, M et

suivel S gt Ao e Rk R R g Mg C et el Both PL-3-
al ., 1996 Cancer Res. 56, 3038-3041; Miller, et

kingse andmyyggenraetivatgd praiein Kinasqpathwgys @pfourny.dp o5 al.4 1%7 J. Biol.
al ., 1993, Science, 259, 94-97; Liu, X et al., 1998,

Chenin 33z, %3-,315%1,; P@m&ﬂﬁ:ﬂ %ﬁiGSh"apR.rand IeRoith, Bt, 1997, J. Biol. Chem.,
1994, J din. Invest., 94, 123 5-1242). Likew se, a

272ldrf4AiaG1Y), negative nutant of 1G--1  receptor has been
reported to reduce the turnorigenicity in vivo and

[og" O‘Md%/ﬂ-fbgﬂl'ahéxpoplfGF-i fe%@ﬁtﬁpfe'ifﬁq) i s’en%ﬂa@emes has been shown to
overexpressing | G--1 receptor (Prager, D.

red%:gg fhee tglgul%ﬁgel éJrOf see&glqu.r%%i' Cef-llHéS_’t‘géﬁ Szrz %itvo %ﬂiﬁ }n éQS%uch[ 9 nielanoma,

essi ng an an

cept or nRNA under g ive tosi s nj ect ed
lqur&aay%wwgnwam%@f@%s?%a BB om ﬁlﬁﬁ@ﬁ%cfonlyosmoma
observation makes the |G| receptor an_ attractive
(ResmisobipMitet 8l =t1§?‘beqa’wﬁfa§@d Nptbte-HeOn i patthelict 2k .HRP6, Cancer Res.,
tunor cells are 4 nore susceptible than normal cells
561 W38 pMuBernL. iehli,dioP8,.dnt. If Cangrer,| 77; 862H7 birTrojan, J. et al., 1993,
(Resnicoff, M et al., 1995, Cancer Res., 55,
Scz%ﬂ?%é%)@%@ﬁ&ﬁﬁb{gat alR 1998, WbrceREKC,ES, FUIR-54389 Shapiro, D. N. et al,,

1994, J. Clin. Invest., 94, 1235-1242). Likewise, a dominant negative mutant of IGF-I
receptor has been reported to reduce the tumorigenicity in vivo and growth in vitro of
transformed Rat-1 cells overexpressing IGF-I receptor (Prager, D. et al., 1994, Proc. Nail.
Acad. Sci. US4, 91, 2181-2185).

[09] Tumor cells expressing an antisense to the IGF-I receptor mRNA undergo massive

apoptosis when injected into animals in biodiffusion chambers. This observation makes the

IGF-I receptor an attractive therapeutic target, based upon the hypothesis that tumor cells are
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1101 Another strategy to inhibit the finction of |GF-I
receptor in tunor cells has been to wuse anti-IGF-1
receptor antibodi es which bind to the extracellul ar
domai ns of 1G~1 receptor and inhibit its activation.
Several attenpts have been reported to devel op nouse
nnnoclonal anti bodi es against | G~1 receptor, of
hi bito nti bodi es, -

ket Ble i Rerbial S Ba0 RS BSE Y IniooR 8t IGF 6 spepiar (Resnicoft, M.
| GF- | receptor st udi es. 211[ 11}3 The I R') anti body was

ety E9Op baneasifing. 45 P68 260y Bprerga Rad 986 aComeaRes., 55, 249-252).
preparation of insulin receptor to inmmunize mce,

[18hi cAnythed dhentgyrio dnttibib thayfimdtidn, o/ IQALI reesptsreh aehdr @11k ‘Bﬁs been to
bi nding insulin réceptor, and two anti bodies, |IR2-and

udeRati- TGl resdvehtiBb8kS AN tihd td tﬁgﬁi‘t?ﬂ!eﬁ l'aPHcSrﬁﬁlhe.o Bf REF -Ireceptor

| GF-1 receptor (somatonedi n-C receptor)

aﬂ&[ﬂ%‘%ﬁf}?‘i“%&"?‘ Sl AR AR P Bt O uée["i’é’_f sigfige monoclonal
e PR O iy G i i AR iapp g and L7 - ar

whi ch yielded the inhibitory antibody | H7 in addition
avagablg @é@thegthﬁb%bwyemﬁqdb@ a¢vezal (GE-1 receptor sprdies) .
19933, Biocheyn. Biophys. Res. COMwun., 196, 92- 98
[1x on"@he IR3 mtibady wag ﬁ%lop%dmsmgl‘dmrtlaﬂgmimﬁ& iplackiB&L pr@Paration of
5356-5360). [131 In another report, a panel of nobuse

insElirObEpIR to Mnbiunosi ieise SwiEieh iicldeQh AAHBEY, B that was selective for
receptor were obtai ned by i rmuni zation of m'ce W th

bihARBH @G ?&eﬁf&g 4t ANPEHESS Iart B3, tﬂa‘?l(}%vi?‘ed?rei‘e%ﬁilal

receptor, which were cat Sgorl zed 1 nto’seven
o TR ATRER Al B B

.cells (Sa Al 199-2, J Bio
inyeoprerR P O?A 19y lwmgptoaﬂﬁtﬂbﬁgﬁ b IS Eo@yl Gleringss, 6561-

nost conmonly used inhibitory antibody for |G|
6566beptor studies in vitro, it suffers fromthe
drawback that it exhibits agonistic activity in 5
[12} ariBieeld{ 2aht®p8y arad deréIbmeel Hysinexpiag hiige Wi piirifiédplhcental
receptor (Kato, H et al., 1993, J. BioL dlein.

preéfedaticaBII6G0-16€dsptdy, @blch-yRaakd e inibitdRdntt lIrﬁ 1nAadd1t10n to three
1990, Biochein. Biophys. Res. Conunun., 17 -125
st%r%/ulat%nkx%&ﬁs 1ameng & Be, @@,ebzogﬁen?'ﬁzbm.' }?e?s. g"gl\/zgm?z.’? %96, 92-98;
Xiong, L. et al., 1992, Proc. Natl. Acad. Sci. USA, 89, 5356-5360).
[13]  In another report, a panel of mouse monoclonal antibodies specific for human IGF-I
receptor were obtained by immunization of mice with transfected 3T3 cells expressing high
levels of IGF-1 receptor, which were categorized into seven groups by binding competition
studies and by their inhibition or stimulation of IGF-I binding to transfected 3T3 cells (Soos,
M. A. et al, 1992, J. Biol. Chem., 267, 12955712963).

[14]  Thus, although IR3 antibody is the most commonly used inhibitory antibody for IGF-I

receptor studies in vitro, it suffers from the drawback that it exhibits agonistic activity in
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Soos et al., the nost inhibitory antibodies 24-57 and

24-60 al so showed agonistic activities in the

transfected 3T3 cells (Soos, M A et al., 1992, J.

Biol. Chein., 267, 12955-12963). Although, IR3

antibody is reported to inhibit the binding of I|GF-I

I - t { ' i

St et AT O S SR SRt R IBR el (UTE ot gl 1995,

the ability th 1G=1. and 1G] 1. t ti f.e DNAB
Big{; rG’lﬁ@sﬂégsi ?ﬁogééﬁﬁg ETGPI.G'RRIH% -ﬁléé%oéh:ﬁgr&r :@H Eiodlgy. Biophys.

Roth, R A., 1990, Biochein. Biophys. Res. Connnun,,
Ras7 Comman417b51240-125he Sirtbarligareena p @anedof prizbaglias deyelgped by

has been inferred fromchinmeric insulin-1G-1 receptor
Semrstl, kd mobiinhiditbheantiPadie® 24-57 egd 34-66faldo@hoived egepstoractivities in

(Gustafson, T. A and Rutter, W J., 1990, J Biol.
thEH@Rdfeoted ?ﬁ?celisg(gﬁ&, AB6K 76t aB0DB®2, MBibY. Colemd|267, 12333,12963).

. BioL Chein., 267, 12955-1296' [15] The MCF-7

J -1206° 1))
ARUIRR, B RtholQRAEboRE o LhiDR i ETIOE BB IORT) ©
expresgdecenigpan intacs s st SR, R S oy gl fr ity of
the 1 R3 antibody inconpletely blocks the stinulat 0{031/1
bethGF1] apd IGR g engsimylgte IIA Sypibesis ingelis frepitnp| (Stegle-Perkins, G. and
serumfree conditions by approximtely 80% Also, the '
RbfR3RaAt,i1880yBiddlem. Boaphys.gtdst Commt.y 17 hH2A#126 1 )e shethinging epitope
25% the growh of MCF-7 cells in 10% serum (Cul | en,

ofIR3JantiBbdyethas, bekf ¥Ferrépficer chRasric inhiflin-HBF-5 Bdceptod borsstructs to be the
weak inhibition of serumstinulated gromth of MCF-7

25@—&47151{ nl JEIGROL Iiepéb%f (Gu'sta‘féoh,r P. ATERM FaRtet elval etodoo st Bel. Chem.,

resu of an in vivo study in which | R3 anti body
. d_no g0 fidednt Iy 4 phLhi & ok ¢ of

263 TRBEE e, Sp B o 4 ALk S BTl 267, 205 18065

al ., 198 din. Invest., 84, . 61418-1423).. [16 .
lléécaag%w%-{fﬂp@nmgﬁeaafgf&ﬂpgrﬁeﬁnsﬁw ¢ G5aspBbgaigell line o
and other reported antibodi es, and their_inability to
dememstraieche groyth nesppnse of AeFdraaddGFdt in vire(Dufaumy, & ehal, 1997, J.
as MCF-7 cells in the 6 nore physiol ogical condition
Bofl. G272 Bild2as1151). (IneiCFatcals, the I3 katibasty ibgompletely blocks the

exogenously C~ added G~ or 1G-H in serumfree
s dicky effdct of Bes@nbsladirddGFdrand ¢GFaD i sen@h-fiee conditions by

receptor antibodies wh&h significantly inhibit the
apStb¥iaBdly B2t Ao, SAOMENarftbolly BB e hilgfi fiethhtly¥hh it (less than 25%) the
growth of MCF-7 cells in 10% serum (Cullen, K. I. et al., 1990, Cancer Res., 50, 48-53).
This weak inhibition of serum-stimulated growth of MCF-7 cells by IR3 antibody in vitro
may be related to the results of an in vivo study in which IR3 antibody treatment did not
significantly inhibit the growth of a MCF-7 xenograft in nude mice (Arteaga, C. L. et al,
1989, J. Clin. Invest., 84, 1418-1423).
[16] Because of the weak agonistic activities of the IR3 and other reported antibodies, and
their inability to significantly inhibit the growth of tumor cells such as MCF-7 cells in the
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do not show significant agonistic activity by

t hensel ves. SUMVARY OF THE | NVENTION [ 17] Accordingly,

it is an object of the invention to provide

anti bodi es, antibody fragnents and anti body

derivatives that specifically bind to insulin-Ilike

gr owm h, fact?r-l_nece tor and _inphibit the cellul ar
magenhypiolpgagal cprdifienr ahsesrminuationdHistsad o f shaulagien by grogenously

and are also ,onist activity towards the receptor.
adsliet GBI tor AGFYII atesayim-ode qgldﬁiib&}, tiérass a heedafof inestanti-IGF-I receptor

enbodi nent, there is provided nurine anti body EM 164,
antibo&iBs whidhlti gl ficahBriakibérthe sshihetieiulated Efowtk 9Pachort ills but which

the am no acid sequences of both its |ight and heavy

[ j I; : ences of the

dﬁ@%§g°¥§§#?ﬁ%§??%%?Q§ﬁ§“ﬁ§g3 Iagﬁgigﬁ%{variable regi ons,

the identification of its CDRs

(compl enentarity-determning regions), the

' t, L f<, i i face am no aci ds, and neans
Sp&ﬁqﬁt‘é‘ %#&@%W@gon‘oi nant form [19] In a

second enbodi ment, there are provided resurfaced or
[IMYMBALZREingBY, $1i9 88 obfect dthé RN dEMo Hedvivb afittiodies, antibody fragments

surface-exposed residues of the antibody or its

a1icf ﬁﬁ%@@ g?rgséae ved Rl %%Eﬁechg}ﬁ gﬁ&l}]ﬁ% ids@fh-128¢ t%gtg}\{tﬂctﬁﬁﬂe'aéptor and

0 nor y res uman anti

. suyr.face Such hu i zed anti bodi es. may, have | ncrease
iy 3 1ot A Al OF B o ebipe it BBl ol 3o
di agnostic agents. Humani zed versi ons of anti body
s@mmalaﬂr@vomg Qlpgonist getvitytawads thedgcamiotei n wi t h
respect to their respective am no acid sequences of
[18bt hThs, iyha fizgt @mibedinyent,Hhérn is/providbd ewurigiantisodyt Bl 1 BAvhich is fully
sequences of the genes for the Iight and heavy chain
cvadddtdzeé heregh oith redpbet tb diedmihb aaidi sequariced bftboTDRS lightwad heavy
identification of their surface am no acids, and

KB GARBIY Reldns AhTBBRGA &gﬁmﬁaa@ bf theeRh&SHE & 1ight and heavy chain
reconbinant form t 7 [20] In a third enbodinent,

v%rlr;bﬁlfegrie%lﬁﬁﬁg rt?% g&éﬁgﬁ@rﬂ'oﬂ%g?@ PR eﬁipie?rﬁ%?agﬁp-ldgteﬁ%inmg regions), the

gro a cancer- ce y~ greater
SR TR S MO TR -
[1f9z]let ch)lra; slecglrrllcgI eringgclljilliegi-:, ltﬁeiég ar%rp?migcc{ raclacszttlr%atc;eli Io'r humanized versions of
antibody EM 164 wherein surface-exposed residues of the antibody or its fragments are
replaced in both light and heavy chains to more closely resemble known human antibody
surfaces. Such humanized antibodies may have increased utility, compared to murine
EM164, as therapeutic or diagnostic agents. Humanized versions of antibody EM164 are
also fully characterized herein with respect to their respective amino acid sequences of both
light and heavy chain variable regions, the DNA sequences of the genes for the light and

heavy chain variable regions, the identification of the CDRs, the identification of their

surface amino acids, and disclosure of 2 meaps for their expression in recombinant form.
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[21] In a fourth enbodi nent, there is provided an

anti body or anti body fragnent having a heavy chain

i ncl udi ng CDRs havi ng ami no aci d sequences represented
by SEQ ID NOS: 1-3, respectively: SYWN (SEQ I D NG

1), EI NPSNGRTNYNEKFKR (SEQ I D NG 2), GRPDYYGSSKWYFDV
(SEQ ID NO 3); and having a |light chain that conprises

e e Rt S T R I
bR Do ST ARl ShinhE b gt s

a_heavy chain that _has an am no_acid sequence that

ass fpR cEample, Fuy l@ebe-é@a gomdie factoed ane yosiiniks gremhrfactor-I1
acid sequence represented by SEQ ID NO 7:

[20l/QUnestREh erPeABLEIL STRA SO TS vk gRP SR daW feEiment having a
NPSNGRTNYNEKFKRKATLTVDKS S STAYMQLS S

hdaVHERGAVNCYIARSRPIRG haVGEHMNE EMYEAGETSE YT (R JyIBEQ ID NOS:1-3,
NO§7). 8 [23] Simlarly, there are provfaggd ant i}go;)d(izes '

re§R¢tigya |ight chain that has an amno acid sequence
t'hat s%ares at | east 90% sequence identity with an

am i sequence repr ) SEQ I D NC 8:
DVLNTAIBIE pvalcponsi o Gra o B

CRSSQSI VHSNVNTYLEWYLQKPGQSPKLLI'Y  KVSNRFS GVPDRFSGS GS

GT DFEING SIRVRARNEEKFRRQCIBPRI NG[K  LEI KR (SEQ I D
NO 8). [24] In a sixth enbodi nent, antibodies are
provi ded _havin umani zed or _resurfaced [|ight chain

h
vari @BPPYF%@SS%V%WDP@ afP B OQi3):d sequence

corresponding to one of SEQ ID

and having a light chain that comprises CDRs having amino acid sequences represented by

SEQ ID NOS:4-6:
RSSQSIVHSNVNTYLE  (SEQ ID NO:4);
KVSNRFS (SEQ ID NO:5);
FQGSHVPPT (SEQ ID NO:6).

[22] In a fifth embodiment, there are provided antibodies having a heavy chain that has an

amino acid sequence that shares at least 90% sequence identity with an amino acid sequence

represented by SEQ ID NO:7:
QVQLQQSGAELVKPGASVKLSCKASGYTFTSYWMHWVKQRPGQGLEWIGEI
NPSNGRTNYNEKFKRKATLTVDKSSSTAYMQLSSLTSEDSAVYYFARGRPDY

YGSSKWYFDVWGAGTTVTVSS (SEQ ID NO:7).



NOS: - 9-12: DV
VRTTQTPLSLPVSLGDPASI SCRSSQSNHSNVNTYLEWLQ ~PGQSPRLLI Y
KV SNRFSGVPDRFSGSGAGTDFTLRI SRVEAEDLG YYCFQGSHVPPTFGGGT
KLEI KR (SEQ I D NO 9);

DVLMIQTPL SLPVSLGDPASI SCRSSQSTVHSNVNTYL EWYL QKPGQSPKLLI Y
KV SNRFS GVPDRFS GS GAGTDFTLRI SRVEAEDLG YYCFQ

23PSHYRRITERGRER O 1 oy
RS o G OB VKERVNT Y B CKp R s amino cid

o T 13 SR AR /A ARG ™ RS R pegugpfeepresented
b m DVLMITQTPLSLPVSLGDPASI S CRSS S
Y WYL QKPGQSPKLLI Y

KVSNRESGVPDREFSGSGAGTDFTLRI SRVEAEDLG YYCFQGSHVPPTFGGGT
KL EPRRNERARLS Ly SLEDQASE CRE SRS IV H SN VAt VTSV QP @QSPKLLIY
provi ded having a hunmani zed or resurfaced heavy chain
var KaNRFSGVEPRENG SRS GFDENL RIS RACE AEDE GRTVEFQGSHVPPTFGGGTK
corresponding to SEQ ID NGO 13: 9
QVQALEESRAENPONBVE)<: LSCl CASGYTFTSI - WWHWKORPGQGLEW GE
I

PS ; T - Y
o LS SR A e R Pt S AR S ey e
‘ [ . i bodi es or.antipody fragnments . of the
liglR AR IRt 1 BAbLRELE S Shisd el ericb RO EHoRURE (4. 45 of SEQTD
NC&(O ﬁé;ies. For exanpl e, antibodies or anti body

ré% nts having inproved affinity for |G- 1-receptor

are _prepared by affinity maturation of an anti body or

fr a@R‘éﬂﬂT&Tﬂ B SHSEM A ISCRRSQITVHSNVNTHE BV ¥R PGQSPRLLIY
i nvention further provides conjugates of said

ant KVGINRESGWRBRESGSEA GPDBTDRISR VBABD LG YYOR) @SHVPPTFGGGT
attached, directly or via a cleavable or non-cl eavabl e

| i NKEEITKRASEYIRNO:§ody or epitope-binding fragnent of

an anti body of the present invention. In preferred

DVLMTQTPLSLPVSLGDPASISCRSSQSIVHSNVNTYLEWYLQKPGQSPKLLIY

KVSNRFSGVPDRFSGSGAGTDFTLRISRVEAEDLGIYYCFQGSHVPPTFGGGT
KLEIKR (SEQ ID NO:10);
DVLMTQTPLSLPVSLGDPASIS CRSSQSIVHSNVNTY'LEWYLQKPGQSPRLLIY
KVSNRFSGVPDRFSGSGAGTDFTLRISRVEAEDLGIYYCFQGSHVPPTFGGGT
KLEIKR (SEQ ID NO:11); or
DVVMTQTPLSLPVSLGDPASISCRSSQSIVHSNVNTYLEWYLQKPGQSPKLLIY
KVSNRFSGVPDRFSGSGAGTDFTLRISRVEAEDLGIYYCFQGSHVPPTFGGGT
KLEIKR (SEQ ID NO:12).

[25]  Similarly, antibodies are provided having a humanized or resurfaced heavy chain

variable region having an amino acid sequence corresponding to SEQ ID NO:13:



enbodi nents, the cytotoxic agent is a taxol, a

mayt ansi noi d, CC-1065 or a CC- 1065 anal og. [281 The
present invention further provides for antibodies or
fragments thereof that are ftirther |abeled for use
in research or diagnostic applications. In preferred
enbodi nents, the I|abel is a radiol abel, a

fl uQ’\OQDVQSGJ&EVWH@G}W(DKESCE@&SﬁGYQ‘GiI‘BUWBE‘IWWIQRPGQGLEWIGEI

metal ion. [291 A nethod for diagnosis is also

pr oy R@Mgﬁ@z@&Tﬁ?ﬁtﬂé%A@ﬁ%L Sﬁﬁ@&VﬁWARGRPDY

are adm ni stered to a subject suspecte avi ng

ac 14gﬁ§b [ } ' ahRel within the
bodéﬂ%§§$'e sug?@gﬁbﬁgRQ§§§%R§§Egipﬁ€% ored. [30] In
a eighth enbodjnent, the invention provides nethods _
[26lor Ig pscysnih emapdiment, gntdpdies o anhbeAyHipeniTeidhe present invention
adm ni stering an antibody, antibody fragment or
aregovided yhat baye igeiirevadfpropestiesy ries ensmpley antibodies oeantivendy fragments
al one or in conbination wth other cytotoxic or
hatihg haprwed affagsnfos IGF-TecpRn sy prépdicd By aff hit)mamfatof bl an
for exanple, breast cancer, colon cancer, ovarian-

anfPRAY JF MRS b LA Pr&OBavenBby] Cal cancer, prostate
cancer, lung cancer, synovial carcinoma, pancreatic

SR oy SR P R SETAAGH Sl o

DESCRI PTI ON OF, THE FI S [311 FlI GURE 1 shows i

cy PIios O ROV A5 Bt L6t i 8 %@x@y OLRA-glepyably linker, to
the specific binding of purified EM64 antibody to

an galihodyprepeRpr-bing agm@agowz@t@pdy@&thppm@@tmlmntm In preferred
human insulin receptor. [321 FIGURE 2 shows a bi ndi ng

enfbbdinadnts theceytotexicagertiea taxnl iangayednsiddid, €4C-40635 ot CL 1065 analog.
bi otinyl ated human I G~ 1 receptor. [331 FIGURE 3 shows

[28]he Tihe i d¥eh iBRer@fontivehdd ipReliiags fof alibdticd i abedehtSthdredfQhat are
human breast |IM cancer MCF-7 cells by EML 64

furB 1AM fof ﬁéd infrbdehiRE of‘dﬁgﬁé{ﬁictag?liééﬁ%h?i %nicg?ﬁeﬁfed embodiments, the

1'G--1-stinmulated aut ophosphorylation o

label is a radiolabel, a fluorophore, a chromophore, an imaging agent or a metal ion.

[29] A method for diagnosis is also provided in which said labeled antibodies or fragments
are administered to a subject suspected of having a cancer, and the distribution of the label
within the body of the subject is measured or monitored.

[30] In aeighth embodiment, the invention provides methods for the treatment of a subject
having a cancer by administering an antibody, antibody fragment or antibody conjugate of the
present invention, either alone or in combination with other cytotoxic or therapeutic agents.
The cancer can be one or more of, for example, breast cancer, colon cancer, ovarian
carcinoma, osteosarcoma, cervical cancer, prostate cancer, lung cancer, synovial carcinoma,
pancreatic cancer, or other cancer yet to be determined in which IGF-I receptor levels are

elevated.
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receptor in MCF-7 cells by EM 164 anti body. [ 35]

FIGURE 5 shows the inhibition of IG~1-stinulated | RS

| -phosphorylation in MCF-7 cells by EM 164 anti body.

[361 FIGURE 6 shows the inhibition of IGF1-stinulated

signal transduction in Sa0s-2 cells by EMI 164

anti body. [37] FIGURE 7 shows the effect of EML64
BRIEFDEY CRIPTIONJOPVIHE RIGHRES val of MCF-7 cells

under different growth conditions, as assessed by MIT

assay. [381 FIGURE 8 shows the effect of EM 164 ,
Hit i BHaYREN shawsfluprrspenss aclvaied qed soginaBACS) apdysis of the specific
the presence of various serum concentrations. [39]
biadGE P e fiet &M 1 ¢hmtibody toi dello nvertxpr&sing-huarad Y1251F IGF-1 receptor or
serumstinmul ated grom h and survival of NCI-H83 8

he@hh $nshiin EMepted. ant i body. [401 FI GURE 10 shows the

effect of treatment with EML64 anti body, taxol, or a

R Pl AP oo BRI BB o Bt Body to
FL. ' Q jtion between the binding of
b*’%ﬁﬁﬁ%@%’ﬁ%éﬁﬁp&%dy (v.1.0) and nurine EML64

ant i .142] FIGURE 12 sh t he cDNA (SEQ | D_NO 49)

[3d %ﬁg 3 wé&aaﬁ@a%or{@%b@dlmfémtma%atw@ﬁ-l fphiguman breast
chain | eader and variable region of the nurine

caneer M7 |cellebe ivbi64 aptibadyody EM  64. The arrow mar ks

the start of framework 1. The 3 CDR seguences

[3]coFIGTRE 4 shdedtht inhitdtiomoiGH-Retinulbted Jaufobbddpborkdation of IGF-I
shows the cDNA (SEQ I DNO 51) and am no aci d sequences

rdcefdr kiPM Y07 23)1s B EM164 Bespdychai n | eader and vari abl e

region for the mirine anti-I1G--1 receptor antibody

[%EG F1GTRG: SERAM ﬂ@frﬁb&%&?%ﬁ i -f-stﬂ:Bulfa{eﬁ%@Qré(hojs%}_xcﬁPi}g]ﬁn in MCF-7

sequences —accor dl bat are un eriine :
Cé&%ff@éésﬁgggg%% thlt : gggyand heavy chai n CDR am no
[36]. FIGURE 6 shows the inhibition of IGF-I-stimulated signal transduction in SaOS-2
cells by EM164 antibody.
[37] FIGURE 7 shows the effect of EM164 antibody on the growth and survival of MCF-7
cells under different growth conditions, as assessed by MTT assay.
[38] FIGURE 8 shows the effect of EM164 antibody on the growth and survival of MCF-7
cells in the presence of various serum concentrations.
[39] FIGURE 9 shows the inhibition of IGF-I- and serum-stimulated growth and survival
of NCI-H838 cells by EM164 antibody.
[40] FIGURE 10 shows the effect of treatment with EM164 antibody, taxol, or a
combination of EM 164 antibody and taxol, on the growth of a Calu-6 lung cancer xenograft

in mice.
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EML64 as determ ned from Chot hia canonical class
definitions. AbM nodeling software definitions for

t he heavy chain CDRs are al so shown. Light Chain: CDR1l
is SEQIDNO4, CDR2 is SEQID NO5, and CDR3 is SEQ
ID NO 6. Heavy Chain: CDR1 is SEQIDNO |, CDR2 is
SEQID NG 2, and CDR3 is SEQ I D NO 3. AbM Heavy Chai n:

[41$DRFIGEREEQ tHIwsNOpatiti6DbRtwiesn eQindhdNeT Indnardaed FENIRG4 antibody
is SEQ ID NO 55. [45] FIGURE 15 shows the |ight chain

, cid sequences for anti-
(v. ?gg w&&ggﬁmﬁt@oﬁ EML64 aligned with the

[4% ?I@fh%ég‘ ?rBVﬁgs %9§N&{$§%§ E% %B an%\lng?_j g&?ﬂ s@cﬂ%nces (SEQID

uence identit RE 16 shows t.he
NGB0k e Bel hasdad groereer mmmwﬁ’tﬁié?% rsoeptor
and humani zed EML64 antl bodies. A) a light chain )
anthatyi B 1 p# 2Bl adtovBinatkshbastart of ﬁamewoﬂ@higﬁbg 3tBRrAeduengys according
a manmmal i an anti body expression plasmd. [47] FlIGURE
to Kédvshesvenddidndd nost honol ogous am no aci d sequences
of the Iight chains screened fromthe 127 anti bodi es

4, B NS IR B tspengs oo

N iRt ST e o et %%b%i‘fﬁ@@m
anp%pcim%reﬁ%' Tl e gt R BHETY ok e OB %@?

Consensus (SEQ ID NO 69). [48] FIGURE 18 shows the 10
acerdingo frbehwasnderined. aci d sequences of the heavy
chai ns screened fromthe 127 antibodies in the set of
[48) r KIGURE fl# shewihe dighvarpt leivy thaih EDRarhizo ecidrsegiehgesof antibody
of EML64. enl64 HC (SEQ ID NO 70), Ingb (SEQ.ID
EMQSL? 3:3 detbisiBed B5Q CEthiNCariahical kfabd ddfBRdnk DANID mMddeling software
lafv (SEQ ID NGO 74), lyuh (SEQ ID NGO 75), Iplg (SEQ ID

A0 50 IR g FRCRELE, e o

CRERISSPRIR N0 gt X SRR O P Oty R SRy DO
Clﬁgalﬁﬁn gé@[}iﬁgl{f% r@gg pi)ilt{g }FM mg A%p/FHeavyr@éam. CDR1is SEQID

NO:53, CDR2 is SEQ ID NO:54, and CDR3 is SEQ ID NO:55.

[45] FIGURE 15 shows the light chain and heavy chain amino acid sequences for anti-
IGF-I-receptor antibody EM 164 aligned with the germline sequences for the Crl (SEQ ID
NO:56) and J558.c (SEQ ID NO:57) genes. Dashes (-) indicate sequence identity.

[46] FIGURE 16 shows the plasmids used to build and express the recombinant chimeric
and humanized EM164 antibodies. A) a light chain cloning plasmid, B) a heavy chain
cloning plasmid, C) a mammalian antibody cxpression.plasmid.

[47] FIGURE 17 shows the 10 most homologous amino acid sequences of the light chains

screened from the 127 antibodies in the set of structure files used to predict the surface
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represent the Kabat antibody sequence position
nunbers. [50] FI GURE 20 shows the |ight chain variable
regi on am no aci d sequences for murine EML64
(muEML64) and humani zed EML64 (huEML64) anti bodi es.
mMUEML64 (SEQ I D NGO 82), huEML64 V1.0 (SEQ I D NO 83),
huEM 64 V1.1 (SEQ I D NO 84), huEML64 V1.2 (SEQ ID

rebiOu@5)L EMi EMieall 6411 (TREID IND1S), 2691 (SEQID NDGSREZ;&@ (SEQ ID

shows the heavy chain variable region anm no acid

OREI)S 1R
Nhurmnl zed %mn?ﬁbélgﬂgﬂ%ﬁ%Eﬁg% lsgm E@WN@ 53), 1igf (SEQID

NG, T RS B NP Lt emO R o ‘Gﬂnﬂﬁm% (‘P%?mly (SEQID
: NO 89, SEQ I D NG 90) and heavy

N§1E§>n§°%ﬁw @%@ ng anmino acid SEQ I D NO. 92) .

53] _FIGQURE 23 shows the |light chain_variable regiaon
HBNA BHeUBR 1§shaws dheskiesibemoiegous W%ﬁmgmm of thetheavy

(DNA, SEQ ID NGO 93; amino acid SEQ ID NO 94), vl.2
Cl(amm,creb&ﬂSE@nI the ARY @i jbodies i thecietio BEQCuR: fies 9§©d tampdedict the surface

.3 (DNA, SEQ ID NO97; amino acid SEQ ID NO 98).

re[sﬁﬁlas &1 XURE4 24 199AQNIS ($1h@ IDNIOWI,| 191 QSEQ ID NO 71) lngp (SEQ ID
| GF-1-stinmul ated growt h and surwval e

I
N Db TP kL S L RN E@éfﬁd ppress%)g Iple (SEQID
Y6 KO-
Nl 38 et B3 e IR, &848%@%95@%53%11 (sEQD
f d Tr eat t th EM 164
NE) é(ﬁi {anﬁf}sﬁﬁb@ 2g’ir)iumdeatr ﬁaarsmgerrgﬁnst rated by the
i ncreased | evel s of cleaved CK18 protein. SZA’ FI GURE
[497 SHESKREHE sbpwe the ayprage @@ﬁqsf@hthwmr §aghng ) lighscand (B) heavy

genti tabine, or a conbination of EML64 anti body and
clopirireari 2ibe regioncrasiﬂim fgmo titeH Oafiodt thomo I dgoRCstBuctyras CT lesaiumtbers
cancer xenografts in imunodeficient mce. DETAILED

ST N A tls o e

(500t | PRYIRE JoAbws REGight E@lid Yariable region amino acid sequences for murine
EM164 (muEM164) and humanized EM164 (huEM164) antibodies. muEM164 (SEQ ID
NO:82), huEM164 V1.0 (SEQ ID NO:83), huEM164 V1.1 (SEQ ID NO:84), huEM164 V1.2
(SEQ ID NO:85), huEM164 V1.3 (SEQ ID NO:86).

[51] FIGI'J'RE 21 shows the heavy chain variable region amino acid sequences for murine
(muEM164, SEQ ID NO:87) and humanized EM164 antibodies (huEM164, SEQ ID NQO:88).
[52] FIGURE 22 shows the huEM164 v1.0 variable region DNA and amino acid
sequences for both the light (DNA, SEQ ID NO:89, amino acid SEQ ID NO:90) and heavy
chains (DNA, SEQ ID NO:91, amino acid SEQ ID NO:92).

[53] FIGURE 23 shows the light chain variable region DNA and amino acid sequences for

humanized EM164 v1.1 (DNA, SEQ ID NO:93; amino acid SEQ ID NO:94), v1.2 (DNA,
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bind to the human insulin-Iike gromh factor-|I
receptor (IG-1R) on the cell surface. The antibodies
and fragnments have the unique ability to inhibit the
cellular functions of the receptor wthout the
capacity to activate the receptor thenselves. Thus,
while previously, known antibodies that specifically _
SERAR I‘A‘St?—* i #Ring; acid BFQIIR NOHS) aed v 1AM SEQ BRPIQP7; amino acid
even in the absence of I1G-—-IR |igands, the antibodies
SBQ IOrd@i®8ht s of the present invention antagonize
| G~- IR but are substantially devoid of agoni st

[5agt | FIGURE BYrhdeisiRe mhibitiéh o FIUE-Ragh@atedtowit dn@QdWival of MCF-7
fragnents of the present invention inhibit the growth

cdifs b?%ﬁfaniz%alﬁmm 1.6 arﬁi’b%ﬁg 3 E@ﬁng g%iéfarft@o?gea

presence of serum by great whi ¢

. £ nhibiti th . bt ai ned .

50 SV ISTER 2R Ao HRF VA Speraies IuP sbimo by S8 g ngMcR-7 cots.
resent invention proceeds froma nmurine anti-lG-IR

lﬁﬂn i BSEHRE Bashows thot/FYE 94 supnrssses the ppfitapopirte sHfectof 2GH-1 and

with respect to the am no acid sequences of both |ight
seawid. hegalment withibid ] 64 tesultsdenpoptiotiacslodeatif as demaabRsted biydhe
identification of surface am no acids, and neans for

inicteaseedpredsaf ditavied OEIBIbicant form [60] The germine
sequences are shown in Figure 15 aligned with the

s5EAURRASR R D7 EMG S the cHRB: &Qf@ﬁﬁﬁéq‘% Wé‘thim%jr BB apr %ﬂ?&q{aﬁine, ora

somatic nutations in EML64, 1 ncluding one each”i

' ' . in.and.in. CDR2.in th av .
ool QPR lRd el BR0GHSBe B e o L3
of aﬁtibod%rEMmél i.ght and, heavy . chains, and of
PHGHAR? SBGCL LS 0 HpRupe CAICHEbIBer ei n.  However, the
scope of the present inventionis not limted to

anti bodi es and fragnments conprising these sequences.
Instead, all antibodi es and fra%ments t hat

DEFAILEDRBESRIPAI ON OFiTHEIINYEBNTIQY growt h factor- |

receptor and antagonize the biological activity of
e C . ich. bst.anti al.l voi d..0f .
S FRES B b0 BRSO iy
Jnvention. Thus, antibodies d anti fragnent s
vipdy G B FROR A o P IO AR A JkpeN surface. The
derivatives in the amno acid_  sequences of their
andibadiepand fragorents havgtihe whannatiliey th &dibit tisgiculanfigoteny of the
fall wthin the scope of the present invention.
receptor without the capacity to activate the receptor themselves. Thus, while previously
known antibodies that specifically bind and inhibit IGF-IR also activate the receptor even in
the absence of IGF-IR ligands, the antibodies or fragments of the present invention
antagonize IGF-IR but are substantially devoid of agonist activity. Furthermore, the
antibodies and antibody fragments of the present invention inhibit the growth of human

tumor cells such as MCF-7 cells in the presence of serum by greater than 80%, which is a

higher degree of inhibition than is obtained using previously known anti-IGF-IR antibodies.
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[62] The CDRs of antibody EML 64 are identified by
nodel i ng and their nol ecular structures have been
predi cted. Again, while the CDRs are inportant for
epitope recognition, they are not essential to the
anti bodi es and fragnents of the invention.
Accordingly, antibodies and fragnents are provided

[sngg’fn% ¥erk RIGANGH DRI o3 A USRIGRYE hffbody, herein BM164,

, a Ity turation of an anti body of

r nt. i nyenti.on 63 iyerse antibodie .
ol et e oSt HE et BAbAEs PR By heavy
readi |y produced by nutatian, i%%l etion apd/or, :
chajinps ﬂﬁtlg%ﬁlﬂﬁﬂl%} pf thp EREs therfentidication e afing; gsifs, and means
sequences that flank a particular set of CDRs. Thus,
forfits expressiql i, recohbisrgforme] asses of 15 Ab are possible
for a given set of CDRs by substitution of different
[GOFeaTMe 6418ilihS seqdpcaiite shdval indgurpl16,alipaéd with thegseguence of EM164.
o,,,A-2, I gD, IgE anti body types and isotypes may be
Thé E&gféﬁ'g?n i et gfo*bxble 3brhbild ﬁht%tiola@ﬁx' m@lsmnmaigg Bnb BRN in

scop e I nvention may be produced by ‘enbeddrjig a

cof 1T Fine i g D3 VL ERLE SYm et o
d i b ' i f th i abl i h
(6181 1 £h¢ PrmeSHEERCEd SHOTNA SR G e ine bl B Jenf # heavy

the binding and specificity of each particul ar

chaimg, pivbaf/froanized ecrsions, gisrlisclesedberein. thieverer. the peapeyf he present
not usually everily distributed through the variable

invean®i Baoofimited tamititodats esd frhgmers cymppusihg these sequences. Instead, all
concentrated in three segnents called conplenentarity

antHSIdRs Eh A iﬁ'ﬁ@n{eﬁﬁitﬁﬁ%ﬁém bxd d)apanydin kR @oweofa0ts-1 receptor and

oth in the light chain and the heavy chain variable

b
| THE IR R R O skt devoid of
s b B e R L s By P ggvoid o
vari abl. Lhs of heavy,.and |ligh hai . .

s itgpnes Fal PR Resee of U oreCr kGO, Thu§iblngaigs and antibody
bet a- sheet, _confi guratij an, nnect ed b hr ee. CDRs . .
Srageoln THaS PR RBPPCLIAGY oL hiipaalsad AEhGEY ST by e Aggino acid

_ part of the beta-sheet structure. The CDRs; in_each
sequienées of theitrrepffoldo GBRselight shain es&hepvarahaing gndstill fedl wihin the scope
regions and, with the CDRs fromthe other chain,

of tepréseibeeritiont he formati on of the antigen binding
site of antibodies (E. A Kabat et al. Sequences

[szif PHOE @IDYSs of dntiBBayBMIGH G idbmifRidast modedlingand €thit inelecular
99 1, NIH. The constant doneins are not involved

strgéttrlr%g illd\ye 63@n$’r&ﬂét9@ ﬁgaiﬂ,%hili’eotﬂ¥ CDRs are important for epitope recognition,
they are not essential to the antibodies and fragments of the invention. Accordingly,
antibodies and fragments are provided that have improved properties produced by, for
example, affinity maturation of an antibody of the present invention.

[63] Diverse antibodies and antibody fragments, as well as antibody mimics may be

readily produced by mutation, deletion and/or insertion within the variable and constant

region sequences that flank a particular set of CDRs. Thus, for example, different classes of
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to an antigen, but exhibit various effector functions,
such as participation of the antibody in
anti body- dependent cellular toxicity. [64] Humani zed
anti bodi es, or antibodi es adapted for non-rejection by
ot her mammal s, nmay be produced using several
technol ogi es such as resurfacing and CDR grafting. In
Ab pe pop@bi%'fpa@ ghignisecdfidPRyYy subsiietioh af diffedeit beayy chains, whereby,
statistical analysis and niutagenesis are conbined to

foacfangilet TaG1 M IgKIDR: SLLf RDe Sg o intitRdal & es ah@ BbBMASs i@y be produced.
resenble the surfaces of known anti bodi es of the

SihAkA9! arfefal antito@iR Wi @c&?etd"fg fvgﬂriuc}nhxﬁ% be produced by

resurtaci ng of 16 anti

A TR R

. i.s _herehy incaqrporated in its entiret o

1s “Feéifc}éﬁf%,lﬂé% SG%CH%? REFEHROIICAT P 1hg VRdein 8pBaips ¥hahélff?um seguence
heavy and |light chain CDRs are grafted into a fully

apngARtibpdise ot e usedjindhe bindjrgsmd Thesificieoftdadnpatiowar antibody for
i ncl udes functional equival ents of the antibodies

itakigen. bEdwievert thesvarisiity i nctadsually evenicdistpibaled through the variable
equi val ents have binding characteristics that are

dopeimas Rk antiddidsh 68 tRficdll tconce%ﬂtateﬁ‘iﬁ’ k8o s%ﬂﬂnis Refisde,

for exanple, chlnerlzed umani zed and single chain
hods .,of
BPASIRAAE0 b A REON 5B ARl o

I t. V\D 93/ 319, P
m‘ﬂgb‘? f%ag??cgﬁﬁ(,i% I g,@ergﬁ%ﬁaf cg)?lg%ea rtlons of the variable
89/.0962. 2; Eur opean Patent Application 338, 745; and

dopAiRs 78 falingh tha dramepiork €D g ppriatlo domains phheany apdlight chains each
incorporated in their respective entireties by

corprise EowreramqvaBk régions; langedy adapting albetatsheptrmohfigration, connected by
pol ypeptides with am no acid sequences subst antially

thteh €DRsTBvIAch foe 1a6psw@nAstitlg SEYUL 86Me Bisel fim) ;be&fbéﬁh@heta—sheet
hypervari abl e regi ons of the anti bod| es of

strubENt TIRCDRSHP 84 A thhal a!ré/hélﬁ‘ ?oog%ﬁ{éF in 616s. hﬁgvﬁgq héPR regions

am no acid sequence Is rein

anwb\;vﬁltl %%éﬁﬁ tfroﬂpﬁnlétot}?eg (gfl%1§ rk%nﬁ%ru?e t%rtﬁf Forrx%g 1é/n 8t the at?tl gen binding

sequence I den er amn

SRS, KBS 8 Aol S S o,

Sci . USA 85, 2444-2448 (1988)
edition, 1991, NIH). The constant domains are ‘not involved directly in binding an antibody

to an antigen, but exhibit various effector functions, such as participation of the antibody in
antibody-dependent cellular toxicity.

[64] Humanized antibodies, or antibodies adapted for non-rejection by other mamrmals,
may be produced using several technologies such as resurfacing and CDR grafting. In tﬁe
resurfacing technology, molecular modeling, statistical analysis and mutagenesis are
combined to adjust the non-CDR surfaces of variable regions to resemble the surfaces of

known antibodies of the target host. Strategies and methods for the resurfacing of
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[67] Chinerized anti bodi es preferably have constant
regi ons derived substantially or exclusively from
hurnan anti body constant regi ons and vari abl e regi ons
derived substantially O or exclusively fromthe
sequence of the variable region froma manmal ot her
than a human. Humani zed forrns of the antibodies are

at%%ﬁloegyanﬁ%k?l e% nrléi!ﬁ&ﬂ% ggucﬁﬁ)ﬁnﬁgg géc?ﬁq%t& oo);' agte%fdées \Vlﬂ‘ng a different
ST B SO P B S50 T BB N

constant r ons 17 and varijabl e regi ons other. than
rqfﬁen@oﬂrpltfeq@lamﬁlwg droheolagyithgmusige beayy(anbbight ehein CBRs are
substantially or exclusively fromthe correspondi ng
ghified mtaatfalbokymarefieesodkndqEmRs. deri ved substantially
or exclusively froma mamual other than a human. [68]

(65 NCTHhORRLNRHLANAINBIHISs Ahstbdaledquitenits aﬂ{h% aﬁh@émes described in this
anti body fragnments, also known as single-chain

s;gegfeﬂ gr ag@ﬁ@r{{cﬁsga«%ﬁuwgﬂ%g@ E%‘Zé ﬁgg@gﬁgﬁeﬁgs@ﬁ Ly aL eoﬁﬁpamme to
4P iR Enhottel SR et SRR et deﬁ%saf%%ﬁaaé siogle chain

(VL) . with or without one or nore interconnecting
alPthét?rS &s well @p fra%gmeﬁus dherepfy Methedsaf @mducmoésephaﬁ@cnonal equivalents
peptide selected to assure that the proper
atetiisedosdd mePST dypplichtoindW P 382 1 318eEdivharaltadent Vigplidatiomi Ne. 239,400,
occurs once they are linked so as to maintain the
PCaT AYsilicaRb £ B0 89/0D61H; EYrdppaACP Atk Aypmﬁtlémwm énd European Patent
anti body from which the si ngl e- chain anti bo y

A%Pﬁ%HtEP' @”d@rﬂ Wﬁf&h a%ﬂ@&gbfa‘(ed 15'1 cif fes ent #ﬁ@?@%&fﬂmce

he (VL) or sequehce may e Co

[é@f Sb‘ﬁﬁ‘ +3nRG é@“v%?ep&@gl%e c%iv}_sp%d q {e{gcgc I odg.ctf %e@ugﬁc}ls I§ubs’cant1ally

conp emen
antlbod fra ment.,s ener ed by mul cuI ar
e A AR D 0 SRR OF B PEAS AT GRS e of the
t echni ques. These prot ei ns may be produced either in )
anfihedisy @tf the ipegntiong rSubﬁt@méeaﬂlyébfp %a 3| 4s @ppligsldp gdiamgno acid sequence is
bacteria. [69] Single-chain antibody fragnments contain
defmeddierin es s squemessithaéasyatamt Pe4ssndomereqirefetdbty at least about 95%
vari abl e or conplenentarity determ ning regions (CDRs)
s@fuehideddaiiey & @tk aftidSacidigaendaesl deferinhed by the FASTA search

specification, but are |acking some or all of the
RARAARLcolRRS NS PeatsHOSEI Lipman, Proc. Natl. Acad. Sci. USA 85, 2444-2448
(1988).
[67] Chimerized antibodies preferably have constant regions derived substantially or
exclusively from human antibody constant regions and variable regions derived substantially
or exclusively from the sequence of the variable region from a mammal other than a human.
Humanized forms of the antibodies are made by substituting the complementarity

determining regions of, for example, a mouse antibody, into a human framework domain,

e.g., see PCT Pub. No. W092/22653. Humanized antibodies preferably have constant regions
17



anti bodi es. These constant donmai ns are not necessary
for antigen binding, but constitute a nmajor portion
of the structure of whole antibodies. Single-chain
anti body fragnents may therefore overcone sone of the
probl ens associated with the use of antibodies

ontaining a art or all of a constant domai.n. For .
e YA Gresihns QAR dhom e SHTEP BB P P BRI NE drRiolsd (LaRs) derived
free of undesired interactions between biological
subptindielly o8 exmiusively foakihy cotrasnondioa Suman anigbpdynegions and CDRs
ot her unwanted bi ol ogical activity. Additionally,
desvetdubstahiddlly amdxicleiyylyf ffagaenimmalr @hdi8haonkmders abl y
smal l er than whol e anti bodi es and nay therefore have
[682]{ emai&napednlliamnts PRS (RARId sirtgle-EXAR ax\MB%Jd? 51% eBRJA8S known as
a

ow ng si ngl e-chain anti body fragnments .ocal | ze

I
b 850, OB RLOELE ' Al B
B BB SROEL b RLE5% i Begmeno

relatively small size of single-chain antibody i .
an ppibadyritasiableldisht-chapsequence 6\1%& 8litfh of gvihostenecorapore iptgreennecting
response in a recipient than whol e anti bodies. [70]
linkemc Sucinalinkepmaybenstort fekibérpeptidd selectéd taguene thaothe proper
anti bodi es that have the sane, or conparabl e binding

thréS-aindéds@inlabfoldisig b tHe {V S PandfV ) @6muhe beciai bhdeatyy areUfilted so as to
fragnments may contain one or both Fab fragments or

- mdifGinfthe Piryed nfléléﬁﬂ«?ﬂﬁlfii[n@;s?%&?gﬁ%ﬁ thE S/ 4ftBHYy from which the single-

ragnents. contaln a ementarity destl erm ni ng
r.eai ens..of the . whol Nk b .4l t hou fra ts
el ERS oy H Pl B0 RaRMy, Y DB e b B TR B v,) or (Vi)
three, four or, fjve , are also.. nctional . . .
SEQUFPEHERY Be Gavaleniby @%éa& $BFRLiE dinkerto fthe Bpinggeid terminus of a

combi ne nenbers of any one of the follow ng

comnplementary BYLX 4nd (Yiuhssquencel g@gle-ghain pytibodydiagmentsimay be generated
and the subcl asses thereof. [711 The know edge of the

by amdlemm ] arailching)dntibedyephaga disglay difraey oesinfilar techigiques. These proteins
anti-1G~1 receptor anti body EML64 and its humani zed

mayde REdifced WMth&fin RBar S 8Ll b 86 pRaRESbe cARNiNBRIdingUWHRELHRO
devel op ot her anti bodi es whi cﬁ al so bind to human

_ _ R | D ¢
[6dt]ﬁe:8:m§%?-|6% %tlﬁcg'gr. frA3h Bt ciohlfh?n %}'Iﬁ.@lg aEidaJeq&éﬁE&t lllzgig'é% ﬁeleast one of

recept Several stu ave ‘survey
oSS U B B Ao M

described in this specification, but are lacking some or all of the constant domains of those

antibodies. These constant domains are not necessary for antigen binding, but constitute a
major portion of the structure of whole antibodies. Single-chain antibody fragments may
therefore overcome some of the problems associated with the use of antibodies containing a
part or all of a constant domain. For example, single-chain antibody fragments tend to be free
of undesired interactions between biological molecules and the heavy-chain constant region,

or other unwanted biological activity. Additionally, single-chain antibody fragments are
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anti body, based on the know edge of the primary

anti body sequence, on its properties such as binding
and | evel of expression (Yang, W P. et al., 1995, J
MJ Biol., 254, 392-403; Rader, C. et al., 1998, Proc.
Na.tL Acad Sci. USA, 95, 8910-8915; Vaughan, T.

QP T LN DS

anti hody have been_ generated by changi ng_the

pesmgERiibeSaR Phplkenfbadiss aHawimeghrelerhiin apidiney fragments to localize and
CDR1, CDR2, CDR3, or framework regions, using net hods

bind ¢htargst @Ml@amrhmdlegtsxtc@mmohfﬁmemtlss iAlso, dnmlmcltyénhgments can be
mut agenesi s, cassette nutagenesis, error-prone PCR,

profiéeedivnf§ f telatiyelyQsirgggt At af pokidohis cdlfs, us eRllitatinganeh gfbduction.
T. J. et al., 1998, Nature Biotechnol ogy, 16, 535- 530;

F\ﬁﬁﬁ:‘ﬁnm[@ 11 reﬁﬁvél}' smaﬂl%?zg'of %%%t ain-GutibBily ﬁa@égr}tg a%agl(eé fflem less

Phage Di sp ay of Peptides a rotelns

Academ c _ Press f
1 & e B et T iR S TR SRRl
7af;  Bistientl caitalenis abordndluda Sigmenst pantiadins AL Bere the sare, o
Sci. USA, 89 3576- 3580; Boder, E. T. et al., 2000,
comppesablpbindingeharectesistics togapseaf thenghalg antipds; Suchdisgamnts may
J. and R echmann, L., 1996, |munotechnol gy, 2,

cohffin d7&or BdthFab dragméntsei thad F(ab"),fB¥ment PeferablBitelantibody fragments
256, 77-88; Short, M K. et aI , 2002, J. Biol. Chem,

C&?%?naﬁégg%ﬂrg%zz e 7% Bcgké)%ger%"}%gér%ﬁlubr&gc? é%b“gh

T %hggéggsag@z@ag@%%;é& PR, oo
¢ cgtlés n]\':lurglhellr;) tg(a ﬁf%ggg%l%agg/ﬂ%o dev ér?qrg}ocbglblrteﬁiml?ﬁré of any one
nj.ygat.es, of the present invention conprise
o kiBaeS OB oo 05, 1A buli Dt 1gFs Bhbhe ublasses

herein, linked to a cytotoxic agent. Preferred
theseobt oxi ¢ agents are mayt ansi noi ds, taxanes and
anal ogs of CC-1065. The conjugates can be prepared by
[7ih VIlie lmowieddeadshe dMlinoradRY andaukieftkacid @ qaaticed ¢ itlee anti-IGF-I
agent to the antibody, a linking group is used.

reS3ptéroRtiBolly BiI169 208 H BEMBAQ e IRArt ankd) QtEhi ke &eﬁ@rﬂ?é’dthéi‘élﬂ can be
i ncl ude di'sul fide groups, thioethef groups, acid

usbd B h@ve%ﬁ) d&%ﬂér anﬁﬂ&hg% @Ell }12133 rb%ﬁ)t%’hvﬂﬁﬁtlt}gﬁsfgcep%'ang inhibit the

grou esterase

cellular functions of the IGF-I receptor. Several studies have surveyed the effects of
introducing one or more amino acid changes at various positions in the sequence of an
antibody, based on the knowledge of the primary antibody sequence, on its properties such as
binding and level of expression (Yang, W. P. et al., 1995, J. Mol. Biol., 254, 392-403; Rader,
C. etal., 1998, Proc. Natl. Acad. Sci. US4, 95, 8910-8915; Vaughan, T. J. et al., 1998, Nature

Biotechnology, 16, 535-539).
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groups. Preferred linking groups are disulfide groups

and thi oether groups. For exanple, conjugates can be

constructed using a disulfide exchange reaction or by

form ng a thioether bond between the antibody and the
cytotoxic agent. 20 [75] Maytansinoids and

mayt ansi noi d anal ogs are anong the preferred cytotoxic

[7apentnshese sy aigR| Sfiadts oF\ihd ﬁ%ﬁrf”ﬂlﬁ‘ﬁbé@f . Eﬁig'bquil g&felré{gc?by changing the

mayt ansi nol and mayt ansi nol anal ogs.” Suita

ok ds, . o ¢ .
se By 203@%1!‘1@9 hga? éfgaréﬁ_}%gts&lfﬂgg%e%gr#ﬂeil%ﬁﬁCg?}%z,%m, or framework
4. 946; 15,929:..4,331, 598; 4, 361, 650; 4,362, 663;
Ieal’ogéii’sglgé’f’letﬁ?%ﬁ?l’t%S4(?11@’11§ Qg%edqgeg?g?-g%ggted mutagenesis, cassette
6, 333, 410, 5,475,092, 5,585, 499; and 5, 846, 545. [76]
myiagencsis, SF-PEPROP GR PNy darfllipe cvranitetongisins of Faomin®&ughan, T. J,
suitable for use in the present invention are
et@l.s 398 s Hduira Bior@imdlage 16, Ses53%,A31%2, N3B. endl, 605 Chfér 16, Pp.
[77] CC-1065 and its analogs are also preferred

272908 xYRhage DAHIG08f PEpBAbs id B oRiRIEBds, Idagv%fki &1, Academic

CC- 1065 and its anal ogs are disclosed in Pat eh

PrFk‘?%*g?.]- TRes3 hlotiAB of @hﬁ%g'xﬁgtgé gfaeu%%lged'&itﬁé f?m%'&% glgglgg%ﬁ%f% resulted in

An attractive or e’ prepar

. .0X] conj ugat es,..i s,. CC._106 ich i a

i A i Ry BRGSO Rtk o Aot 4R e Dt Malerdoad. Sci.
[ at.h ept onzyces zelensis. CC-1065 i s about

U%g{?z ?g{ 6d3%13:9é EOE%& én?- st gl-,4Q00o P tasaNatkr4cadodaiotSy, Uk 8701-10705;
anti - cancer dru%g, such as doxorubicin, nethotrexate

Dagies, {+iand Riechnman (1B, 1Q96BAupancretinalgy, 2,0468¢K1; TRespsord 2, et al,,
3532-3537 (1982)). [79] Cytotoxic drugs such as

19861 .hdfaleBial. £256) ATH88Y Siwirt; ML, K sy 20020, Biokk CReMI, U7 "B5365-16370;
vi nbl asti ne, nel phalan, mtonycin C, chloranibucil,

Fuaiehwaaki 62 anoi cnpal ©Rhs @ 78Ubidblechey the
preparation of conjugates of the present invention,

7S e MBRLEEHR ORI PSRy oot

anti body nol ecules 't
For _di agnostic

cyl e ch as seru bum n. . [ 80]. )
aafBodit ieBnHEd) RS oSl iNits ivenhort Sl 1280 ahdavitop ant-IGF-
typically will be [|abeled wth a detectable noiety.
Irﬁ‘%/‘?gtoaé?@éd%lvﬂtw}%‘?‘ﬁﬁdmt%&any one which is capable

[74?]f The conjugates of the present invention comprise the antibody, fragments, and their
analogs as disclosed herein, linked to a cytotoxic agent. Preferred cytotoxic agents are
maytansinoids, taxanes and analogs of CC-1065. The conjugates can be prepared by in vitro
methods. In order to link the cytotoxic agent to the antibody, a linking group is used.
Suitable linking groups are well known in the art and include disulfide groups, thioether
groups, acid labile groups, photolabile groups, peptidase labile groups and esterase labile
groups. Preferred linking groups are disulfide groups and thioether groups. For example,
conjugates can be constructed using a disulfide exchange reaction or by forming a thioether

bond between the antibody and the cytotoxic agent.
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producing, either directly or indirectly, a detectable

signal. For exanple, the detectable noiety nay be a

radi oi sotope, such as 3H, 14C, 32P, 35S, or 13'1; a

fluorescent or 21 chem | um nescent conpound, such as

fluorescein i sot hi ocyanate, rhodam ne, or luciferin;
an enzyne, such as aIIcaIine phosphat ase,

et | act SI dase hor dISh ero das
(757, RS e P}?ég’é‘ﬁ‘fm R A AR AR e R aents
to the detectable (i, tD I D nmgy be enpl oyed
Examples af siatabls gazytanst n%i@é%mawéaﬂw angd @eaewtansaol apalogs. Suitable
Nat ure 144:945 (1962); David, et al., Biochemstry
may@ngioaids aegtistiqsetan H,S. Pateat Nos.14,424, 2490 41256 V86 14,2947 91,9,307,016;
(198 1); and Nygren, | Hi stochem and Cytochern.
4,338,946:74,8 159538} 4,338 20814186 RS 0; LIBH2666304, 368 6H £5501254; 4,322,348,
i nvention can be enpl oyed in any known assay nethod

4 %3%"5@33@333334%*5'475\092*35 Rels Ao, %&@}5&6 sdsrect and
i ndi r'ect $andw ch’assays, and |nnunopre0|p|tat|on

[7§2§§‘¥ﬁ?%neggljeaalso'\ﬁ'gi%g ggg’é d%nftéé rggls i fiuﬁ% %ﬁé@%%r use %@f present
m\Q;Tgth}? ?Prt i bOﬁ)léee(iS Who(é 1SeP?1t°% gsgfq'ﬁ(}a Jgg %g éﬁg:ﬁ f;J:1 ;or in

det ectabl e noi ety such as a radi o- opaque agent or
[7H adCéi-550pd itsamalegsrngi adtoaprefgrred cxfotpxls) drues foguss by th pyesent
into the bl oodstream and the presence and | ocation of
invehtdorl. a0€41645 and itbanblogsrare Hscloosdt inilsS aRAentdths. 65773,738; 6,340,701,
i magi ng, technique is useful in the staging and
5 g46aa,t5|§§@5 585,48l i gnanci es, The antibody nay be | abel ed
h any nolety that is detectable in a host, whether

[7533’ %Citﬁ%vg@m&itg fcfr‘?ﬁé’ﬁx@?ﬁrgu%rg ?fjéu% eg% _ng?cf c ﬁ%a”cedv. is CC-1065,

etection neans known | he an

1 he tjon al affinjt

Wh;scdlrlfﬁpetﬁ%ﬁ L3R 2LRRORE fsolBeH Bl Bie Bk Elboth of grmprances

are do table support, such a Sephadex
zelpises; nCGT 63 ist%out b@eﬁ%ﬂi %{Wt%f'ﬁwag thgh e kAT AuSed anti-

the art. 1851.The antibodies of the invention also are
canpseduigs,such asedpxarubiin, BetbpioeHatmandrdnasistion (B.Kb Bhaparoet al., Cancer
~their inhibition of the function of I1G-1 receptor in
Res.p42,8532-3537 (1982)).

[79] Cytotoxic drugs such as methotrexate, daunorubicin, doxorubicin, vincristine,
vinblastine, melphalan, mitomycin C, chlorambucil, and calicheamicin are also suitable for
the preparation of conjugates of the present invention, and the drug molecules can also be
linked to the antibody molecules through an intermediary carrier molecule such as serum
albumin.

[80] For diagnostic applications, the antibodies of the present invention typically will be
labeled with a detectable moiety. The detectable moiety can be any one which is capable of
producing, either directly or indirectly, a detectable signal. For example, the detectable

moiety may be a radioisotope, such as 3H, 14¢ 32p 353, or BI; a fluorescent or
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[ 861 For therapeutic applications, the antibodies or
conjugates of the invention are admnistered to a
subj ect, in apharmaceutically acceptabl e dosage form
Theycanbe 22 adm ni stered intravenously as a bol us or
by continuous infusion over a period of tirne, by

i ntramuscul ar, subcutaneous, intra-articular,

chemiluasiysacatit abmpbﬁlﬂid atlélﬁahaﬂluor@srcain,lsdt@@b%bte Modamine, or luciferin; or
i nhal ati on routes. The anti body may al so be

an@R0Y Mk SLSk @Qa]ﬁl’ﬁhﬁé‘f}ﬁd@{nl eateta-%gfabttokﬁ@sre%r’horseradlsp Dergxidase.

|ntraIeS|onaI or ' esi onal “routes, to exert

eutic effect Sui .
82 o e ?Waééﬁe%?%ﬁq" S8hingp e ¢ Adivogin B2 %ﬁr?afable moiety
ts ar known and can_be_determ ned
gy R g i udis e BYeth R Crreibes PR Feafor it lahlatmie 144:045
warrants. nples of suitable carriers, diluents
(196701 Brawéx@t.a,bs Binobemisdlydel 01411 9T4)) Paincat'ab, o frmsyohalt Meth, 40:219
buffered saline, pH about 7.4, containing about 1
(19@Jonmdmyg5n;@/r{mobimranseymhainbmm (1682).0. 9% sal i ne
(0.9%wv NaCl ), and (3) 5% (wv) dextrose. The nethod
8P the BsEBS of ﬁ\é%sbﬂt%@éﬁoﬁ%w BE &5 Ioggcijui d?lgf\i\nuv% assay method,

in vivo, or ex vivo. In other th peut |

sullf £8¢ ifive Pﬂﬁl%ﬁés% g‘ct 2R 1R alg&v?l%ﬂg?st&? %{%ﬁl h

conj ugates o |on are co-a

lﬁ%rﬁéesﬁrﬁoig%ﬁh@?ﬁcr%%ivc?cﬁﬁfﬂar@ Ao ehniaues,

cytotoxic or cytostatic agents. Taxol is a preferred
PPtlﬁgrlasﬁe(Qﬁ(‘cP%?é%ﬂﬂcth%& M s also a cytotoxic agent. [88]

Cancer therapeutic agents are. those agent s that seek
[83]o KkiHelantibodiesrof the evegtiawelso efe usefuh forrin eb imagihg |veherein an
doing m ni mal danage to the host. Thus, such agents

. antibydyeibdled tvithrnydetetitdbiemenge siudh a@@ﬁ*ﬁcﬁb-o@@#ﬂe a%Eﬁ%Rﬁ'rrEdl@ﬁotope is
(e.g. nmetabolism vascularization or cell-surface

ad@MisBRA to REBRBL ﬁféf&@ﬁlyflﬁtggbgﬁl%b&slﬁ%aﬁoacﬁd thE *eéence and location of

Di fferences |n funor norphol ogy are pbotenti

thef: lgf)el % RfHouSh os R g&rp Jl"ﬁls 1%1?@3%%581115]%% hg% tbf staging

anatlb suc sana

i in retardl t he yascu zatlo 0
aﬂ? Fretifieat oL RGP ek TH A BodBALDS 1bERE it mas g dhatie
ate, OQther therapeutic agent S i ncI ude, but are not
de‘ICP‘i%HeéEI athgst, ydyethst by nualearinagnetie rpaonrace, sadiplogy, or other detection
androgen inhibitors such as | euprolide acetate,
means kipvat indbe stich as  doxor ubi cin, antiestrogens such
as tanioxifen, antinetabolites such as interferon

[84]] piThe Antibodies of the invention also are useful as affinity purification agents. In this
process, the antibodies are immobilized on a suitable support, such a Sephadex resin or filter
paper, using methods well known in the art.

[85] The antibodies of the invention also are useful as reagents in biological research,
based on their inhibition of the finction of IGF-I receptor in cells.

[86] For therapeutic applications, the antibodies or conjugates of the invention are

administered to a subject, in a pharmaceutically acceptable dosage form. They can be
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cytotoxic agents such as taxol, enzyne inhibitors such
as ras fanesyl-transferase inhibitor, 23

i mrunonodul ators such as al desl eukin, and nitrogen
nmustard derivatives such as nel phalan HC, and the

i ke. [89] When present in an aqueous dosage form

rat her than being | yopbilized, the antibody typically

f.or mul a ncent.rati an.of about 0., 1
aaifiilierd e h ERA LS Sharfs BN SN i Rian iR batiads time, by
. of these ran?es |s ern1tted For the treatnent of
fggraysglar, subatangous; @ﬁfar@tléularogs@eyrmwénntrmhagalmal topical, or

conjugate will depend on the type of disease to be
inttatagiat eoljtes. dBhedmtibnéylmapase betalimirs stered ibt\in@atdme i) 5egit@horal,
t he di sease, whether the antibodies are adm nistered

intfaMsiqpBE e Périleelond] rbutes, 4P Bkt 1©cdllal V&Féﬁst@ SystbhR thoY &ﬁm%&'fects
previous therapy, the patient's clinical histor

SultesiPpRaMabQutichBy Qégehﬁﬂﬁ)’carr?e?g d%lﬁ%ptg land bk 1&)&% sQfe W2f known and

attendi ng phyS|cha The ant’i yis )
caf SERILALEEERy o} T ﬁg%nfi%s%ﬁmqa mﬁlm‘?%,agwaﬁaamples of

erit t he d ease,, about 0.015 to 15 of
S“‘E?E’X § $54 F%{ij USFTS&B B FrECiRientg rclude: G Duibaceels p pigduffered saline,
dosage for admnistration to the patient, whether,
PHf abouickArgontainihg abor 1ang/m te2$ eygAn bienasennh athuatih 0@$0.9% saline
or by continuous infusion. For repeated
(0.8%wiviNACIRtah A (3) 396 €w/+9 @éeticie. dAY mefiod cTMBEpreseh® RERAIiMcan be
on the condition, the treatnent is repeated -until a

praéasedrzﬁduwmpbﬁ@%r@&v% di sease synptons occurs.
However, other dosage regi nens may be useful and are

ot \Y

ik 03?5322*“2%%%‘%% il r%ﬁﬁf.%h%ﬁ%‘ SRRl prsprinastes of
and i.ndi cat ed, Wi hunber s ' n anti bod

e RegtBf ko finthntd Fislone pors adbitopal byl hemnis. Suitable
i nsul i n- I|ke growth factor-1 receptor (iG-1R),

thepgpepts %peélbﬂlaclaﬁff, ibBbe et Limited toaytotoritgreitosiatic agents. Taxolisa
antagoni st of said receptor and is substantially

predrveditherapeusig @getthatds aloo & yytotowaragent. d r ecept or .

[88]  Cancer therapeutic agents are those agenfs that seek to kill or limit the growth of
cancer cells while doing minimal damage to the host. Thus, such agents may exploit any
difference in cancer cell properties (e.g. metabolism, vascularization or cell-surface anti gen
presentation) from healthy host cells. Differences in tumor morphology are potential sites for
intervention: for example, the second therapeutic can be an antibody such as an anti-VEGF
antibody that is useful in retarding the vascularization of the interior of a solid tumor, thereby
slowing its growth rate. Other therapeutic agents include, but are not limited to, adjuncts
such as granisetron HCL, androgen inhibitors such as leuprolide acetate, antibfotids such as
doxorubicin, antiestrogens such as tamoxifen, antimetabolites such as interferon alpha-2a,

cytotoxic agents such as taxol, enzyme inhibitors such as ras farnesyl-transferase inhibitor,
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2. The antibody or antibody fragnent of claim1,
wherein said anti body or anti body fragnent is
resurfaced. 3. The anti body or antibody fragnent of
claiml, wherein.said antibody or antibody fragnent
is human or humani zed. 4. An anti body or anti body
fragnment that specifically binds to an insulin-Ilike
. growt h ctor-l_r pt.or, wherein said.antibody o
i b S St o TRl FShR e Ayt fhsietpbaten
f a_cancer cell by greater than about 80%in the
Hgk%@ﬁ’é’élkﬁf a growmh stinmulant selected fromthe
group consisting of serum insulin-like growth
[8Phct When presehtiim g hqusotis dosagy fomnbirather thom-Heing [ophilized, the antibody
anti body of claim4, wherein said cell is a human

typiRAICEwilC e formBlateiutarbhdatiti® ofdbbh®d Ynd/ RN mg/ml, although
conprising at | east one conplenentarity- detérmning

ECARRGHARE: BB S o S BT RS
e PO 4 0 B h ps be rsi

(SEQ NG 4), KVSNRFS (SEQ | D _NO 5), FQGSHVPPT ( SEQ
as|dB*Elm§.l BDt)QVGaztka S?Yen%mgrﬁorl%s @? therdiseass, pegiher thsgntipedics are
conprising at |east' one heavy chain and at | east one
admigtstereshiar proverisiedir thesancuti panppsestihe nowserpf previous theepy, the
sequential conplenentarity- determ ning regions having
patientsalaiiabhisteny emtresponeptocthe antiib dpyan3HRE HiseiEE 4f tBe attending
respectively: SYWWH (SEQ ID NO 1).1

pHEATIRRNEH MANGHE K duf a1 hRi RN to the patienf at one time or over a series of

treatments.

[90] “Depending on the type and severity of the disease, about 0.015 to 15 mg of
antibody/kg of patiéﬁt weight is an initial candidate dosage for administration to the patient,
whether, for example, by one or more separate administrations, or by continuous infusion.
For repeated administrations over several days or longer, depending on the condition, the
treatment is repeated until a desired suppression of disease symptoms occurs. However,

other dosage regimens may be useful and are not excluded.
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GRPDYYGSSKWYFDV (SEQ I D NG 3); and wherein said |ight
chai n conprises three sequenti al

conpl ementarity-determ ning regions having amno acid
sequences represented by SEQ I D NCS: 4-6, respectively:
RSSQSI VHSNVNTYLE KVSNRFS FQGSHVPPT (SEQ I D NG 4),

Thelpeéent IAvBidon)also éﬁ&@ek BhyN6h o £ thS embh&nRtsidr@ BéePbelow and indicated

ant i body fragnent of claim?7, wherein-said heavy chain
: t .90% sequence identity to an amno acid
wmgg%l?g?lnc?g%sﬁg%r%%ent ed by SEQ 1D NO 7: QV QLQOS GAELVKP
GAS VKLS CKAS GYTFTSYWHW VKQRP GQGLEW GEI L
NPSNGBE Mt dsrieAThddsDiGment that specifi¢ally binds to an insulin-like growth
SSTAYI\/QSSLTSEDSAVYYFARGR_PDYYGS S KV\_Y(FDW\EAGT TVTVSS _
factorREEedebtoNIGH IR )P whifksh shid Aty Of ardibbliP Gdyméntdgabartagohist of

claim3, wherein said heavy chain has at |east 95% |
s R B PP R opor.
AT R e BB ROV R R R

NO 7, 11. The antibody or antibody fragment of claim
fragmenpifseairfecedi d | i ght chain has at |east 90% sequence

identity to an am no acid sequence represented by SEQ .

| D N@h8 antibilyovianieaiy Bigeiat cbclast § wherein said antibody or antibody

CRSSQSI VHSNVNTYLEW | ' LQKPGQSPKLLI'Y  KVSNRFS GVPDRFS GS
fragen DR aklcpRyEnARTRe WY CFQGSHVPPTFGGGTKLEI KR (SEQ | D

NO 8). 12. The anti body or antibody fragnent of claim

11,4, WORER{Yd G Bk entib iy ifrapRRnHABS edificall yerfds t82%Gnsulin-like growth

sequence identity to said am no acid sequence

factBﬁPfe%éﬁ&t, Ghhelin %@aﬁ@)d@or %ntibody fragment is capable of inhibiting the

growth of a cancer cell by greater than about 80% in the presence of a growth stimulant

selected from the. group consisting of serum, insulin-like growth falctor;-I' and insul_in-like |
growth factor-IL. | o

5. The antibody of claim 4, wherein said cell is a human cancer cell.

6. An antibody or antibody fragment comprising at l€ast one complementarity-
determining region having an amino acid sequence selected from the group consisting of
SEQ ID NOS: 1-6: |

SYWMH (SEQID NO:1),
EINPSNGRTNYNEKFKR (SEQ ID NO:2),
GRPDYYGSSKWYFDV  (SEQID NO:3),
RSSQSIVHSNVNTYLE (SEQ‘iD NO:4),
KVSNRES (SEQ ID NO:5),
FQGSHVPPT (SEQ ID NO:6).
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13. The anti body or anti body fragnment of claim 11,
wherein said light chain has an am no acid sequence
that is represented by SEQ I D NO 8. 14. The anti body
or anti body fragnment of claim1, conprising at |east
one conplenentarity-determ ning region having an

anyn I: fromth rou .
corics B0 BPBERRRNP ReBib ok 8ia |G by chginand atIeas
El, NPSNGRTNYNEKF SEQ I.D NG 2), .. GRPDYYGSSKWV' YFDV |
one lightehaip, %Eifésﬂ,sa@%& AR RRARIPTESS thrseepqusnie cppiplementarity-
KVSNRFS (SEQ |D NO 5), FQGSHVPPT (SEQ I D NO 6). 15.
deterpraing gegionsdiaving ampivoteifsefvengaereprasented dySEQ ID NOS:1-3,
conprising at |east one heavy chain and at |east one
respdetig¢ly: chai n, wherein said heavy chain conprises three
sequential conplenentarity-determ ning regions having

am no agygurgguences repres g?k}‘(o:}!;Q ID NOs: 1-3,
respectively: SYWWH (SEQ ID'NO-"1), 7

El NPS WD ] ggg DYYGSSKWYFDV
( SEQ Wé c an er@]&@i 1 sight chai.n
conpris | Al | enentarity-determ ning
r egi onsgﬁﬁg\%ﬁésgﬁﬂ%%d gﬁ’gﬁgﬂé@ﬁkepr esent ed by
SEQ | D NCS: 4-6, respectively: RSSQSI VHSNVNTYLE (SEQ I D
and wggrein said kighyrrin CSEDyises thiep Byquentixpesmyheient SR defermining regions
NO 6). 16. The anti body or- fragnent thereof of claim
havirg amihe reitisequdndesuepidsaryd BPSBQIIDEANOS:4-Ber¥pectbalyn t hat
-has at | east 90% sequence identity to an am no acid
SequenceSSESIESNVAIYYE  (SEQ ID NO:4),
KVSNRFS _ (SEQ ID NO:5),
FQGSHVPPT (SEQ ID NO:6).
8. The antibody or antibody fragment of claim 7, wherein said héavy chain has at
least 90% sequence identity to an amino acid sequence represented by SEQ ID NO:7:
'QVQLQQSGAELVKPGASVKLSCKASGYTFTSYWMHWVKQRPGQGLEWIGEI
NPSNGRTNYNEKFKRKATLTVDKSSSTAYMQLSSLTSEDSAVYYFARGRPDYYGSS
KWYFDVWGAGTTVTVSS (SEQ ID NO:7).
9. The antibody or antibody fragment of claim 8, wherein said heavy chain has at
least 95% sequence identity to said amino acid sequence represented by SEQ ID NO:7.
10. The antibody or antibody fragment of claim 8, wherein said heavy chain has an
amino acid sequence represented by SEQ ID NO:7.
11. The antibody or antibody fragment of claim 7, wherein said light chain has at

least 90% sequence identity to an amino acid sequence represented by SEQ ID NO:8:
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SEQ I D NG 7:
QVQLQRSGAEL VKPGASVKL SCKASGYTFTSYWHWKCQRPGQGLEW CGEI
NP
SNGRTNYNEKFKRKATLTVDKSSSTAYMQL SSL TSEDSAVYYFARGRPDYYGSS
KWYFDVWGAGTTVTVSS (SEQ I D NGO 7). 17. The anti body or
frav\gment t hereof of claim 16, wherein said heavy chain
hddV EMTQERL LB SPQEHE CRSSQRVES NN T HILE VALK REQIPKLLLY
_ sequence represented by SEQ ID NO 7. 18. The anti body
KVSHRFS CATRERES GRESSIDRITLRIBRVRARD LGMEY EFQGSH VPATRGBGTKLEIKR
chain has an am no acid sequence that is represented
(SEQuY $6B)L D NO. 7. 19. The antibody or fragment thereof
of claim1, wherein said antibody conprises a |ight

chai : 0 ' i . .
R, o8Pl 637 A OGRS Bty i i
least %%I\é"- P%M%' a?n%chJS g(% ls%@%%;%e%%%}e %PJ%HOYB
GTDFTLRI SRVEAEDL GAYCFQGSHVPPTFGGGTKLEI KR (SEQ ID
NG3g) Thepmtibgipongtibpdyi{regmentof glaimtl 1 Wheisof said lightashain has an
19, wherein said light chain has at | east 95%:
amines ecjd eaquenicel trat istrgprecentedi ey ST @O N©i8J sequence
represented by SEQ ID NO 8. 24d 21. The anti body or

f 11010 B aritiBE AL 6F artfboly Bhghdf of Whahal Boxﬁﬁﬁgn% Liolahst 68

in
has an am no acid sequence that is represented by SEQ
' &1 - o : | M t r I
com oDty s Pl LARDTERL BLERNL: BRI o
seque I ed fromthe group consisting of.
°°n51mfggﬁéﬁﬁ§éﬁ PASI SCRSSQSI VHSNVNTYL EWL QKPGQSPRLLI Y
KVSNRFS PDRFS GS
GAGTDFT%EI\J‘/@@EAEDLG YYCFQGIPE@PENESETKLEI K R (SEQ I D
NG 9); DVLMIQIPLSLPVSLGDPAS IS CRS S
QS| VHSNERTPENGRINFREIKR L | (BEQAENRESY), GVPDRFS GS
GAGIDFTLRI SRVEAEDLG YYCFQGSHVPPTFGGGTKLEI K
GRPDYYGSSKWYFDV  (SEQ ID NO:3),
- RSSQSIVHSNVNTYLE  (SEQ ID NO:4),
KVSNRFS (SEQ ID NO:5),
FQGSHVPPT (SEQ ID NO:6).

15. The antibody or antibody fragment of claim 1, comprising at least one heavy
chain and at least one light chain, wherein said heavy chain comprises three sequential
complcmentarity—determinjng regions having amino acid sequences represented by SEQ ID
NOS;1-3, respectively:

SYWMH (SEQ ID NO:1),
EINPSNGRTNYNEKFKR (SEQ ID NO:2),

GRPDYYGSSKWYFDV  (SEQ ID NO:3);
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R (SEQ ED NG 10); DVLMIQTPLSLPVSLGDPASI SCRS
SQSI VHSNVNTYLEWYLQKPGQSPRLLI'Y KV SNRFS GVPDRFS GS
GAGTDFTLRI SRVEAEDLG YYCFQGSHVPPTFGGGTKLEIK R (SEQ I D
NO 11); and DVVMIQTPLSLPVSLGDPASI SCRSS
QS! VHSNVNTYLEWYLQKPGQSPKLLI'Y KV SNRFS G VPDRFS GS
GAGIDFTLRI SRVEAEDLA YYCFQ GSHVPPTFGGGTKLEI K R (SEQ I D

and wiyggerpgaid Dght ciipia comprisesdiressequeatiaermyp e eattyaietahaning regions
1, conprising a heavy chain variable region having a-

having emirenacdd seepreess népeebehied SEQBEPINNAS4-6rdé éBtMe@?: GAEV
VKP GAS VKLS CKAS GYT FTSYV\M—I\N VKQRP GQGLE&\V
NPSNGR
SSTAYMQLSS TSEDSAVYY' FARGR Y?((%g\l OK\%(FDW\B(I-}TTVTVSS
(SEQ | 24. A phar t b onposi tion
conpri g\{%ﬁﬁe ant i body oﬁgﬁﬁ@gg ér agment of claim
1 and utically acceptahble carrier. 24e 25. A
conj ug%@%@?&& ng the af®ERIBNGO)anti body fragnent
of. claiml linked to a, cytotoxic agent. 26. The

cdhj Ubaentibgdycirdragnest thawef ef daisal dvicsreintsadi antibgdyntomysrises a
selected fromthe group consisting of a maytansinoid,

heavyechaimeihbt Iehs agleast 0rpsbiquence addntixpidtan £6mbA6R safebn@e Fpresented by
1065 anal og. 27. A pharmaceutical conposition

SEQ@N@_7§I ng the conjugate of claim26 and a
pharmaceutically acceptable carrier. 28. A diagnostic

L L R T
NeSN@R RIS BRR e Fy 2k EP Bl S8R TR RpRgn bR A GRep vass

consi.stin radi ol abel , a fluorophore, a
KWYERROHGPHET TV THIBS (R0 o Nt and & etal i on.

| 17 . The antibody or fragment thereof of clgim 16, wherein said heavy chain has at
least 95% sequence identity to said amino acid sequence represented by SEQ ID NO:7.

18. The antibody or fragment thereof of claim 16, wherein said heavy chain has an-
amino acid sequence that is represented by SEQ ID NO:7.

19. The antibody or fragment thereof of claim 1, wherein said antibody comprises a
light chain that has at least 90% sequence identity to an amino acid sequence‘ represented by
SEQ ID NO:8:

DVLMTQTPLSLPVSLGDQASISCRSSQSIVHSNVNTYLEWYLQKPGQSPKLLIY
KVSNRFSGVPDRFSGSGSGTDFTLRISRVEAEDLGIYYCFQGSHVPPTFGGGTKLEIKR
(SEQID NO:8).

20. The antibody or fragment thereof of claim 19, wherein said light chain has at least

95% sequence identity to said amino acid sequence represented by SEQ ID NO:8.
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30. A nethod for inhibiting the growth of a cancer
cell conprising contacting said cell with the

anti body or antibody fragnent of claim1. 31. A nethod
for treating a patient having a cancer conprising

adm nistering to said patient an effective amount of

t d I f cla

et SRy ARl e ST WP Rhdh it feifonn g

sai. g patient a thera tig en 33. The net hod of
mm%ﬁ%gﬁ?‘ﬂlfn%é‘@%}sﬁ%r%ﬁe& hj?é( g@l\ioégent is a cytotoxic

agent. 34. A nethod for treating a patient having a

c XAc dhecatibpdy Phipgaunt Wieroé of plgim &, sethprisipge lighttchaim variable

ef fective amount of the conjugate of claim25. 35. The
regiomhaving agéqueneateientdd fodm cheagroup tonsidtimpaifn sai d cancer

is a cancer selected fromthe group consisting of

brea M TQTPER LPVSLGDPS@]‘S@RS SQ‘S@VHSNWFYLEWLQKPGQSPRLLIY
ost eosarcomm, cervical cancer, prostate cancer, [ung

KVS@%%%W%F?A@%Wﬁ%@ﬁ&%%@?ﬁﬁﬁﬁmm
vin cancer, said method conprising:
R(SEC{S mgg'%érl ng to sai d subject the diagnostic reagent
of claim28; and detecting the distribution of said
r AYEMTQF PhShPE’&LGDEASJI%@ﬁSSQﬁIVH$Né/Iﬁ’éYLBWS6&QKPGQSPKLLIY
di agnosi s of claim 36, wherein said cancer is a cancer
KVSNBFSG\RDRFE G GAGT DF TILRI SRV BARDLGT YQTCRY @SS VPEIRGEGTKLEIK
col on cancer, ovarian carci nonma, O0Steosarcona,

R(gmmlmglloyancer prostate cancer, |ung cancer,
synovi al carci noma and pancreatl C cancer. 38 An

R S L DA R N PR v P YL OKp GSPRLLIY
ws&%%%%%@ép%?ﬁ%B%ﬁ?%ﬁ?ﬁéﬁ&ﬁ@éhﬂpﬁ%@&ﬁ@éﬁ%&ﬁﬂmm

uence selected fromthe group consisting of SEQ ID
R(SE@%D NOt1d);ndSywwH (SEQ I D NO 1),  El NPSNGRTNYNEKFKR
(SEQ I D NQO 2),
DVV’MTQTPLSLPVSLGDPASISCRSSQSIVHSNVNTYLEWYLQKPGQSPKLLIY

KVSNRFSGVPDRFSGSGAGTDFTLRISRVEAEDLGIYYCF QGSHVPPTF GGGTKLEIK
R (SEQ ID NO:12).

23. The antibody or fragment thereof of claim 1, .comprising a heavy chain variable
region having a scquence represented by SEQ ID NO:13:

QVQLVQSGAEVVKPGASVKLSCKASGYTFTSY WMHWVKQRPGQGLEWIGEI
NPSNGRTNYNQKFQGKATLTVDKSSSTAYMQLSSLTSEDSAVYYFARGRPDYYGSS
KWYFDVW GQGTTVTVSS. (SEQ ID NO:13).

24. A pharmaceutical composition comprising the antibody or antibody fragment of

claim 1 and a pharmaceutically acceptable carrier.
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GRPDYYGSSKWYFDV (SEQ I D NO 3), RSSQSI VHSNVNTYLE ( SEQ
ID NO 4), KVSNRFS (SEQ ID NO 5), FQGSHVPPT (SEQ I D
NO 6),  QVQLQUSGAELVKPGASVKLSCKASGYTFTS KQRPGOGLE

W GEI NPSNGRTNYNEKFKRKATLTVDKS S STAYMQLS SLTSEDSAVY
YFARGRPDYYGSSKWFDVW\GAGTTVTVSS (SEQ | D NO 7),

%L%%‘?SB@E;VS LGD SI S i SQSI @S@%@%{}Eﬂ_&%@:@ﬁed oa

H VPPTFGGGTKLEI KR (SEQ | DNO 8); 24g (b) introducing
cytotoxie aBerdst one nucl eoti de nutati on, del etion or
insertion into said DNA such that t he anon acid

) URtiecednuigatead fat] adunt 2 3) adigred sad tifotdyc dgcagizarleceddtsia dhe
by said DNA is changed; (c) expressing said anti body

group %nsﬂﬁh% B E Y t-RAGBIE & shfdll &E% %%ib&ﬂosﬁtaﬂoﬁx BXe$665thnd a CC-

ant i body or anti body fragme for said

ovenent "whereby said inproved anti body or
1065 ah%ﬁ{&%body fragnent is prepared. 39. The anti body or
a ¢l.ai m 38, rein, said
D1 B Rt Eb ook S hmaprisind (o CymBRe paslafm 26 and 2
receptor. 40. The antibody or antibody fragment of
pharmagexticalbgacoopiablecamieni d at | east one nucl eoti de
nmut ati on, deletion or insertion is made by a nethod .
S8, eAtdéa:gnbﬁb:mehgmt gomapising tieostposigioafof claim 24 or claim 27,
ol i gonucl eoti de- nedi ated site-directed nutagenesis,

whereﬁasiﬁﬁédtﬁo&ylblaﬂﬂi%&y $ragRlehOk jableleane PCR, DNA shuffling
and the use of mutator-strains of E. coli. 41. A

%é’i&%ﬁ{h@%{dsﬁﬁ )r/@ag%gc%g?i’m%ﬁ af i fgﬁ?%ﬁd gﬁ)elaig%ilggtgg ﬁoRJ the group
consrsEJﬁg %g% ¢l ecg gﬁi , a chr ngho% a%eu%{%m%g%lagt a%fd a metal ion.

'30. A method for mh1b1t_1ng the growth of a cancer cell comprising contacting said
cell with th'he antibody or antibody fragment of claim 1.

31. A method for treating a patient having a cancer comprising admjnistering to said
patient an effective amount of the antibody or antibody fragment of clai;n 1.

32. The method of claim 31 further compriéing administering to said patient a
therapeutic agent.

33. The method of claim 32 wherein said therapeutic agent is a cyt;)toxic agent.

34, A method for ueaﬁng a patient having a cancer comprising administering to said
patient an effective amount of the conjugate of claim 25,

35. The method of treatment of claim 31, wherein said cancer is a cancer selected
from the group consisting of breast cancer, colon cancer, ovarian carcinoma, osteosarcoma,

cervical cancer, prostate cancer, lung cancer, synovial carcinoma and pancreatic cancer.
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fragnent of any one of clainms 6, 7, 8 or 11. 43. A
vector conprising the polynucleotide of claim4l. 44.
A vector conprising the pol ynucl eotide of claim42.
45. The vector of claim43, wherein said vector is an
expression vector capable of expressing said antibody
or tibody fragnent. 46, K The vectqQr qf claim 44,
wr & et For diansmies Shlcsk IR b haBs f SRNGSpAk] Belpd
expressing said antibody or antibody fragnent. 47. A
compmgmigae anti body EML64, produced by hybridoma cell line
on deposit with the Anerican Type Culture Coll ection
asaddgoitesingto Midloaljed? The didpiostio teagbntaiclape2FHiandi ng
24h fragnent thereof that specifically binds to an

| Nfelddrifs i BistaibMb i of A8t Rbpdnt WREEPLRA suﬁf‘?@'ﬁr ein said

S .
- anti body or fragnent Is an-antagoni st of said receptor

oo e B Pcifngs OF KR 3R P Pt e elcted

anti body derjved fromEM 64, produced by hybridoma '
from Kl gropp RRNSATINGOF bEGast GAPEE, eqlen PEREET, OHATIAN GRECITpNE, Steosarcoma,
Col | ection as Accession Nunber PTA-4457, or an
cervieglicangss,-iypsialie egnder dynge cancel eyreoial thminospeaidfpanatdatic cancer.
binds to an insulin-like growh factor-I receptor,

WBS: eAn iripriosted Biiti B o efitifodg i fient thabdpedificallP Bingk t®hn insulin-
said receptor and is substantially devoid of agoni st

like SMﬁ/faE%r-tIQ%Fféa;, LebrEgggpt or. 49. The antibody or
ragnment of crfaim 1, wherein said IG-1R is human

' | IR A bri don cell |line ;EML on deposit
(&) pigTing RN e Blnt 4 BERAT B froeoh B et ComRrG e A Mastone
Accessi on Nunmber PTA-4457. 51. A_nethod faor inducing '
sequenss Selsetpd fom the ey aRsinEeiREQ FADHePilg 85ai d cel |
with the antibody or antibody fragnent of claim1l.
52. A neYWOdHf or i nduci ng a3 B2NO:Ly a cel |
conprising contacting said cell with the antibody or
ant i bodFINFSNGREINYMNEKFERM GEQ B3NA2)yet hod f or
i nduci ng apoptosis in a cell conprising contacting
sai d CeGRPHMYGSSRWYFDV  (SEQ ID NO:3),
RSSQSIVHSNVNTYLE (SEQ ID NO:4),
KVSNRES (SEQ ID NO:5),
FQGSHVPPT (SEQ ID NO:6),
QVQLQQSGAELVKPGASVKLSCKASGYTFTSYWMHWVKQRPGQGLE
WIGEINPSNGRTNYNEKFKRKATLTVDKSSSTAYMQLSSLTSEDSAVY
YFARGRPDYYGS SKWYFDVWGAGTTVTVSS (SEQ ID NO:7),
DVLMTQTPLSLPVSLGDQASISCRSSQSIVHSNVNTYLEWYLQKPGQSP
KLLIYKVSNRFSGVPDRFSGSGSGTDFTLRISRVEAEDLGIYYCFQGSH )

VPPTFGGGTKLEIKR (SEQ ID NO:8);
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anti body or antibody fragnent of claim48. 54. The
nmet hod according to claimb51, 52 or 53, wherein said
cell is a cancer cell. 55. The anti body or anti body
fragment according to claim1l1, wherein the antibody
or anti body fragnent has at |east one property

sel ected fromthe group consisting of: a) inhibits

(b) inerbéudimg atfleast bhomaéotile riitatidd, vblehon br BeEita h8GaRADNA such that
IGF-IR;, b) inhibits tum)r cell growth in the presence

the £hins QEMNBehYerdb off 8218 tan RS d(}ﬂé t
RhinB QiR R¥eritl of B im it %ipd %ﬁdg%ﬁcdqggn |SE‘gq%]?IAIS
'chS%@E to 1G—-1R e)|nh|b|tsIGFI medi at ed cel |
ghal i ng byIGFtR inhibits IG--1 induced IG-1R

hor hbltsIGFI and I GF-11 nedi at ed
© %@Fqs %/}P gﬁ%fiys%)rﬂflg%‘#y bpgmentinds to African green
m)nkey | GF-I R, but not to nouse, Chinese hanster or
(d) sseremingarid) qeprassetl 40tiboAn phintibody fiagaieniofor edid iRFrokemAlt whereby
and Erk 1/2. 56. The antibody or antibody fr.agnent

saiddmprveil ngtibaiycdraintibsdy fragiee isprepeed.ant i body or
anti body fragment thereof has all of said properties.

57 35 Thee abiib Qe a‘ﬁﬁb@tﬂl et %nt gf agie "% @ggrgﬁld%@{&ériﬁémement is an

claim1, wheréin said or ant
I Gﬂ 4, IgM 1gAl -2, 1gD or
mcr{aassgélf%ﬁw?ﬁ%g&%grfvggj therefrgm o? b) a )
cha| nt| bog ngl e-chai n anti pody
anﬁ sfafanﬁ @Sﬁ@mm aSFWb@eynzsafdraagmmqe

or afra ment cont ai ni ng at |least three CDRs. 58.

nuclgetide Ié%tlafq lowsiefationion dnserioniiemads bye awetlisepldotedcirarn Iﬁw@oup
59. A host cell conpri-sing the vector according to

congistaigrof éligorfittleatideret diteiediitediidcrg nﬁﬁta?éﬁdsrs' Sasset® mutaaenesm error-
anti body or antibody fragnent thereo

prone PCR, DNA shufﬂl_ng and the use of mutator-strains of E. coli.

41. | A polynucleotide encoding the antibody or antiquy fragment of any one of
claims 6,7, 8 or 11. _

42. A polynucleotide encoding a light or he;vy chain of the antibody or antibody
fragment of any one of claims 6, 7, 8 or 11.

~43. A vector comprising the polynucleotide of claim 41.

44. A vector cémprisjng the polynucleotide of claim 42.

45. The vector of claim 43, wherein said vector is an expression vector capable of
expressing said antibody or antibody fragment.

46. The vector of Iclaim 44, wherein said vector is an expression vector capable of
expressing said antibody or antibody fragment.

47. A murine antibody EM164, produced by hybridoma cell line on deposit with the

American Type Culture Collection as Accession Number PTA-4457, or an epitope-binding
24h



conprising culturing the host cell according to claim

58 under conditions suitable for expressing said

anti -1 G- 1R anti body or antibody fragnment thereof and

collecting said anti- I1G~1R anti body or anti body

fragment thereof. 61. A nethod of making an

anti-1 G~ 1R anti body or anti body fragnent thereof,
fragoemticséafyhaubiaifitay b Hagh sﬁﬁil-'ﬂ%%?&l&ﬂ' B8P r G A Wherein

59 under conditions suitab “expressi ng

ne ereof and
Sﬂ‘m“"“h?%n‘g%%%‘ o et t?%aﬁ‘%l g%??‘%cga@g 5P i seip el dovoid of
EXAMPLES [ 911 Th t
ool R OB R UrERE (o the Tol lowi ng. exanpl es,
which are illustrative only, and are not |ntended to

limg, Qnfahe; 6
A|nt|boj:1IL3|gl [92] gi&E%féﬁ?[g%ngrs Od>¥arrp| &_EfuﬁleE%ﬁ%lpé uceéby

I cture. an ence a
hyoBbAER v B 4954 ?t‘%’%%%fé%%?ﬁandfw% Yalcation podaepssion
th its, binding properties 24k and neans for

N“‘%“ﬁgfeﬂ}g"‘é&n%ﬁn CRUPRE RGNS disement therenf et stieaidicylly binds & an
. i.s provided a full and conplete disclosure of an
ms‘%ﬁﬁﬁcﬁ%’&? factoz-Lireeptor, wizerein daidtentipodypar fedgneent issdhCAhtagonist of

that one of ordinary skill in the inmmunol ogi cal arts
saidgsedpdorzmdab bubstantiplipdavoR] fdgdn@nidif ?Yo%érﬁ@ﬁ’iﬁtre

exper| msnt ation. A Generation of An

Hybridoma [93] A cell line
exp es ﬁ\n‘%ﬁa ﬁg@mqnt pEelaist brwhgrein saldMGFSIRM s ineti I GF-IR,

was used for inmunization as it expressed a high

nurgger  of phFadms @é‘lglfﬁfe%ﬁlgli éﬁ) de oﬁlrt 85%:1%" @Aln-xrqt}g:@g ygﬁéL 3 Culture

mutation in the cytoplasmc

Colfeﬁﬁ&ﬂ %seﬂcéeg%gr?ﬁlglfrg) ﬁ%fgn%zr rm} IngI and ~anti-apoptotic

gnal'1'ng, bi ndi ng and
IGFI-stlmJIated mtogenic signaling (O Connor, R et

| .51. ¥Ohéth ]
o > Gon oo irdabihg i egg‘éélé’ﬁg%zf%%%sa‘d &l with the
anﬁmgyagriagﬂbg&}gﬁ%e&%@a% se af fect anti body generation

pt or

52. A method for inducing apoptosis in a cell comprising contacting said cell with the

antibody or antibody fragment of claim 47.

53. A method for inducing apoptosis in a cell comprising contacting said cell with the
antibody or antibody fragment of claim 48.

54. The mthOd accbrding tol claim 51, 52 or 53, wherein said cell is a cancer cell.

55.  The antibody or antibody fragment according to claim 1, wherein the antibody
or antibody fragment has at least one property selected from the group consisting of:

a) inhibits cellular function of a IGF-IR without activating said IGF-IR;

b) inhibits tumor cell growth in the presence of serum by at least 80%;

¢)  binds to IGF-IR with a Kp of 0.3 x 10° M or less;
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because the anti body of this exanple bound to the
extracel lular domain of 1G--1 receptor, which was
identical for both the Y125 IF nmutant and the wild
type receptor. [94] A cell line expressing human | G-I
receptor with a Y1251F nutation was generated from
3T3-like cells of a | GF-1-receptor-deficient nouse by
t r dnsf enthilnts bindihg MEHLFtdGHIR; human | G- 1 -recept or
gene together with a puronycin-resistance gene, and

sel affige IGIST MediRdn QBN all IGrgRgran ni) and
byaFACS sorting for high IGE'\El r?ge}?eptor 9expr essi on

2oso” HI I L IGE R ’5‘30%8110 ‘ﬁ%h | evel of
i 8h coefﬁﬁ‘%%s?iﬁﬁeﬁ%@ﬁ vt FeLaRRBEEEHALLS "0 2

m crogram ., ‘was toxic to m)st of the cells.
SubYi vi Bipds é@ﬁ&w@@m@rﬂmﬂ@g TR @ut B3 de mese ((hjngsg hamster or
hi gh level of 1G=1 receptor expression were
goatdE&Fel®; edd [ 95] CAF1/J fenmmle mice, 6 nonths old, were
i mmuni zed intraperitoneally on day 0 with
Y1251F- mibitd adtivaidir dfERSLL, /86 @RE Brk DREr expr essi ng
cell s (5x105 cells, suspended in 0.2 25 nL PBS). The

AP T el M e
7,..9 l

sl A e R LRt P e Sol sen- vas
T e e Gt

serumfree RPM nedi um cont aining penicillin and

antiadyeqstaptiyedng@rmy is The spl een cel | pellet was
resuspended in 10 nL of 0.83% (wWv) amonium chl oride
solayit i orniimnwaioglobfilin (IFPGHI4) IgMNTgAle2 tTgDl orIeE indvdedudd] or is
bl ood cells, and was then washed with serumfree

deriV&Omereroal M- Spl een cell's (1.2x103 ) were pooled with
rryel oma célls (4x10) fromthe non-secreting nouse

5°”Hé§%%%‘8§5’.ﬁ a8 0 in e o Ahfo Y BN oD P
Ser Pt FE LR &gfnes’éwni vkt ag BB CERE no!

reS| dual gedl u The .tu was Iacded in_a beaker of
watdr ath e,s‘écg GOmIpESing t fvector according to claim 43.

59.  Ahost cell comprising the vector according to claim 44.

60. A method of making an anti-IGF-IR antibody or antibody fragment thereof,
comprising culturing the ho‘st' cell according to claim 58 under conditions suitable for
expressing said anti-IGF-IR antibody or antibody fragment thereof and collecting said anti-
IGF-IR antibody or antibody fragment thereof.

61. A method of making an anti-IGF-IR antibody or antibody fragment thereof,

comprising culturing the host cell according to claim 59 under conditions suitable for
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pol yet hyl ene gl ycol solution (50% PEG (w v), average
nmol ecul ar wei ght 1500 in 75 nM HEPES, pH 8) was added
slowy at a drop rate of 0.5 niL/m nute while the tube
was gently shaken. After a wait of one mnute, 10 niL
of  SFM was added as follows: 1 nL over the first
mnute, 2 nL over the second mnute, and 7 nL over the

exprbdd lgdsafﬁ i PG‘{‘ 'ﬁi%&gﬁdg]t\%e aﬂjgb %@ffﬂ' I?ééﬂ 199390 O ¥ing said anti-

over- one m nu

1GF-Hopibo§i SPBRFERBar el onont ssuspanded 1

bovi ne serum (FBS), hypoxant hi ne/ anai nopterin/

thym di ne (HAT), penicillin, streptomycin, and 10%
EXAMPILE$oNi a cl oni ng suppl ement (HCS). Cells were seeded

into 96-well flat-bottomtissue <culture plates at

2x105 spleen cells in 200 L per well. After 5-7 days,
[91] 108he inverian inabw deearibed by neforsdcatodhe &londrgexaimes, Which are

growt h medi um suppl enented wi th hypoxant hi ne/t hym di ne
illustrafive onlygadd 586 deBiiterilaé tayEme ithd presemdinvientien. used f or

i mruni zati on and hybri donma production were as

descri bed by J. Langone and H Vunakis (Eds., Methods

EXANMPERZY:"M @ e E¥P1 64 A@bod6 " | mmunocheni cal
echni ques, Part ; 6; Academ c Press, Florida)
and E. Harlow and D. Lane ("Antibodies: A Laboratory
[92] vaButhis firstigesplatietompigte primantasring apidsiuense aadeDINA sequence
New York). O her techniques of imunization and :
of a Inyhing dutitwdprodcheqiresent inaentiahsodiselosedetbgethaswitli és biiding propert1es
known to those of skill in the art. [97] Culture ]
supernatants from hybri doma cl ones were screened for
binding to purified human |G- 1 receptor by ELI SA
for specific binding to cells overexpressing human
IGF-1 receptor, and for a lack of binding to cells
over expressi ng human insulin receptor by ELISA and
FACS screening as described bel ow. O ones exhibiting
hi gher binding affinity to cells overexpressing human
| GF-1 receptor than to cells overexpressing hunan
insulin receptor were expanded and subcl oned. The
cul ture supernatants of the-subclones were further
screened by the above binding assays. By this
procedure, subclone 3F1-C8-D7 (EML64) was sel ected,
and the heavy and |ight chain genes were cloned and
sequenced as described below. [98] Human | G-I
receptor was isolated for use in the screening of
" supernatants from
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hybri doma clones for their binding to I G--1 receptor
by the nethod below. Biotinylated |G~ | was prepared
by nodification of reconbinant | G- 1 using

bi oti nyl ati ng reagents such as sul fo-NHS-LC biotin,
sul f o- NHS- SS-bi otin, or NHS-PEO4-biotin. Biotinylated
| G~-1 was absorbed on streptavidi n-agarose beads and

anﬁ %?elﬂg%‘f‘qta‘é%é@agl%nfﬁg%ﬁlﬁgﬁn(\t? | 3 }%%t&rdmﬁ\i tﬁggggggsﬁg/?deed a full and
washed. and el d h Quf f 2
cofiplee Siqociet oF GErioOR A B IyeEon 230 opreg Aioryuct bat ome of

l ucoside. Eluted I1G-1 receptor was di al yzed agai nst
oripg y4id! indbe Bwangolegicslartsyuauld be ahle tepepaacadumtibpdy without undue
reduci ng condi tions, which showed al pha and beta chain
experdentation. G--1 receptor of nol ecul ar wei ghts about
135 kDa and 95 kDa, respectively. [99] To check for
t he bi nding of hybridoma supernatants to purified

Al G- d;e:reesﬁm 6f AnBIGE-DRREROr Mﬁoadnsmtlab&y G_}/bndoma

tech) was coated with a purified human
[9§]ec elbgq;} 111@73@5%[:15 h{]ﬁ\&gég eId'eq:ﬂatqﬂ vgg[tlyg Ysl,'?ﬂ]%mutatlon was used for
urea/octyl -(3-glucoside elution of affinity purified
imgamidagpn aglitleypressed a high mivhigiHESIGEIreceptors (3+]|08p5r qel0The Y1251F-
L; 4C, overnight). The wells were blocked wth 200 L

muthtidd maké egoplasthiedofhth oIMH-I BSéptonrefBfed in Mufd $ftransformation and
containing 50 mm Tris, 150 mMM NaCd, pH 7.5, and 0.1%

t o
g8 kiSRRG (ORI OUER L Ao g

i %[mggt?@gm}or R'G iL219’Fb7 W83 s Widih 178 Ta NG, M0, 1905,
Bz%&%&;fm ,Bzgl‘%ggg g&%%g%ﬁg E%dt%?og\ydéggﬁ{c? fxadl Sg&%%rgt)x(tib% ?/?generanon

buffer; Jackson | mmunoResearch Laboratories),

beeasis Breantibgdypidhis sxampledonad tq e cxgrselulandwnpined IGF-I receptor,
substrate at 405 nm (0.5 ng/nL ABTS, 0.03% H202 in

wiich whs identical Eoriboftf the Y 1361 B n@iant Typihearildtypareceptor.
supernatant froma 3F1 hybridoma subclone yielded a

[94] gratelbinedxpudssihg Audbs 0GB Re@ptoR iviith AW 126 IF ButitiBn fas generated
devel opment, in contrast to values of 0.0 obtained

frJn@ BT?JHRE EQRt &mtIGFtlr ﬁeépi&neeﬁaéh@ W06y QQIY@edﬁloﬁ Régh Y1251F-mutant
nera conditions for this ELISA were simlar to the

b P e gl heh A bR Hopor P B oWl st
’é“ﬁr%%%fgl%ﬁé? @o? %Eéég%.ﬂ@(fa@ bfré{ @%EA Nh *lia%lrfm hl%ﬁﬁ%"@r{l Rcsptor

expression (Miura, M. et al,, 1995, J. Biol. Chem., 270, 22639-22644). A cell line having a
high level of IGF-I receptor expression was further selected using a high concentration of
puromycin such as 25 microgram/mL, which was toxic to most of the cells. Surviving
colonies were picked and those displaying a high level of IGF-I receptor expression were
selected.

[95] CAF1/J female mice, 6 months old, were immunized intraperitoneally on day 0 with

Y125 1F-mutant-human-IGF-I-receptor-overexpressing cells (5x10° cells, suspended in 0.2
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conditions can also be used. [100] Screening of

hybri doma supernatants for specific binding to human
| GF-1 receptor and not to human insulin receptor was
performed using ELISA on cell |ines that

over expressed hunman Y1251F-1G--| receptor and on cell

[in t hat .over expressed human uI in recep
mk Eﬁes +Thﬁe@%¥5éveg@%e?%qdewth P&w@m SpspEngien P%iloglpwrsc%yﬂ, 1x10°
recept or oéefl cient mce. The |G- | receptor
cei,ataydpRebEicals; cleyt ¢, Biad, dndsiy, ilwlo emépt@n day 26, a mouse was
overexpressing cells were separately harvested from
satrifcademdutstspleen fdrasked. by qui ck trypsin/ EDTA treat nent,
suspended in growth medi um cont ai ni ng 10% FBS,

96e! | Bl \&a‘(%%éﬁd%éé?ﬂwoaﬂ?&té’@ﬁﬁk%@hdcﬂ tBQbB@?A sihBR cell

washed cells O L of about 3 X 106 cel wefe

sugﬁ%?%ﬁx i n%shgiygh%ﬁsgﬂgl\/ﬁl nﬁ{d‘ﬁgﬁ&?ﬁt&%@\% pel'x].ucﬂhn and

stiegformy h&ﬁ\%T c3PUAE Sl PR BV SeIaRBCPY DAL O-50% ()

renove PBS and vvas then dried overnight at 37*C. The
anypepigmyeireridsl sodutioa iniveatersor Hymin on BeA0 bise theiredibload pells, and was
for I h at 3 7*C and were then washed gently with PB
th& wAbliequaitlssepimtfree mediemr(SFRDt Spleennelisy({h 2xdoHavat poeled with
(100 ~iL; diluted in blocking buffer) were then added

myaomlcbﬁs Qﬁtmo@fwnm ¢hel fohi=decreBAL RloRke @y&&@mr&emﬁe PYX63Ag8.653
s and to wel contalnlng insulin

<A1z<z@ &W@*ﬁ%&%ﬁ?ﬁ? CHIS60 5 M P8 e mone
13%8 Jpe P]r'nl (Shfgﬁs E‘ﬁf: s;@qgéat%mtwag 68?0@%@3 gl}e %ﬁllsmellet resuspended in the

per oxi dase conjuygate (10Q i 8 ~tgh bl ocki ng
feﬁié?ﬁ‘lé??dl%r The uber gy Rlgged in wem REwatsh e 3t7h§ ARbi rdrh Gt
was detected using an ABTS/ H202 substrate. A typical
padygileylaee glyeolfsphition (3¥h PRMI(W/uhmecsgbriolpelanyeight 1500 in 75 mM
i ncubation with cells overexpressing |G~ 1 receptor
HEPES gsid 8awas gdurd stdwlf 288 dedpratefidcemilmhingtentilei the fibe was gently
m n of devel opnent, in contrast to a value of 0.22

shakR&P " RASCEWINbE SndRiitd) &g niD 8NSFMGHA I 2o l1BwE:Ell In$. over the first
over expressing human insulin receptor [1011 The

m@( B 'Zqﬁﬁ%vgiﬁcﬁi/gécgm ngﬁutb n&nﬁgfﬁ el it td '&ﬁcﬁﬂérai 0 mL was

osci ences accor lng t o manuf act urer
thﬁ:? e(?cg ! o%lly %Qg’f or}eomglu%)ev ! (Sie?ls I%Jerré: fpél?e?chbl\gl[Lc?eﬁm%ﬂéatlo \¥/'ashed in SFM

and resuspended in RPMI-1640 growth medium supplemented with 5% fetal bovine serum

(@)

(FBS), hypoxanthine/aminopterin/ thymidine (HAT), penicillin, streptomycin, and 10%
hybridoma cloning supplement (HCS). Cells were seeded into 96-well flat-bottom tissue
culture plates at 2x10° spleen cells in 200 pL per well. After 5-7 days, 100 pL per well were
removed and replaced with growth medium supplemented with hypoxanthine/thymidine (HT)
and 5% FBS. The general conditions used for immunization and hybridoma production were

as described by J. Langone and H. Vunakis (Eds., Methods in Enzymology, Vol. 121,
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about 0.5-1 ng/nL anti body was obtained in the

harvest ed supernatants fromthe Integra flasks, based

on quantitation by ELISA and by SDS-PAGE/ Coonassi e

bl ue staining using antibody standards. The anti body

was purified by affinity chromatography on Protein A-

agar ose bead col um under standard purification :

"TER B%ﬂeﬁﬁéal qfegf’nﬂgﬁgsnPﬁ'Pg”\@§¥;%ﬁgé% P?'%.%r E @BMSI%P% E. Harlow and D.

buf fer, pH 8. ontai ni Ag

| Ut} in 1 cet.d.C acj Q. i,on contai ni ng,
Lueg " biifhoidhes SRR T dopBTiclt Shnas B disbpistary ross,
vveég rgegﬂal ized with cold-1 MK2B:; P04 sol ution and
N Ajople $ther tpmigyes a¥ mmypigationnd dybridemna pefduetien can also be used,
anti body was determ ned by neasuring absorbance at 280
asrie webk knewn foothossoefiskilbingh¢ art. 1.4 29 ng-1 nlL cnv 1).
The purified anti body sanple was anal yzed by SDS- PAGE

[9Gh d eCultueelsiplenitantOfieth thiyBriSoraa 8] obEXONES $ti@e M dUBr binding to purified
stai ning, which indicated only heavy and Iight chain

h'(@]@d}] i L i 1 1o -
res gggﬂf r\(/3 g%)?(?ﬂ I he iSZx c’)tf %EH%P 5? ng%utr@ :Eglll%gv%%%sggﬁf 1%/\%%% IGF-1
14 ight chajn. B. Bindi N

rel b, H1d.8; S BRRDS bl B AR Do oty e B man nseLip agseptas by ELISA
i.ndi of .the purified EM 164 antibody was ., _. .

o i By 1o50eos DSOSl el eR R g bisdipe ARty to ell
(FACS) .using cells overexpressing human | G--1 receptor

OVEFRIPERySLE hygan KFF-S rechptor than te rgls@ysredpiessing himsw insnlin receptor
receptor (Figure 1). hicubation of EM “164 anti body

w¢rs @xidddedadd subclbfed. ~The adfuee fupeSatatifsiofthd subbhed wBR urther
in Dul becco's MEM nediunm) was performed using cells

SCEREEHPIB 85bvedbihdhg hssh §€ SBY Bis SOckduRd Bi,%cq@ﬂe: §FIQC!)%-|]?7n (EM164) was

overexpressing i nsulin receptor (2x 105 cells/ni

M 0By O ol e LIS LD it o
S S Che e 1.
byabidph Glapés fob MRG iRibesck T Tesspior by the method below, Biounglated IGF-
I'was prepared by modification of recombinant IGF-I using biotinylating reagents such as
sulfo-NHS-LC-biotin, sulfo-NHS-SS-biotin, or NHS-PEQ,-biotin. Biotinylated IGF-I was
absorbed on stréptavidin-agarose beads and incubated with lysate from cells that
overexpressed human wild type or Y1251F mutant IGFR. The beads were washed and eluted
with a buffer containing 2 to 4 M urea and detergent such as triton X-100 or octyl-p-
glucoside. Eluted IGF-1receptor was dialyzed against PBS and was analyzed for purity by
SDS-PAGE under reducing conditions, which showed alpha and beta chain bands of IGF-I
receptor of molecular weights about 135 kDa and 95 kDa, respectively.

[99] To check for the binding of hybridoma supematants to purified IGF-I receptor, an

Immuloﬁ-4HB ELISA plate (Dynatech) was coated with a purified human IGF-I receptor
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resuspended in 120 ~LL of 1 % formal dehyde solution in
PBS. The plate was anal yzed using a FACSCali bur
reader (BD Biosciences). [103] A strong fluorescence
shift was obtai ned upon incubation of 1G--1 receptor
overexpressing cells with EM 164 anti body, in contrast
to an insignificant shift upon incubation of insulin

sa.ﬁ aréMS) @XRERTRIn dreaRict kTt bosiM el fbnTtargelypurified sample
g@??l) \/\hl?ﬁ denDnstra}?—g\gbthat the EM 164 W ple)

RS SR OO BT o v

cont roI anti bodi es, anti-IG--1 receptor antibody IH7
witlsap@ nL ofbieekizigdhudten () wgimL Eﬂdx iarkBS-Trwdfer eontainimgtOrmM Tris,
al pha anti body (BD Pharm ngen Laboratories), vyielded

150l ivt HaCE pEk7. S hdrfdt (5 1 4 ae8en- DOt ihabatediviith uBkingtahtydrom hybridoma
over expr essed I G--1 receptor and insulin receptor,

ESSRES L2 (D0 by P0G Y B SOREFM TS 1 b,
r@eﬁ?@@g%ﬁ g P e e A Py hotgerogish g rovidegy (IRE)

. Biol. Gent., 272, 31163 31171), which showed that
coamgaﬁ’él(laﬁulb@@wgﬁmm blaskinghaifer;Gackson &vepnoRessarchA@boratories),

surface of human tunor cells. [104] The dissociation
followsd Bitwaklfed)antl Aetetion biing ABY SPH, (5\LB 4radd1iti 409 Gin V9.5 fag/mL ABTS,

human 1 G--1 receptor was determ ned by ELI SA
0.039:'1810,91 09f ML il 'bﬂﬁlﬂn% %ak?&‘ﬁy ﬁutpél%\é%@from a 3F1 hybridoma
concentrations wth eit l'y“coated

f f
EEIRYBlse %F%%%%MWW%%%Mm
I d | G-I
capfiat tta%ra@q 0. P RS el 03 St st R s clones.
| GF-1 receptor overexpressing cells usin

Gerolrenditionsifor ghis HLAS A swgesimilaptodthe standasd B8 Aconditions for
Bi osci ences), which was affinity purified using an

argibbdy biHing mdcdemction bedacbeai by Briarloedand Dniodiel (I"Fedg dmtibodies:
NHS- agar ose beads and was eluted with 2-4 Murea in

Aljlabbertorg Mdnah1" 1epINCADSSHEEM 81861 Ladehtori P&b&sZNQWIYbrk), which
PBS. [ 105] The' Kd determination for the bindi ng of

coniitRds amt élp@gyuggdt h biotinylated 1GF-1 receptor was

carried out by coating I mulon-2HB plates with 100 L
(8015 il E RO B el B PSS pHined) rih R 16 recepor
and not to human insulin receptor was performed using ELISA on cell lines that
overexpressed human Y1251F-IGF-I receptor and on cell lines that overexpressed human
insulin receptor. Both cell lines were generated from 3T3-like cells of IGF-I receptor
deficient mice. The IGF-I receptor overexpressing cells and insulin receptor overexpressing
cells were separately harvested from tissue culture flasks by quick trypsin/EDTA treatment,
suspended in growth medium containing 10% FBS, pelleted by centrifugation, and washed

with PBS. The washed cells (100 pL of about 1-3 x 10° cells/mL) were added to wells of an

Immulon-2HB plate coated with phytohemagglutinin (100 pL of 20 pg/mL PHA),
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4C overni ght. The streptavidin-coated wells were

bl ocked with 200 L of bl ocking buffer (10 ng/nL BSA
in TBS-T buffer), washed with TBS-T buffer and

i ncubated with biotinylated IG--1 receptor (10 to 100
ng) for 4 h at anbient tenperature. The wells
containing indirectly captured biotinylated | G-I

o ERR 1 R R R 20BN Tt B XA ot

(5.1x10"13 Mto 200 nl\/p for 2 h at anbient
fliclted ngp eanadvieRB Sumel] wes Beh BEBd bhiaat £
The wells were next washed wth TBngeE%\fgglzs\gérg%%d(edwnh5
' i ncubated with goat-anti-nouse-|gG+HL-anti body-
mg/inbrB®A aclutibn rePBS ifotalske ac3TCugd ineerd 108 washdd- enf¥y FhhiPBS,
bl ocki ng buffer), followed by 31 washes and det ecti on
Al usj ng ABTSI H202 substrate at 405 nm The val ue of Kd
16l of &1 YRPEE iSO HYpridasas clpaes(deQ Weirdiluted ipibockingbufrer)
bi ndlgcg [1061 A simlar binding titration was carried
weretlen addedgo wredls RattamirgitEi-rakp b 6eexmadsingaslls and to wells
prepared by papain digestion of the anti body as
contdiefiy indiich 16yepor-dweid@vesaing cBlis addaide (nch’ﬁét&gat arnb1ent temperature

Anti bodi es: A Laboratory l\/anual ; 1999, Col pring
for 1HR" PRY whiRbRER!
o o bR Pied WiRa™S .WR%@%?v*ﬂéﬁ&éﬁﬂgn%&sse?yﬁd%c&ubody-

s s R lm ! P s

ant i bod¥ al so_bound the human 1 G--1 receptor very
by washgsiang thegniindingayag detaeted psiog 3n AR TS(H Q4 subitreds. cAttgpical
that the nononeric binding of the EM 164 anti body to

superi@iant fiogrepk bhyhvidonzd sibcloae yporsincuugion WiBEk!S @W@expressmg IGF-I
extrenely | ow val ue of dissociation constant for the

receftongliickigd afsi dnaFof 0.88 aRRIKNCOMnitsEMUGH 12 Rtih B vaeY@%Je’ﬁ? in contrast

part due to a very slow kff rate as verified b

to a PAEOHE. 2 BSHoRhnCE h&%lﬁmﬁ@@@ﬁo\fﬁ cxfb {u% wﬁg %Fl?snoqlggﬁxé@%mg

day washes of the antib oun ize

humgfﬁ‘x@i%{){ece t&109] EML64 anti body can be used f or
nopreci pi'tation of 1G--1 receptor,

[1 OIP;‘EEPP @b&%togf%xgﬁﬁgﬁgg?@ m&% egrngLllct))slclleancgsd Maryland),
according to manufacturer's specifications, to provide purified EM164 antibody. A yield of
about 0.5-1 mg/mL antibody was obtained in the harvested supernatants from the Integra
flasks, based .on quantitation by ELISA and by SDS-PAGE/Coomassie blue staining using
antibody standards. The antibody was purified by affinity chromatography on Protein A-
agarose bead column under standard purification conditions of loading and washing in 100

- mM Tris buffer, pH 8.9, containing 3 M NaCl, followed by elution in 100 mM acetic acid

solution containing 150 mM NaCl. The eluted fractions containing antibody were neutralized
with cold 2 M K,;HPO, solution and dialyzed in PBS at 4°C. The concentration of the

antibody was determined by measuring absorbance at 280 nm (extinction coefficient = 1.4
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7 cells with EM 164 anti body i nmobilized on protein
G agarose beads (Pierce Chem cal Conpany). A Wstern
bl ot of the EML64 anti body i munoprecipitate was
detected using a O rabbit polyclonal anti-IGF-I
receptor beta chain (GCterm nus) antibody (Santa Cruz
Bi ot echnol ogy) and a
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4
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a0 B0 2 B0 00 e aa e Thededips §f e puifi anbody was
t apout 220 IcDa. Simlar 32 imunoprecipitations

Ig&kwgﬁgamléﬂshﬁm-for other cell types to check.
speci es specificity of the binding of EML64 anti body,
whi ch al so_bound to | G=-1 receptor fromcos-7 cells
B.( Af Bieding chpreactenizationyof EM164 dntibody bind to | G|

c T3 ' , . (ghi nese

SR S e e N S
ant i body di d not detec -denatured human | G-- |

A ERSERS Fo AL SPHBN BAL SOPI G oGNS g - receptor
which indicated that it bound to a conformational

angd by gine celfs thak owpeexprrssrddumeninadintesentor|(BiRute e dapubation of EM
[ 1101 The bindi ng domai n of EML64 anti body was further

16d hatiluelyd50-1 60 nivBiin 0@ pLrcohCBA €8 buffkip{langmdl BSA in Dulbecco's MEM
construct, which conprised the cysteine rich domain

médi@nKREk Pt fdembd ﬁﬁq% Ldis SRmRbRssikg 85 Y ‘1‘?%89& %ﬁ@l\ﬂgg g)gl?s

with the 16-nmer-C-ternmrius” piece (res es /04-

o R A1 Ly AR B 01
469-703, . [ l, GF-

T Rl DRt SRR b Bt S ERES B e et

receptor (Modlina, L. et al., 2000, FEBS Letters, 467,
fligsing, fqltpvged bydnpuhatias with goat-enti-mipuse-Te6hentinpdpRITC cmmgate (100
274, 37251-37356). Thus, a truncated I G~-1 receptor
plallppa/meb &i RACSeffet)oh ivafor prie Piicedlls vepy pallettd, washsdgr
1-468 fused to the G termnus piece that is residues

rest3knddPinen@ (f1l 8eg %rﬂ%al%e)?g?é %ﬁtgﬁltl{al RS PR ﬁl%%&s}%&ly@ed using a

stable cell I'ine whic esse i's construct,
' al so,e ses the construct transiently in
Fmb%?%f@@e%oﬁﬂweg%T cells, was constructed. A
strong bi ndi ng of . i ) )
[103] A strong tluorescence shift was obtained upon incubation of IGF-I receptor

overexpressing cells with EM 164 antibody, in contrast to an insignificant shift upon
incubation of insulin receptor overexpressing cells with EM 164 antibody (Figure 1), which
demonstrated that the EM 164 antibody was selective in its binding to IGF-I receptor and did
not bind to insulin receptor. The control antibodies, anti-IGF-I receptor antibody 1H7 (Santa
Cruz Biotechnology) and anti-insulin receptor alpha antibody (BD Pharmingen Laboratories),
yielded fluorescence shifts upon incubations with cells that overexpressed IGF-I receptor and

insulin receptor, respectively (Figure 1). A strong fluorescence shift was also observed by
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El N1164 anti body to this truncated | G--1 receptor

al pha chain construct was observed. O the two

anti bodies tested, IR3 (Cal biochem) also bound to
this truncated al pha chain, but IH7 antibody (Santa
Cruz Biotechnol ogy) did not bind, which indicated that
the epitope of EM 164 anti body was clearly distinct

FACO b ak fEMh'B4%HHb d Hamah Hpd R4
| G- ?o m? 7 cel Ils&%fl%El\/l[lM antafgb%délga I%EJW Béils”%hﬁfh expressed

LR KRl e TG i e
th%%*@%%?ﬂ“ D phpas i %H%%@&u%&e@m%w% tygpor cells.

i ncubation with 50 ng/nL biotinylated IG--1 for

[184]ni Therdisspeiation gorssant EKydprthe hmuwa@ﬂmm«mt@c\dmvmh human IGF-I
serumfree nediumto renpve unbound biotin-1G~I, and

revapta wdsetetdrynsied bynEBXS AnfidratieREeS thebinding of antibaiyrit @gvelal%
NP-40 and proteaseé inhibitors, An |Inmulon-2HB ELI SA

cotaintivaswiaitRel didetily 8odTRdIFEE-1 fR2BS6H QFAhitPlrfAddIidg biotinylated
receptor beta chain anti body and was used to capture

F
I ﬁ;gg% B f@aﬁg&% AL Bt BB TGRT G &altmj " Blibfified 1GF-1
Rl asm ¢ n of .th

ref Waﬁevesvpir%%‘gbaﬁwuﬁ%lenm ‘-’Feerr%’%mva"ﬁi’?b'f 1 Fa g OB receptor
biotin-1G--1 to the extracel|ul ar domain of | G- 1

OVEEFBIFFURE Coltieisig PEOwtlaimiderbiotia reagsat(Pasree Niplepular Biosciences),
streptavi di n-horseradi sh peroxi dase conjugate, washed

whighiivas agiindty pubidied dieing @n@dtldej'ﬁrigemrcsfudrzao@asumropdy énmobilized on
The inhibition of G-I binding to MCF-7 cells by 5

NHS gigatos &l 4nd mtak lbhutyd wikths 2 elsidfantd @il Buffef| dauthintad NP210 detergent and
and was al nost equivalent to that of the ELI SA

dikgsdaan eyl obtai ned using a control |acking
biotin-1GF-1. [112] In addition to the assay descri bed

1 agﬂ ¥ efI@ r%&hgwpqgf %19 %uﬁ%ﬂeégéfwg%l %Ifluﬂo%’g vé'lthoblo{YCFlated IGF-1

denonstrated t h EI\/[L antib g]fsb effectjve
re%F&’“Hu“éaﬁl‘;&ﬂ%go MﬁaatP ‘fl?% at?s E’éﬁhi Oidsofjbrgindy

under phyS|oIog|caI condltlons for an antagonistic
strgptavidingn-darboagteudier GrHi0i odbpdivm earbgnase @50 meM sodimmuibicarbonate) at

endogenous physi ol ogi.cal |igand (such as I G--1 or

4°CGvemight. The sitérstati@in-doathdSillle sefEblbckaiseal 200/RE-of blocking buffer
cells grown in a 12-well plate were serum starved and

(16 M/t 08 @BSM blltfer), washed with TBS-T buffer and incubated with

biotinylated IGF-I receptor (10 to 100 ng) for 4 h at ambient temperature. The wells
containing indirectly captured biotinylated IGF-I receptor were then washed and incubated
with EM164 antibody in blocking buffer at several concentrations (5.1x10™3 M to 200 nM)
for 2 h at ambient temperature and were then incubated overnight at 4°C. The wells were
next washed with TBS-T buffer and incubated with goat-anti-mouse-IgGy:y ~antibody-

horseradish peroxidase conjugate (100 pL; 0.5 pg/mL in blocking buffer), followed by
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biotinylated 1G~1 (20-50 ng/nL) in serumfree nmedi um
at 37C (or at 4C) for 1 to 2 h. The <cells wth bound
biotinylated 1G-1 were then treated with EML64
anti body or a control antibody (10-100 g/nL) at 37C
(or at 4C) for 30 mn to 4 h. Cells were then washed
with PBS and |ysed in |ysis buffer containing 1%
wadlfes 40d detedifon Edih SABRSEH saprsubstehtoatt 4Bm. dERe valest BPoxEestimated
to capture the IGF-1 receptor fromthe |ysate and then

by dei-B6éartrBgrebii®f forhalsREbintifdp; | bound to the receptor
usi ng streptavidin-horseradi sh peroxi dase conj ugate.
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I n anot her experinent, NCI-H838 I ung cancer, cells were
Lapericsingetntingdias: 18y bebaratoryddanualt; HOA(eelf Suring Harbor Laboratory

i ncubated with EM 164 anti body at 4'C for 2 h, which
Prasg NAwW ¥drk)n a 80% decrease in the bound biotin-1G--1.

Therefore, EML64 anti body was highly effective at

[109] s Phebindghgoti eathawneyve foFthe binding 6£FINR 64 eRbody thBioGAylated human
woul d be inportant therapeutically for the antagonism

8 bl T ehspit oy ShEUEGeTIin0kl BchavPercc
5T o 55 e B R R0 B o, e
o T SR St P TSP b3 o v

beta chain anti body (Santa, Cruz Biotechnol ogy; sc-
strgme3) , al t hough a | onger incubation with EM 164
antibody at 3 77C for 2 hresulted ina 25 %
[108dwWiThizgutramiebnloof valieofl ddsodiati @capistant fof terteddingof B3R receptor by
i nhibition of binding of IG-1 and the displacenent
EMA64aHBEdy 4 ypENuetd adBEy 66 %, AlatdlRiRHifledb R sBInEbinding
in these short-term experinents may not be ‘expl ai ned
. [b - 0ys
sigfgs AR BRI By el SPER R obs ltmqtyized 1GF-
eqent inhibition of the binding of IG~1 to ICxF-1
rec 1éptor and for the displacenent of the pre-bound | GV

64 anti body is |ikel to be conpetition for
llO@%%ﬁ a@fl@ﬂ& C%mwa% fog AmpYuRgPIGFIPH RO IR T E g e eqpt s, &5
t hrough steric
demonstrat%d by incubation of detergent-solubilized lysate of the human breast cancer MCF-

7 cells with EM164 antibody immobilized on protein G-agarose beads (Pierce Chemical
Company). A Western blot of the EM164 aﬁtibody Immunoprecipitate was detected using a
rabbit polyclonal anti-IGF-I receptor beta chain (C-terminus) antibody (Santa Cruz
Biotechnology) and a goat—anti-rabbit-IgG-an_tibody—horserad.ish peroxidase conjugate,
followed by washes and enhanced chemiluminescence (ECL) detection. The Western blot of
EM164 immunoprecipitate from MCF-7 cells exhibited bands corresponding to the beta

chain of IGF-I receptor at about 95 kDa and the pro-IGF-I receptor at about 220 kDa. Similar
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occlusion or through allosteric effects. D. Inhibition
of 1G--1 receptor nediated cell signaling by EML64
anti body [1141 Treatnent of breast cancer MCF-7 cells
and osteosarcoma Sa0S-2 cells with EML64 anti body

al nrost conpletely inhibited intracellular |G-I
receptor signaling, as shown by the O inhibition of
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hagstery @1 goahfibiobiasy calls (gaad): (rhefEMébrantihodyfdid n@ detect SDS-denatured
followed by stinulation with 50 ng/nL 1G--1 for 20 m n

huatan 3GE-1 reddptomcial Westerarbdots belyshtys fomi MOPSP celty $hich Shdicated that it
buf f er containing protease and phosphatase inhibitors

boledtona adﬂfb'ﬁﬁ’zﬁﬁnbpé ibe opﬂritlze“nonl&/éﬂﬂﬁrré@huém’ifm}ls?géc‘é or.

or t hovanadat e, sodi um fl uoride, 10 mM sodiu
r
u%ssﬂsﬁ%ﬁmg@m%%wgw% Yok 8488 by e

td ni n I at coat ed h :
IR RéipckeR Wcé’&gﬁfﬁ EopBgadnar e w%ﬁm&#ﬁ%ﬂ Bk nd 12
anti body TCl123 and was incubated with the |ysa
domgigs| (essidugs 15168) é%seéwl’ﬂéhﬁ 14- é}?p@rmﬂwswc‘@&{w@u@ 704-719) and
| G~-1 receptor. The wells containing the captured
whiciFwhs tepmiptast bynve Cetetntians spawpe thgarithis smaibatl6d-1 redephor, which
bi otinyl ated anti-phosphotyrosine antibody (PY20; 0.25

ladedrtgsidiias F6OUTO8 URisibaeh repoddat @itifid BSY-1f AhodBh Medtightly compared to
foll owed by washes and I ncubation wth

th&ﬁdtﬁzetfal\ri1§11§ﬂ: hors %&Eﬂoﬁ tMoHﬂ PXifAs 90@@ WE%@L&:AP 487, 226-230;
mn. The wells were washed det edt ed

L,
ant| g‘B Zﬁ lgég;‘gﬁélaléltfon g’%?ﬁ ’??@ qlhuggt%’lc% %éGFI
R T SO Er i o B e
aut ophosphoryl ation_of |G~ 1 receptor was obtai ned

termi Ripestheakdhresiduen 704 hbandfiankse dy a(G-teyurisusyyc epitope tag. A

stable cell line which expressed this construct, and which also expresses the construct
transiently in human embryonic kidney 293T cells, was constructed. A strong binding of
EM164 antibody to this truncated IGF-I receptor alpha chain construct was observed. Ofthe
two antibodies tested, IR3 (Calbiochem) also bound to this truncated alpha chain, but 1H7
antibody (Santa Cruz Biotechnology) did not bind, which indicated that the epitope of

EM164 antibody was clearly distinct from that of 1H7 antibody.
C. Inhibition of binding of IGF-I to MCF-7 cells by EM164 antibody
[111] The binding of IGF-I to human breast cancer MCF-7 cells was inhibited by EM164

antibody (Figure 3). MCF-7 cells were incubated with or without 5 pg/mL EM164 antibody
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[116] To denonstrate inhibition of phosphorylation of
insulin receptor substrate-1 (IRS-1), an ELI SA using
i mmobilized anti-1RS-1 antibody to capture IRS-1 from
| ysates was used, followed by neasurenent of the
associ ated p85 subunit of
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the G stinulated I RS-1 phosphoryl ation than was | R3
waaldi, edyated mdthEhbprvidiihdreetididh geroﬂiﬂasesaﬂfﬁ@fby washed again, and
agoni stic activity on RS- | phosphoryl ation

theprietieaidading ABTSALOS sifkthhe THRISERES Q)ff Iégvﬁ’i“blxmix&%@ MCF-7 cells

The acti vatl on of ‘ot her downstream e ors

was aI so nhi bi. i n
bY%%@?&giﬁ‘é 3 SRy P lifefve g Sras esmess equivalent o that
ells (Figure 6) and in_ MCF7 cells, as was shown
kS légfﬁ’uﬂ ebtaingd usips acestreljerking biotin-IGF-L

phosphor yl ation-specific antibodies (rabbit
[113b! Jxbdshition torithe aphp depsnibSeaboyeTortke inidbijioh ofbindmpf IGF-I to

anti - phospho- ERKI/2 anti bodies; Cell Signaling
MJ®C kalid bgFM 164 m&ha@&ﬁa@ﬁtlbxbﬂ%&@ﬂ@'ﬂ%ﬁﬁh&@it@@thﬁﬂEﬂlm antibody
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protein loads in all |anes ure 6) Tr eat men
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-stimul ated phosphoryl ation o
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ition o -111- serumstimul at ed
boudl:ao ngzmgs g%yg}cﬁégpal&gax%: (su<]:h as la(ﬂ?dl or IGF-II). In this IGF I displacement

assay, MCF-7 cells grown in a 12-well plate were serum-starved and then incubated with
biotinylated IGF-I (20-50 ng/mL) in serum-free medium at 37°C (or at 4°C) for 1 to 2 h. The
cells with bound biotinylated IGF-I were then treated with EM164 antibody or a control
antibody (10-100 pg/mL}) at 37°C (or at 4°C) for 30 min to 4 h. Cells were then washed with
PBS and lysed in lysis buffer containing 1% NP-40 at 4°C. ELISA was carried out as
described above to capture the IGF-I receptor from the lysate and then detect the biotinylated

IGF-I bound to the receptor using streptavidin-horseradish peroxidase conjugate. This
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human tunor cells by EML64 anti body [118] Several

human tunor cell lines werg tested in serumfree
conditions for their growmh and survival response to
1GF-L These cell lines were treated with EML64

anti body in the presence of 1GM I1G~11, or serum and

their grovvth and survi vaI responses wer e neasured 37
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et al., 1997, J. Biol. Chem, 272, 31163-31171).
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engegenonhplysidlpgiveldigand. gr ow for anot her 2-3 days. A
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[113, Dhediortatiph bhMLEST eisywith EMi-6diaptibsiyl 4t €tC &2 QlH @ihat 37°C for 30
brom de; 25 pL of a 5 ng/nlL solution in PBS) was then
nuﬁsi Qﬁidncﬁ @&ulthﬁ a%?énlﬁ%aﬂﬁo%vxﬁ@édﬁt[b%%f%’e ider fe@&&i&%a@éd 5@ estern
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i nhibited by EML64 anti body, i rrespect ive of whet

dopmeegyationsd hevd & - brgaadony efhst eforegthe inhipition of pipging QMQF-I and the

added before the antibody, or if both 1 GF-1 and
dispieceiveutofitmuad QB4 by Fdd HidwentiboTn b ot ¥°C 881 3TABIIEthEse short-term

Inhibition of 1G-1-stinulated growh and survival of
expetiments elaysob e Eddldided Wnthe ldooy-rEgllsti@r sfwhdret @R@AtiR Qo the binding

of the EM164 antibody. The mechanism for the potent inhibition of the binding of IGF-I to
IGF-I receptor and for the displacement of the pre-bound IGF-I by EM164 antibody is likely
to be competition for binding, either through sharing of the binding site or through steric

occlusion or through allosteric effects.

D. Inhibition of IGF-I receptor mediated cell signaling by EM164 antibody
[114] Treatment of breast cancer MCF-7 cells and osteosarcoma SaOS-2 cells with EM 164

antibody almost completely inhibited intracellular IGF-I receptor signaling, as shown by the

inhibition of IGF-I receptor autophosphorylation and by the inhibition of phosphorylation of
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[115] In Figure 4, the MCF-7 cells were grown in a 12-well plate in regular medium for 3
days, and were then treated with 20 pg/mI EM164 antibody (or anti-B4 control antibody) in
serum-free medium for 3 b, followed by stimulation with 50 ng/mL IGF-I for 20 min at 37°C.
The cells were then lysed in ice-cold lysis buffer containing protease and phosphatase
inhibitors (50 mM HEPES buffer, pH 7.4, 1% NP-40, 1 mM sodium orthovanadate, 100 mM
sodium fluoride, 10 mM sodium pyrophosphate, 2.5 mM EDTA, 10 uM leupeptin, 5 pM
pepstatin, 1 mM PMSF, 5 mM benzamidine, and 5 pg/mLU aprotinin). An ELISA plate was
pre-coated with anti-IGF-I receptor beta chain C-terminus monoclonal antibody TC123 and
was incubatéd with the lysate samples for 5 h at ambient temperature to capture IGF-I
receptor. The wells containing the captured IGF-I receptor were then washed and incubated
with biotinylated anti-phosphotyrosine antibody (PY?20; 0.25 pg/mL; BD Transduction
Laboratories) for 30 mﬁn, followed by washes and incubation with streptavidin-horseradish
peroxidase conjugate (0.8 pg/mL) for 30 min. The wells were washed and detected with
ABTS/H;0, substrate. Use of a control anti-B4 antibody showed no inhibition of the IGF-I
stimulated autophosphorylation of IGF-I receptor. In contrast, a complete inhibition of the
IGF-I stimulated autophosphorylation of IGF-I receptor was obtained upon treatment with
EM164 antibody (Figure 4).

[116] To demonstrate inhibition of phosphorylation of insulin receptor substrate-1 (IRS-1),
an ELISA using immobilized anti-IRS-1 antibody to capture IRS-1 from lysates was used,
followed by measurement of the associated p85 subunit of phosphatidylinositol-3-kinase (PI-
3-kinase) that binds to the phosphorylated IRS-1 (Jackson, J. G. et al., 1998, J. Biol. Chem.,

273, 9994-10003). In Figure 5, MCF-7 cells were treated with 5 pg/mL antibody (EM164 or
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ost eosarcoma2. 5100 %'es A 431 (epi dernoid)?2.285 %es
SK- N- SH neur obl ast oma285 %30-50 % a MIT assay of 3-
to 4-day growt h/survival of cells in response to 10
ng/mL 1G~1 in serumfree mediumcontaining 5-10 g/nL

IR BN bédmafes hedium Boriat) ifflidwanbpétigilevddwah 50 n%'ﬂ IOF- 1 for 10 min
1.25-10 % serumin the presence of 5-10 p.g/ EM 16

at BREL DAY TR Mgoﬁﬁﬁlt%%ﬁ%ﬁmﬁiyﬂwtgﬁm ﬁ)%%/\"w?%ﬁﬁ?ectly

on conpari son Wt h ser Um

B 0 Bl A Bk v
R b B B s DAL PO IS ML,

autocrine/paracrine |G--stinulation by cells. ND
The iweelle stessthap ingubated with goousd ancnodionalapti-rRSaRIrd -kipase antibody
difficulties. [119] The EM 64 anti body strongly

(Upstite Bidtechnolezy) fard Is dolloweal byrttaimest wiklopéd1-aafidnouse-IgG-antibody-
survival of breast cancer MCF-7 cells (Figures 7 and

HED conljiizafe REPAHAHE TR RIS WRA theh Q%slfe% aﬁﬁﬂde@éte&ﬂg hBod¥rs/ 1,0,
strongly inhibited | G- 11-stinul ated growh dl

=TT, N AT —
e erE R ﬂla%ggﬁs 1O RoTKIRHOR toAn s, gn%c{&;', ACEM164 antibody did
not show any agonistic activity on IRS-1 phosphorylation when incubated with cells in the
absence of IGF-I
(117} The activation of other downstream effectors, such as Akt and Erk1/2, was also
inhibited in a dose-dependent manner by EM164 antibody in Sa0S-2 cells (Figure 6) and in
MCEF-7 cells, as was shown using Western blots of lysates and phosphorylation-specific
antibodies (rabblt polyclonal anti-phospho-Ser*’ Akt polyclonal and anti-phospho-ERK1/2
antibodies; Cell Signaling Technology). A pan-ERK antibody demonstrated equal protein
loads in all lanes (Figure 6). Treatment of SaOS-2 cells with EM 164 antibody did not inhibit
the EGF-stimulated phosphorylation of Erk1/2, thus demonstrating the specificity of -

inhibition of IGF-I receptor signaling pathway by EM164 antibody.

E. Inhibition of IGF-I-, IGF-II- and serum-stimulated growth and survival of
human tumor cells by EM164 antibody

[118] Several human tumor cell lines werg tested in serum-~free conditions for their growth
and survival response to IGF-I. These cell lines were treated with EM164 antibody in the

presence of IGF-I, IGF-II, or serum, and their growth and survival responses were measured
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Figure 7 for the IR3 and 1H7 anti bodies (Cullen, K J.
et al., 1990, Cancer Res., 50, 48-53). 1In contrast,
EM 164 anti body was a potent inhibitor of the serum
or |GF-stinmulated growh of MCF-7 cells. As shown in
Figure 8, EML64 anti body was equally effective in
inhibiting the gromh and survival of MCF-7 cells

usivean M aisay sftge-dlayserAfpreamarnt 1500 @NS weks ﬂﬁteaqgf% 96-well plate
serum). [120] The growth inhibition of MCF-7 cells by

inEvEG4r lﬁéﬁlh@% YEEImIRARURL %a&a‘a W %u.mci?% x?edc}mul%e following
75 s ed I'n

ina 12-wel |l plate, about wer e p

% n the enc a ce
i @%&%?ﬁﬁiii%?i%ﬁp%ﬁ%ﬂ%iieg% e eiabﬁﬁ’& fepheroled
cell ,count fo treated control san'p e
fragymediam as SP‘F%E%‘{)E uﬂi% E, et el 198 buh b fCh@Fria 9721; 3711§3 31171).
104 cells for the EML64 anti body-treated sanple.
Afteeenterdapiof giovth i scriniifde madininhthecellnbvietd ineubatddewith about 75 pL of
growth of MCF-7 cells by about 12-fold in 5 days. This

10 pRindT 4dtBdPYor FOVRBA 3N kIR b e S %bgﬁ“ﬁt%ﬂc&“—x or IGF-II or

greater than was a reported 2. tion usin

P coniaﬁvﬁg%PiﬁiWﬂsf%%ﬁ S0 1.3, o

9, 276-281) 1] The
0. @Hﬂ%ﬁi@wﬁﬁp ER eépmwtéﬁée %qiisvi%itlraila%@drf@ﬁ Vit GE-1 for 15 min
cell lung cancer |ine NCl-H838 were also strongly
befensiths addéianofEMeas antttiodydyr, botiolqFat et EM 144 (anhbafd},i were added
anti- B4 antibody (Figure 9). Treatnent with EML64

togetherh @hy célls vere trenfallowedts zrom for atitkad-3 dagsTod ls@lﬁtlon of MTT (3-
signal than the untreated sanple for both NCI -

(435)@1119{9'5 ﬁm%llﬁ¥1%-9rﬁ§ ?Hgﬂlﬁétraﬁﬁgﬁ%nﬂé 16 ‘h]L@t% ? H—%mL solution in

al’'so in |b|ted e autocrine an paracrine

|.a f.th || 7
Py 0 el SRS Bl LG L Y, B motiom s
greatly reduced on treatnment with EML64 anti body. 40
thfflmovmrﬁﬁifﬂc%gwo@ BLINSEX Brixed, andthe ahsashencgldf the plate was

known anti-1G-1 receptor antibodies inits
medsiieedtal §6hmes Severahinintdrt tutroe calblinumnsadwadih gteeeth @hadwhivival response
of tunor cells such as MCF-7 cells and NCI-H338 cells

upy: addeiah of IGIa0r 8GBAII drlsddim ﬁﬁ@w@@iéﬂlﬁ%%ﬂ@ﬁ%lt‘é@ %?@MIM
grow h arrest of cells in GO GL phase of cell cyc
anfiB8dy, irrespective of whether the antibody was added before IGF-L or if IGF-I was added

before the antibody, or if both IGF-I and antibody were added together (Table 1).
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abrogated the mtogenic effect of IG-1. For cell
cycle analysis, MCF-7 cells were treated wth | G-I
(20 ng/nL) in the presence or absence of EML64 (20
g/nm) for 1 day and then analyzed by propidium i odide
staining and flow cytonetry. As shown in Figure 25,
the cycling of cells in response to IG--1 stinulation
in the absence of EML 64 (with 41% of the cells in
TABEESL PHaSBI tRftoA@IL-1R Pie
altihdaML64-treated cel | stl%tﬁ)gﬁvlv@ 9%%‘1{\0?%9%&8{@:%%“]31\“64
and 77% of the cells in the GJ GL phase). [124] In
addition to its inhibition of cell proliferation,

TEMIB2elBTypebody t r € dtoiaiowtiessspérad] 1% Intdbieiph ®@S1 S Thibition by
cel I's. For neasurnenGFIMANORESS| EME6LanARy Of HNIS64
cytokeratin CK18 praision IGPY tﬁeﬁt%@a I@’PSI- meastr ¢ Gntifody of
NCI - H838 | ung candek yg&bdisi doiisUp

—

& um . - cle lﬁ‘ﬁﬂlunl

-G

0]

ﬂ %owth/survwal

serumin the pres : %‘ gﬁ’T

(Figure 26). In ”%Q%gﬂsence ﬁﬂq%w 215 addlt %riglbsrnnzs_
A 1l n

Ho—=1—o¢t ef-tHi1eS —oWwe vu\.r aSe
| MOFe? ol (a0 oq |t G2 R 10@%& al i ndil&t%ng

that | GE-1 and serjum prevent the ctlvatlon of

HEBspase. (cemvieal) nen2 wi th EM 164 suppbessed the | ND

anti-apoptotic efflects of |G--1 and serum as

Céladosat edeoloy) t he [great er cl eaved| $KgB Tevelrs obtgisned

HTpot he presence off jEVI64 Than TN tg@tyaosence of |64

(FI gure [6) F. by ner gl STTCT T mll 1| on by EMt64
eall c

Né Iﬁlgggiuyv(ﬁnggl owt .H*3a||u Str-vival leb FaR—tubr S;goa%

FaS VA dat difa) nr*l r‘)]f ncf

cotfrotrHhatt-ohvS—wtH mTCT— Ty T otU 1
Ca;lﬂé{c [125] The rrlrﬁ'\[lspd adm rnct&il%i on nf Jrl\/nMYCS

Sky [ﬂmdv with taxdldas si gni fi gqnﬂ% pore i nhil Bt ory
NEbHSAe growt h and |dur vi val of non- K00l cel | | uhdVeakly

Addncer Cal ub cell g ithan was taxol| g gne. SimlafND

t he conmbi nation off EML64 ant1 bodyf wth canpt ot hgcin

A%AS S| Ghkldn6ARY 1Y |41 more 1 nhi Dl TGt T fTam canpt DREECT T

SI@MJ%r][ owara tne '191\’“” ad bFIT VTV, n(oUI coton L,J.Nﬁ:n"

CAm.o A it Il
| n A bb‘l s DEL,au e CIVIC oA aftt o6y —aroie—wWaS—H6
e toxi-e—to—calls lag or-gahi-c

Vawﬁaﬁéﬁ}’b\é%ﬁﬁmﬂ Mpgrqmj 57\ @n% he Yes

predomnantly cvtastatic effect gf EM 164 antibbdy and

Sa)8e2 ¢ fostrasaicema) f ¢85 of the cher N0 c drug may Yee

hi ghly efficaciou$ in conbinatign cancer therapies in

A ¢31 ni c@bpidemtibidpgs| 2.2 85 % Yes

SK-N-SH (neuroblastoma) | 2 85 % 30-50 % -

#MTT assay of 3- to 4-day growth/survival of cells in response to 10 ng/mL IGF-I in serum-free
medium containing 5-10 pg/ml. EM164 antibody.

® Inhibition of growth of cells in 1.25-10 % serum in the presence of 5-10 ;.Lg/mL EM164 antibody by
MTT assay or colony formation assay based on comparison with the control (with serum but without
antibody); the extent of inhibition was quantitatively measured for MCF-7, NCI-H838 and SK-N-SH
cells based on controls (without serum but with antibody, and with serum but without antibody) to
account for autocrine/paracrine IGF-stimulation by cells. ND indicates no data or poor data due to
staining difficulties.

[119] The EM164 antibody strongly inhibited IGF-I-or serum-stimulated growth and

survival of breast cancer MCF-7 cells (Figures 7 and 8). In a separate experiment, the
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[126] The conbi ned effect of EML64 anti body with an
anti-EGF receptor antibody (KS77) was significantly
nore inhibitory than either EML64 anti body or KS77
anti body alone on the growh and survival of severa
tunmor cell lines such as HT-3 cells, RD cells, MCF-7
cells, and A431 cells. Therefore, the synergistic

mfsaeaﬁhbcs& SRMRLNNAGiRE WEFal- ls@rh{ﬂﬁte%r__grbmddn@%mWal of Mt:F 7 cells.

growt h factor receptors such as receptor and

Pre@?o%@?éd%ﬁ'tt Wﬂaﬁ g{iéeisabofrhug%%lgé %.1%%1 a%ﬁg%;/gwq%ly showed only
we@é}q?q}gxl ng reg‘%g elgéagi nglg Méﬁvgmgﬁg&eﬂs as confirmed in

over expressi ng IGF | receptor. ugates of EM 64

Figarn 7 o B2 st HOY ontisehs (Gl od, éiabe 0o Gntpy Ragetd, 48-53)
in the treatnment and inaging of tunors that

In epntmast BMEISE ahGbody wes e pbtent inkibitédf éfthe sertimEMIKE-stimulated growth
treatnment, as a single agent or in conbination with

of RITR-7 GalE €As sIRBANInFigrd SNENEB4 GatTsaTy \%&%TBQIQEIW éf%echiVe in inhibiting
i mrunodeficient m ce [128] Human non- snal | ung

thec%in‘u t BGR arnGouiPartARREE S defis @ﬁérea Wik ?Q{O'e%tﬁggminrhoncenmfatxons (0.04-10%

eficient mce by cut aneous’ i nj ect’ion
07 Calu-6 cells. As shown in Figure 10, these mce
tal ning established 100 mB Cal u-6 xenografts were
treated with EM 164 anti body al one (6 injections of
[126] 8 The erasith dnhipitiop. of Mk 7seHs e ERY164raniipady wasdasasuredrpy counting
(five injections of taxol, i.p. every two days; 15
celisy /Tgp,, iner 12aweh phate ehiit7400 ovllsofert alatdd iaRPMMbEdium with 10%
anti body treatnments, or PBS al one (200 L/nouse, 6

FBSNineteé bRRencelotbiRike WL EKug/mIVEM 168 iafghddyy @\ fief5GRyPES growth, the
treatnent group. The growth of tunors was

celg %&n%g?(ggﬂg g.ﬁﬁ‘e %pgﬁq'of’yagﬁ\@%s 435 3Nl @é’l?sy r&ﬁm@%&‘%&‘% cell count of

S con toxicity

onfigk Al s%if‘sffﬁa&fh-sﬁiﬁoe%qtﬁ"é‘iéﬂre°§§ gfn?@ quq&f S EnMics

was ef fective until the tunor then started to
antgrodhy ipibited the gk, OflMaéF Gresie B apout Ad-fold jps dafigsThis inhibition by
: del ayed significantly in the group that was treated by
EMi 6domtibodyt wesisighificanthl graster thEMyEsia sepoithd dy; foklompibitenh using IR3
to the group that was treated with taxol alone. [1291
antibodgin p@rdayertdycioe MCBT cetn@phiktQ. Tvet el 1982 Bioakued Bidphys. Res.

5 week-old, fenmale
Commun., 149, 276-281).
(121} The IGF-I- and serum-stimulated growth and survival of a non-small cell lung cancer
Jine NCI-H838 were also strongly inhibited by EM164 antibody, compared to a control anti-
B4 antibody (Figure 9). Treatment with EM164 antibody in serum-free medium produced a
smaller signal than the untreated sample for both NCI-H838 and MCF-7 cells, presumably
because EM 164 antibody also inhibited the autocrine and paracrine IGF-I and IGF-II

stimulation of these cells (Figures 7 and 9). The colony size of HT29 colon cancer cells was

also greatly reduced upon treatment with EM 164 antibody.
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SCIDICR mce (Taconic) by subcutaneous injections of
107 BxPC-3 cells in PBS (day 0). The m ce bearing
establ i shed tunors of 80 nmB were then treated with
EML64 al one (13 injections of 0.8 ny/nouse, i.v.,

| ateral tail vein, on days 12, 16, 19, 23, 26, 29, 36,
43, 50, 54, 58, 61 and 64) Mﬁth genti t abi ne al one

b B S 5 R S e o

foll ow ng the above schedul es, . PBS al one, g‘ﬁ‘e@‘@
in itscrffectivengsa ﬁouawltah@mﬁammmwowﬂé%wr § has YECF-7 cells
EML64) using five mce in each of the five treatnent
andNQIHER3S Aslisbpwreatentian §0¥e 27, treatnent with EMLE64
al one, or in conmbination with gentitabine, resulted
[123]“ Th@EM& 6'4%1%185@ cHuBar @Ewt0ATaE of ¢HMRin GOLBDEEAE bS célicycle and
of 5 animals in the 64 treatnment group and in all

abr%EﬁQ& 1R 5ied #ﬂ&&fec? Qfﬁ@ﬁ?tff&%eﬁr ?@Hz ABAYsig MR- 7 cells Were treated

asurabl’'e T unmor regrowt was only seen 1 n nore

N Y 4 S U500,

significantly smaller nmean_tunor volunmes on day 74 in
analpzed dryipsopidinm kpdidecstainiog end flowreytameTit sAg ﬁnmmncfzglraﬁé the

0. 002, respectively; two-tailed T-test; Figure 27). In
cyélimgtdf eéllssihlrdwonEd\/thGFaImﬁhhxhﬂjpm inelag ahsnmce(qf IEM b6dfwithd1% of the

conbination with an anti-EG- receptor anti body;

cel'lsnihrtﬁep@ bhisengalsobningRd GO pHarb) Wid efprlebeddh BM I64ofreated cells
establ i shed BxPC-3 xenografts in mce. 43 H Coning

RSy i S RO
e e L e e

random hexaner priners. [131] K PCR reactions %e .
appripfipehesdisy EPneasurensnt pEennpipsife sleryase @1 e qatplieratiyy CK18 protein
(J. Imunol., 148, 1149-1154 1992 and using
bydesesewat mepsurebindNGEHES bing @emcer gel @b@tedawth IGE-j or serum in
| mmunol . Met hods, 233, 167-177 (2000)). The RACE PCR

thepretunde meﬂjsemobfamwmoen eyl (Bigere26.pltt the abisknae pHEW 164, the
tail on the 3'ends of the first strand cDNAs. RT

adﬁ B bF RIBT oYBErBmreédlfeh ada I/Mvsteli! cﬁlp&ﬁlﬁ@l&ﬁvﬁ@l@gﬁﬁknal compared to the
colums and eluted in 50 gl 1 X NEB buffer 4. A dG -

no IGF-I control, indicating that IGF-I and serum prevent the activation of caspase.

Treatment with EM164 suppressed the anti-apoptotic effects of IGF-I and serum, as indicated

by the greater cleaved CK18 levels obtained in the presence of EM164 than in the absence of

EM164 (Figure 26).

F. Synergistic inhibition by EM164 antibody of growth and survival of human
tumor cells in combinations with other cytotoxic and cytostatic agents

[125] The combined administration of EM164 antibody with taxol was significantly more
inhibitory to the growth and survival of non-small cell lung cancer Calu6 cells than was taxol

alone. Similarly, the combination of EM164 antibody with camptothecin was significantly
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tailing reaction was perfornmed on the eluate with 0.25

mv CoCl 2, 1 MM dGTP, and 5 units termnal transferase

(NEB), in 1 X NEB buffer 4. The m xture was i ncubated

at 37 '"Cfor 30 mnutes and then 1/5 of the reaction

(10 I') was added directly to a PCR reaction to serve

as the tenplate DNA. [132] The RACE and degenerate

PCR reactions were identical except for differences in
mae invhitritory it camprothescin atape toxvasd HiglerewEraKaugggal of colon cancer

reaction was used directly for the RACE PCR tenplate,
HTH9i detis.t Becddfe ERBICHI antibadyxalvweswassiend eslpeatat toybefasrtoxic to cells as

degenerate PCR reactions. [133] In both RACE and

%ﬁgﬁﬂﬁﬁﬂﬁug d@ﬁag@ 86 birRAsisth betviiheSprelibriififantlii oytostatic effect of
rimer i N

EI\K@AP %ﬁ%oai g&g&t g4 %ﬁ&g %?%toggﬁbg)gc?cgcﬁ%%gﬁ%e(ﬁ@y efficacious in

vy charn priner:
g atctata aca at, tcgttttgge (SEQ I D NGO 15)
Wg 8%@6““{% Hggﬁ&gﬁ%&%%lg TR, one poly C5' primer
was used for both the heavy_and [.i ght chain: EcoPol
[126] TAhsromkars oct e ettty 1@1@9@qt153ﬁ5recf@ or agﬁbody (KS77)
whil e the degenerate 5 end PCR prinmers were: Sacl MK
wASCIAGITEAGAATTE GHENIBACMOARMITRIIACY SR AP qm@lSWmnb@dy alone on the
the |Ilight chain, and an equal m x of: EcoR1LMHL -
gr&&%%@@%ﬁﬁ%tm@ﬁ@%ﬁ@h(asms ReNERI1 8311 MICE-7 cells,
EcoR1 - CTTCCGGAATTCSARGTNVAGCTGSAGSAGTCWSG (SEQ I D

an&lg%} %)ells T Pherbfife, t?ﬁ]@i&ieﬁ dfég@lc%ffegt]& Rbmbhih§ ﬁet?cpa@i‘iﬁtc anttbodles for

sequences, ases are defined as fol

e e TR R B SR e

the followng program 1) 94 C3 mn, 2) 94 C 15 sec,
cligjcalicpneentrgdtienta) 72 C 2 nin, 5) cycle back to step #2

29 tines, 6) finish with a final extension step.at, 72
[127]f dEormOga’wsmf EM164 antibody with cytotoxic drugs are also valuable in targeted

delivery of the cytotoxic drugs to the tumors overexpressing IGF-I receptor. Conjugates of
EM164 antibody with radiolabels or other labels can be used in the treatment and imaging of

tumors that overexpress IGF-I receptor.

G. Effect of EM164 treatment, as a single agent or in combination with anti-cancer
agents, in human cancer xenografts in immunodeficient mice

[128] Human non-small cell lung cancer Calu-6 xenografts were established in
immunodeficient mice by subcutaneous injections of 1x107 Calu-6 cells. As shown in Figure
10, these mice containing established 100 mm? Calu-6 xenografts were treated with EM 164
antibody alone (6 injections of 0.8 mg/mouse, i. v., two per week) or with taxol alone (five
injections of taxol, i.p. every two days; 15 mg/kg), or with a combination of taxol and EM164
antibody treatments, or PBS alone (200 pL/mouse, 6 injections, two per week, i.v.) using five

mice per treatment group. The growth of tumors was significantly slowed by EM164
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[137] The PCR products were cloned into pBluescript 11

SK+ (Stratagene) using restriction enzynes created by

the PCR priners. [138] Several individual |ight and

heavy chai n cl ones were sequenced by conventiona

nmeans to identify and avoi d possi bl e pol ynerase

gener ated sequence errors (Figures 12 and 13). Using

: Chaot hi a canonical clagssificatjan definitions, the
antibedydrepinggnt cemarisd inyPRE £0pirekh Ao toxegiof R 64 antibody was
identified (Figures 12-14). [139] A search of the NCB

obgegridabased ah aheeseremedis o thedveights of He raieei Altipugh taxol treatment alone
receptor antibody 1ight chain variable region

wap efibabeyuncdbday o4l the mmok treenrstirsed td ghdw Baidk. FRywdver) ¢hggo®th of the
while the heavy chain variable region probably

r |
oAb S5 e i g o

o A O PRI, o
T e P )

condi tions exci sed fromthe PVDF nenprane and
SCHpACRzmipel a?nrm)éaywub@mﬁ@s injectivneofN0° BaPhrheglls in PBS (day 0).
sequence of the light chain was determ ned by Edman
The etjoebeiring establigted tRVONBERCHSN] BEE théh tatZ0yith BN 164 alone (13
mat ches the N-term nal sequence of the cloned |[ight

inj&dIRInG 098 R ORicHsE1e ., flateral tallereklylod @dyyhn b dma3, 161 48]36, 43, 50,

The N-tenni nus of the heavy chain was found to be

543480%5%%2 v&g@ﬁ%cﬂ{aﬁﬁg'a Pe%ﬁ»%‘ﬁib%hﬂ ﬁSbWﬁf%&ouse, i.p., on days

I gest e Tragnent o

12 6’85 39% S&Mgaec%l&lggn Ig};ﬁ%ﬁ@ %@E’ﬂgg‘?@ c&ﬁgg he above schedules,

determ ned to be GR Cg,DYYGS SEQ. I D NGO 21). Anqt her _
PBrajpne, andjp geafolgaiibedyelne g the e Sé@%&» 28 YL FoBusing five
mass 2664.2 (MrH+, nonoi sotopic) was_al so fragnented
mic¢ fn qaok of e fivedreatioed grqupSDA S shewh insFigarg2dnteatmast with EM164
identified as: SSSTAYMQLSSLTSEDSAVI YFAR (SEQ |ID
alov€} &%n comdbirfatioh withegmcishjng readtedditifilypiartdtelrebnesdiow s tumor
of CDR3 and framework 3 (FR3) of the cloned heavy

xefdb2h s HeNS PiRRAA tHe TN 64 &ekiMedgBMP EATHAER. 5 animals in the
combination treatment group. Measurable tumor regrowth was only seen in more than one
animal on day 43 in the EM164 group and on day 68 in the combination treatment group,
resulting in significantly smaller mean tumor volumes on day 74 in comparison with the
control treatments (P = 0.029 and 0.002, respectively; two-tailed 7-test; Figure 27). In
another study, EM164 antibody treatment (alone or in combination with an anti-EGF receptor

antibody; intraperitoneal injections) inhibited the growth of established BxPC-3 xenografts in

mice.
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0 1. Reconbi nant expression of EML64 anti body [142]
The i ght and heavy chain paired sequences were cl oned
into a single mammal i an expression vector (Figure 16).
The PCR prinmers for the human vari abl e sequences
created restriction sites that allowed the human
signal sequence to be attached while in the

HE oy Civeiad bt ol oF e 3% oy Fiin el Bprsca apivoay

[1BOpsTtel RINANGasieiRled ek BM 184 h@bnmlﬁab&ﬂsam&vé@a kraSédriptase
for the light chain or heavy chain, respectively

reﬁ{fio% hRre-BarforthiBé uLuh? hts ﬁ% ?dr’gl{il RAA B Ieﬁhé%‘ﬁ'és Gt rifdom hexamer

oned 1 n- frame on uman | gK constant regi on
%,the heavy chain variabl e sequences were cloned
pri“ﬁ 8" t he human | ggammal constant regi on sequence.

expr essi on, pl a m.ds,
llaibv%bﬁﬁ%%él%wgrgm& ogpe W%%%%ﬁ@cgﬁafw@ggw Gﬂé # @
cDNA sequences. Expression and purification of the
Imrg et |1|4|&,nlt14ﬁﬂll| ¢ (E9Ehandsingsldgenemtopimeists desoibeil iy Wang et al.,
to methods that are well-known in the art. C 1 46

(TEXANELA. RietHddsreR38 2557 - Var Q000). dfhe BMICE PAR mbithdy rédid2d an
Resurfacing of the EML64 anti body to provi de humani zed

1n¥e‘%ﬁt‘éﬂﬁf§st§#ﬂota§@ la?oPySG tdiD6F BRSEIS 0P thedrAARARA | l:DN@Q;e R Breactions
general ly procee according to the principles and

wgi%lt;{;&?fﬁ%d vﬂ{h %@g éQﬁgHB%o L?J%% ea?& Eﬁli&%'ﬁ 5@45;§1| lv}gn B'Buffer 4. A dG
tall Ce%?ﬂamwa&éaﬁfg@%% & sRoG T oR Pl SR (lad Splbiotp, and 5 wais

predict the surface residues for the nurine antij-1GF
teprainaptransterase (NESulyin (LD byfer 4 nlihe riggire was meabated ﬁb37 "C for 30
acid solvent accessibility for a set of 127 unique
mamttesoondythat /6 of thegedciibp §1¢ Thivwae a@jedwbreetly & € BCRtreaktion to serve as
“with the MC software package (Pedersen et al., 1994,
thé tedyplate IBN@l . , 235, 959-973). The ten nost simlar
l'ight chain and heavy chain am no acid sequences from
(188} STRER ACTE A UeBticiil BORSIeRiots HRELHMAREMeR¥pt for differences in
primers and template. The terminal transferase reaction was used directly for the RACE PCR
template, while the RT reaction mix was used directly for degenerate PCR reactions.
[133] Inboth RACE and degenerate PCR reactions the same 3’ light chain primer:

HindKL - tatagagctcaagcttggatggtgggaagatggatacagttggtge (SEQ ID NO: 14)
and 3’ heavy chain primer:

Bgl2IgGl - ggaagatctatagacagatgggggtategttttgge (SEQ ID NO: 15)
were uséd.

[134] Inthe RACE PCR, one poly C 5° primer was used for both the heavy and light chain:

EcoPolyC - TATATCTAGAATTCCCCCCCCCCCCCCCCC (SEQ ID NO: 16),
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sequence al ignnment. The average sol vent accessibility
for each variable region residue was cal cul ated, and
positions with greater than a 30% aver age
accessibility were considered to be surface residues.
Positions with average accessibilities of between 25%
and 35% were further exam ned by cal culating the

whilP fhie d&%ﬁératfe%s' ga@ ﬁéﬂs%nlrty for only those

structures ent| cal fl anking residues.

Sagf Tk é@G@T@@W@?%éK@E@%%#ﬁ%A %%‘&?8 17) for the

anti-1G--1-receptor antibody (E111164) 127 Brookhaven
light:qhgiay, apday equamixefl for surface predictions

2res3hf13hfl aifl a3rl bbj 43c94f ab6fab7fab m 2gf b2hl
EcoRVHI a6TICEAGGAATHCEARGEIRIAGETOSAGSAGTC (SEQ ID NO: 18) and

yuh2bfv2cgr 8f abl ae61 bvl 2dbl 2f 192f b42fbj | sm tetl

EcdR 82 ICBACEGTAATTOSARGINMAGE TES A GBS AGTSMGGRSEQ ID NO: 19)
ospl aj 71 ayl1 cizl pigl pskl rnfl sbs

for't @Hézﬂﬁ% pl acyl af vicbvl nl dl nml nm ngb ab I MC1 nfl
0mH15 51]%1 axsl m bl npl nbvl ncb pbma 1 jrhi kb51

0455; dn B ondeiRErtiahn Shixed b pl¥YREGd gf Byl avrec
s=g Y& PR PRI e ROA 9 %\}=A491t, V = A+CHG.

[136] The PCR reactions were performed using the following program: 1) 94 °C 3 min, 2)

94 °C 15 sec, 3) 45 °C 1 min, 4) 72 °C 2 min, 5) cycle back to step #2 29 times, 6) finish with

a final extension step at 72 °C for 10 min.

[137] The PCR products were cloned into pBluescript II SK+ (Stratagene) using restriction

enzymes created by the PCR primers.

{138] Several individual li ght and heavy chain clones were sequenced by conventional

means to identify and avoid possible polymerase generated sequence errors (Figures 12 and

13). Using Chothia canonical classification definitions, the three light chain and heavy chain

CDRs were identified (F igures 12-14).

[139] A search of the NCBI IgBlast database indicated that the anti-IGF-I receptor antibody

light chain variable region probably derived from the mouse IgVk Crl germline gene while

the heavy chain variable region probably derived from the IgVh J558.c germline gene (Figure

15).

[140] Protein sequencing of murine EM164 antibody was performed to confirm the

sequences shown in Figures 12 and 13. The heavy and light chain protein bands of purified

EM164 antibody were transferred to a PVDF membrane from a gel (SDS-PAGE, reducing
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| fptlfrglfvclagki bi nld5igafiggilghflgig b 1 fatl fbil
fdll ad91 bbdl 581 fgvl figl firi for 1 dbll dfbl
a31ll bfol eapl dsfl dvf B. Ml ecul ar nodeling: [1451 A
nol ecul ar nodel of nurine EML64 was generated using
the Oxford Mol ecul ar software package AbM The

anti body framework was built fromstructure files for

corldit®onsRiRkEBE6S thé PYDIF e MBdne ShdbhAyzed Wy 1RoREl s@quencing. The N-
sequences, which were 2jel for the Iight chain and

ten{k}{}ﬂf’sé‘qb énéerb?tﬁlﬁ?%ﬁ/t chlgias dEREn AR Y g@;%t‘ﬂa Cs%g uéddR (YBee

y Searc - a struct ur

D\{I_ﬁgﬁﬂh‘g’i&n%ﬁmﬁg)%aw&sa ﬁéetlg%t oaih e% SC%RI%%&E ofthe cloned

uman Ab sel ecti on [ 146] The surface posi tions of

llghﬁ?ﬂlﬁlﬁéeEM@t&u’xﬁé o Wé@‘l hybidge@mac or r espondi ng
positions in human anti body sequences in the Kabat

(1435t Tbadetefinhnobihe heavyaehhivwas found to b¢ blpoked fynEuian protein
Aci ds Research, 29: 205-206). The anti body dat abase

se cfﬂi&xﬁtﬁ@@@ﬂfyp&ﬁﬁl@@f}& tigRfegoent «f HONA)y hsin v$ adsd D129.5 (M,
extract and align tﬁe ant | body surface residues from

moﬂ@sz{ogw%ing Fh¥nRAdd |v&191%3a st-SH@ED dé'&'d ﬁﬂdﬁ@sdééqﬁlﬂcé %vas determined

The h n antl body s ce wtht rms I denti cal

A R L L PR
AR R VR IR A T —

mut agenesi s was perforned on the marine EI\/I164 cDNA

deqaly ¢ReD) awbifesequendsuyasddentifiedras ST T B Qlnirkelw BEMirEY Y YFAR (SEQ
(herein huEML64). Priner sets were designed to nmake

IDIN@:28). Bothod tlese sequbacey @satcleperiactyl tHose o ACDRBemtl dcimework 3 (FR3)
versi ons of huEM 164, and additional prinmers were

of 8RTIERENel HatiPidhalobinad FaHk &hd F1er1 64Bydridonesi due
changes (Tabl e 37 PCR reactions were perforned with
the following program 1) 94 C1 mn, 2) 94 C 15 sec,

L. 3) RRcbmbint¥n® exfession of EM164 antibody

[142] The light and heavy chain paired sequences were cloned into a single mammalian

expression vector (Figure 16). The PCR primers for the human variable sequences created
restriction sites that allowed the human signal sequence to be attached while in the
pBluescriptll cloning vector, and the variable sequences were cloned into the mammalian
expression plasmid using EcoRI and BsiWI or HindIII and Apal sites for the light chain or
heavy chain, respectively (Figure 16). The light chain variable sequences were cloned in-
frame onto the human IgK constant region and the heavy chain variable sequences were
cloned into the human Iggammal constant region sequence. In the final expression plasmids,
human CMYV promoters drove the expression of both the light and heavy chain cDNA
sequences. Expression and purification of the recombinant mouse EM164 antibody

proceeded according to methods that are well-kmown in the art.

46



72 C1 mn, 5) cycle back to step #2 29 tinmes, 6)
finish with a final extension step at 72 C for 4 mn.
The PCR products were digested with their
corresponding restriction enzynes and were cl oned
into the pBluescript cloning vectors as descri bed
above. Clones were sequenced to confirmthe desired
am no acid changes. 49 TABLE 3 - PCR priners used to
build 4 humani zed EML64 anti bodi es Pri nmer SequenceSEQ

T GTACA! CCAACTGGT GCAGT CTGGEGEG
ESiessieny SHEMT6S antibody

gol | OAATOAGAAGTTCOAGGGGAAGGCOAOACZ4 Em 64hc

G TISTEhei rspayes
T S S SRRt b

d%ﬂ%ﬁ M@%@TA&A AGTAgCGzT?:CAACII:TC 30

CTGATCTAC Enil64a67011GTGGCAGTGGAGCAGGGACAGATTTCAC31
Enl64a67012GAAATCTGTCCCTGCTCCACTGCCACTG32 E. Vari abl e
A.egi Swriage predictiansi dues [ 148] The anti body resurfaci ng

[gﬁgr g %@gcﬁ%ggésglggﬁy gg@g@%ﬁ%gﬁ Sr§£1du§s‘]fo ‘%tlgrf gfxteiPondies with
sSfiFf sl deTauten o ol ﬁa&% B el h%eantl-IGF A receptor

sequences. A surface residue is defined as _an amn
SBED e (o SR b ¥TIAD1q Tegion. BemAtenoeia splyenl acsassibalie 1aF asct of 127

accessible to a water nol ecul e.
unique antibody structure files (Table 2) were calculated with the MC software package

(Pedersen et al., 1994, J. Mol. Biol., 235, 959-973). The ten most similar light chain and
heavy chain amino acid sequences from this set of 127 structures were determined by
sequence alignment. The average solvent accessibility for each variable region residue was
calculated, and positions with greater than a 30% average accessibility were considered to be
surface residues. Positions with average accessibilities of between 25% and 35% were
further examined by calculating the individual residue accessibility. for only those structures

with two identical flanking residues.
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[ 149] The 10 nost honol ogous anti bodies in the set of
127 anti body structure files were identified (Figures
17 and 18). The sol vent accessibility for each Kabat
position was averaged for these aligned sequences and
the distribution of the relative accessibilities for
each residue were as shown in Figure 19. Both the

i ght and heavy chain have 26 residues wth average

T La:ti.vwggﬁéa SEbdehES Db ﬁe-go%}thagf’%ggfi ob Rsciito pred
ap Bif predict the
Sur'eagzlggﬁé'itsl'lfl 'E&ﬁ%efi’%‘"s“e%‘? Y (EMI9fles had average

accessibilities of between 25% and 35% and these

wer e [TUT T hawsﬁgpnﬁgvemﬁ\ta;fﬂerme@wﬂ'ggrgp{ AEETeS
ealGkl ;

withi{two identic resi K1.Ng €l e of
t he rﬁrﬁﬁe—g?&bi—es—A—aM 2 POP this additional |
anal y37&, thé or3hgi nalaifsetiagr sihbj acBcPestfdbies6fabat 7fab

was ifdentified above remai ned unchanged. 50 TABLE 4 -
Sur f acery e2hdpeprand R6er agg: ACERYSI AHrh1 tHea(( aVE, ac
for the |ight Hand heavy chain vargi aig{rllé séauen%gcs o?pc%

EML64 _ant i bgﬂ EM 164 Surface Residues Light
Chai nllllé'g?/yz ‘éi f B BH3 b 38 Ay & bViac 2 dbviL 64 K& b Ay e2fbj

Acc. | D95, 80159V g2 . SREB3AchS TREE. AYE6341\@8 1yee
L950] 88A938. 01 L1535. 45L.1147. 72 Q1839. 79K1346. 51

R243‘§.1 §§P14%%g4gl o§3631%j763q]a§1?’1'1%& Qzl%?’gA" Sl%ﬁgsﬂh#l 1sbs

N283f 1%(.840%?’1 d 23! ngp lacy lafv 1chv Inld 1nm 1nm 1ingb
a b
Imc Tmf Imi  15¢8 1a5f Taxs 1mib 1mp 1nbv 1ncb
p b m a
ljrh 1kb5 1kel 1ap2 1b2 ladg 1lkip 1kir 1lve 1mam

w
Tigi  ligm Tigt lad0 1baf 1cfv ligy ‘tikf  1jel  1jhl
tgpo 1hil  Thyx 1a0g 1bjm 1iclo 1liai 1libg Tigc Tigf
1fpt  1frg 1fvc lagk 1bln 1d5 1gaf 1ggi 1ghf 1gig
: b
1fai  1fbi  1fdl 1ad9 1bbd 1f58 1fgv 1fig 1flr  1for
Idbl _1dfb  1a3l 1bfo leap 1dsf 1dvf

B. Molecula.r modeling:

[145] A molecular model of murine EM164 was generated using the Oxford Molecular
software package AbM. The antibody framework was built from structure files for the
antibodies with the most similar amino acid sequences, which were 2jel for the light chain
and 1ngb for the heavy chain. The non-canonical CDRs were built by searching a C-a.
structure database containing non-redundant solved structures. Residues that lie within 5

of a CDR were determined.
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P4043. 05T2836. 24 (A146. 56P4144. 01 Q4234. 92G 4242. 62
K4530. 58Q4346. 85 S5230. 40E6146. 68 S5641. 46K6244. 87
b742. 41K6438. 92 D6045. 96R6540. 06 S6738. 20K7335. 92
R7742.61S7448. 91 E8138. 46S82B32. 72 VI5E34. 83S8435. 21
K10331. 10E8539. 62 K10736. 94D9836. 00 R10860. 13A10637. 65

A10953. 65511 . 51 TABLE 5 Borderline Surface
C'Resi urggnajbg%#gcéﬁ’éi nHeavy Chai n EML64Kabat #Ave.

[14%] c . TEMEGAKepdsitAone of Anrine EB2B468 €618 3bnpared 18 the2463On0ing
P1226. 59P1429. 88 G1625. 20G1530. 87 D1725. 73S1725. 64

positions in human antibody sequences in the Kabat database (Johnson, G. and Wu, T. T.

(2001) Nucleic Acids Research, 29: 205-206). The antibody database management software

SR (Searle 1998) was used to extract and align the antibody surface residues from natural

heavy and light chain human antibody pairs. The human antibody surface with the most

identical surface residues, with special consideration given to positions that come within 5

of a CDR, was chosen to replace the murine anti-IGF-I receptor antibody surface residues.

D. PCR mutagenesis
[147] PCR mutagenesis was performed on the murine EM164 cDNA clone (aboye) to build

the resurfaced, human EM164 (herein huEM164). Primer sets were designed to make the 8
amino acid changes required for all tested versions of huEM164, and additional primers were
designed to alternatively make the two 5 r esidue changes (Table 3). PCR reactions were
performed with the following program: 1) 94 °C 1 min, 2) 94 °C 15 sec, 3) 55 °C | min, 4)
72 °C 1 min, 5) cycle back to step #2 29 times, 6) finish with a final extension step at 72 °C
for 4 min. The PCR prodﬁcts were digested with their corresponding restriction enzymes and
were cloned into the pBluescript cloning vectors as described above. Clones were sequenced

to confirm the desired amino acid changes.
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S2025. 37K1935. 06 R2436. 73K2331. 48 S2631. 00&630. 53
@Q732.29S3127. 12 S27A29. 78R56NA V27C29. 05T6827. 71
V29NA' T7024. 65 4234.92S7518. 80 K4532. 24S82B32. 87
S5230. 02P97NA R5429. 50Y99NA D7026. 03V1I03NA
R74NAT11125. 95 E7926. 64 A8029. 61 VI95E42.12 G10029. 82
K10331. 10 E10525. 78 Resi dues whi ch had average
accessibilities between 25% and 35% were further
anal yzed by averaging a subset of antibodies that had
TARDH 3le BORCplHimers nskdets Hilikink hngpaeizet @M364lentibodibe
residue in question. These borderline surface

nr\ci fi on and - theoir naow av.
P A=Al ] CATTOr C 1T 1 TIo vy AV O

ergge—accessibiities—are
pgiven. The NA's refer to Seguéges with no identi|cHEQID NO:
PHMERKi ng |resi dues in the 10 nost simlar antibodies.

Edi6400F €CUIAGARARICACICECA CERTCTANCTGGIGCABTCEa6ETES T al 1 23
wi t hi n 5 |adrcaAdRedrtadkcdhe nol ecul ar nodel above,

Emjenerabed CHATTCAG ATbCsctteareGpaskage, was anallyzed 24

Enle4lgedeel MO TARCCHCEAABLTSATTATAGTRSITANCSS were W t hi n2s

Erpl 6difvia  CHRAGATAMFACTCOCATITIATEAFGACCCAAACTCC 26
Eml 64lcl3 CAGGTGTACACTCCGATGTTTTGATGACCCAAACTCC 27
Eml64lcpl8 GACTAGATCTGCAAGAGATGGAGGCTGGATCTCCAAGAC 28
Em] 64licbgl2 TTGCAGATCTAGTCAGAGCATAGTACATAGTAATG 29
Eml 64145 GAATGGTACCTGCAGAAACCAGGCCAGTCTCCAAGGCTC 30
CTGATCTAC

Emi64a670ll GTGGCAGTGGAGCAGGGACAGATTTCAC 31
Eml64a67012 GAAATCTGTCCCTGCTCCACTGCCACTG 32
E. Variable region surface residues

[148] The antibody resurfacing techniques described by Pedersen et al. (J. Mol. Biol., 235,
959-973, 1994) and Roguska et al. (Protein Eng., 9, §95-904, 1996) begin by predicting the
surface residues of the murine antibody variable sequences. A surface residue is defined as
an a.m_ino acid that has at least 30% of its total surface area accessiﬁlc to a water molecule.
[149] The; 10 most homologous antibodies in the set of 127 antibody structure files were
identified (Figures 17 and 18). The solvent accessibility for each Kabat position was
averaged for these aligned sequences and the distribution of the relative accessibilities for
each residue were as shown in Figure 19. Both the light and heavy chain have 26 residues
with average relative accessibilities of at least 30% (Figure 19): these residues were therefore
the predicted surface residues for EM164. Several residues had average accessibilities of
between 25% and 35%, and these were further examined by averaging only the antibodies
-with two identical residues flanking either side of the residue (Tables 4 and 5). After this
additional analysis, the original set of surface residues that was identified above remained

unchanged.



the nurine EML64 anti body,
out side of a CDR should be changed to the
residues within 5 of a CDR are

counterpart,
treated with speci al

contribute to antigen specificity. Therefore,

but

al |

surface residues
hunman

care because 52 they may al so

t hese

|atter residues nust be identified and carefully
TARNE i4de15¢a del VeSidaloa d &mag@m@mmw(ﬁvera@%& thEhﬁrht and heavy
ch%arf&%ﬁé& eﬁ@és 3841 @ﬁut‘ilf‘(%gfzf acing conbine th

definition Tor heavy chain and Kabat deflnltlons
for the remaining 5 CORs (Figure 14). Table 6 shows
the residues that were within 5 of an y CDR residug
in either the |ight BMlAdsystacaResdussquence of the
EML 64 —rodet—TAB-E—6—EMed—ant+body—F+rarewerk-
surfauc cesi-gbiobtGhang » = oflly opR hﬁ%gicéﬂPface—
Resi dp&d16d; ¢ Higbabin lofve, Aegng || EMIRA. ¢ piiabalis g ov
D1T28L3R73 757U pao &89 Kals D0 EB1 @ 58.19
| dent Lfidatibn of t AhH&2 hionolSgoiis hd sitPBce
[ 151] | Caddi date hunman 8h#t® body $urfacesSfor| 34.36
resurfaciktng EMI63 wer eSp.0entlifi ed withi® the Babat
anti bpdy Lsequendé ddt absg® ugi nd. SR| sofitiwarie, 4ma2 ch
provi deddf or |t hegsearche.mg off aalyjspegifiled4s.esi due
posit| ong agai nei t he amBebody dat abases4 To psegerve
t he nat uikal 26 32.63 G 15 31.42

Q 27 34.35 K 19 34.41

N 28 36.38 K 23 31.23

P 40 43.05 T 28 36.24

G 41 46.56 P 41 44.01

Q 42 34.92 G 42 42.62

K 45 30.58 Q 43 46.85

S 52 30.40 E 61 46.68

S 56 41.46 K 62 44.87

G 57 42.41 K 64 38.92

D 60 45.96 R 65 40.06

S 67 38.20 K 73 35.92

R 77 42.61 S 74 48.91

E 81 38.46 S 828 32.72

\ 95E 34.83 S 84 35.21

K 103 31.10 E 85 39.62

K 107 36.94 D 98 36.00

R 108 60.13 A 106 37.65

A 109 53.65 S 113 43.42
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TABLESS

Residues which had average accessibilities between 25% and 35% were further analyzed by averaging
a subset of antibodies that had two identical residues flanking either side of the residue in question.
These borderline surface positions and their new average accessibilities are given. The NA’s refer to

pai rings, surface residues of both the |ight and heavy
chai ns were conpared together. The nost honol ogous
human surfaces fromthe Kabat database were aligned in
rank order of sequence identity. The top 5 surfaces
are given in Table 7. These surfaces were then
conpared to identify which of themwould require the

| east changes within 5 of a CDR 53 The Leukem c
B-cell antibody, CLL 1.69, required the |east numnber
rface residue changes (10 in total) and only two
of these residues were within 5 of a CDR [152] The

f ult—tengthVvarTabte Tegiron sequence for EMI6ZE Was

al so aligned again Kaka anti bod

daf abase and CLL 1%05&4\%2? agal tﬁrilégire(‘iﬁtgl fied asyt he nost
si ftar nuqﬁﬂﬁ&ﬁ%ﬁaole reglon SEQUENGE.,» ERPRTNET,

thesTer oRaparg 1 PRV 'gé”'i,[ Mi1gd | Fehoal ¥ | TIYE. Acc.

Led B=CE ant U5y St I-§9 ¢S the prete e
Chcin = PN e Ol o £ d neh AR 7
€ aS—a& tHYah ouadzuc T VIO TADCT 7 1 D
5 I'\lJ doanbnede avPYSEht ~Ad r e b hat An+3 ‘oo L
||||||| ASA™ S ACAR AR = T/ACT u.cuL T OTTIT C I[IC TXCoTy uaal hp O J
Mbst Boml odadus I—Iunraas- ti badv urfl ac Amti M o
‘. ™ T T vvvmv o T T T 7T\ T o9 ] Ot I OO U T0O T ”U\Joy T ylll.
ChainSEQI D Wa IMIEMEBZD T1 | q 30.87

CLLL1. ®aDVTI | BPEIRGDARERKR- 34 NES Q% 17 PPEOK_(@5-64RDKK

RA35 GDPI710305 SVRPGRE3BTES STDKKR- 36 | (83 PREVS IF8PER
GD | SRBKKR- 3724SShPBEV®.GPRPGIR G0 SREKR3R- 38 31.48

Antli bedyHeavasChali nSEG.0® NOJ| MUEML64Q2D A|LKPGIEB P GD
EKKRKOS SSEAS39 [CLL13%80QV A VKPGKKT B1GQ| OKQGK. 12
SSEQS40 NBLGEX0 [P LKBSFKKT P |[GK ®DKET 86 NNEQSA1 NA

COH5 710V AoMKPGKKT Bb 650 QKK £ SHEQE4 2 27.71
LC3aPR VAV PEIIFAIAKSSIEIS S 70 24.65
Q 42 34.92 s 75 18.80
K 45 32.24 s 828 32.87
) 52 30.02 P o7 NA
R 54 29.50 Y 99 NA
D 70 26.03 v | 103 NA
R 74 NA T 111 25.95
E 79 26.64
A 80 29.61
Vv 95E 4212
G 100 29.82
K 103 31.10
E 105 25.78

residues with no identical flanking residues in the 10 most similar antibodies.

F.
[150] The molecular model above, generated with the AbM software package, was énalyzed

to determine which EM164 surface residues were within 5 of a CDR. In order to resurface
the murine EM164 antibody, all surface residues outside of a CDR should be changed to the

human counterpart, but residues within 5 of a CDR are treated with special care because

Molecular modeling to determine which residues fall within 5 of a CDR
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SSbPB- QV A VKPGKKT P GQ (KQGE SSSEQS44 Ali gnnents were
generated by SR (Pedersen 1993). The EM 164 surface

resi dues that cone within 5 of a CDR a re underlined.

H. Construction of humani zed EML64 genes [153] The ten
surface resi due changes for EML64 (Table 7) were nade

usi ng PCR nutagenesis techni ques as descri bed above.
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In 5 of" a , t ues were

were not wt ese resi

: rin h n.| [l versions of
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defipitipns uasd Tar rgﬁlﬁ%ﬁ)g GRbing, #&Mééémj@a forhequahaig CDR2 and
were 54 retained as nurine. Together, these options
Kagefrdefiaitions Her the temainimg §i GORs (Biguicoly. FabIENSBAWs theatesidues that
were constructed (Figures 22 and 23). [1541 O the
wetowithin fref ez edCDRI8sidBsin eithesileight Or asy shdin $6URMBRSS the EM164
surface residues. The npbst conservative versionh with
mddegpect to changes in the vicinity of the CORis
version 1.1, which retained both of the nurine
surface residues that were within 5 of a COR Al four
i ' iznt
T 3 wh 0 a0 kB SRERO RE o e Ml S fr £ E0m
transi ent and stable transfections. TABLE 8 - Residue

changes for versions 1.%% gf hu ni.(%ed EML64
anti body Changes in al | B4 ‘anﬁ ¥ai n: nmuQis to
huP18;, nuS67 to huAGZ HeWMEAA A CRE o hyys:

muL1l to huvil; nuE6l kightehesn:| mideawy ehaihuds4; nuR6S5
to huGs5; nmuAl 06 to 1 4 _cfAahges Ui ght Chain
aa3l |l Light Chain aa#5Tot® 5A Mu | h&73 | mul |huMbuse
Res 1/1. OVRO T7 S74
: P40
Q42
K45
G57
D60
E81
G. Identification of the most homologous human surfaces

[151] Candidate human antibody surfaces for resurfacing EM 164 were identified within the
Kabat antibody sequence database using SR software, which provided for the searching of
only specified residue positions against the antibody database. To preserve the natural
pairings, surface residues of both the light and heavy chains were compared together. The
most homologous human surfaces from the Kabat database were aligned in rank order of
sequence identity. The top 5 surfaces are given in Table 7. These surfaces were then

compared to identify which of them would require the least changes within 5 of a CDR.
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ii.1LK2 x/1.2LR1 til1.3VI 1. Conparison of the
affinities of humani zed EML64 anti body versions wth
murine EML64 anti body for binding to full-length

| GF-1 receptor and to truncated I1G~1 receptor al pha
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Kabanmentd aitibots duebae ded €L 1N6Twhyadalil @AntisddE tRufioki §fhilar
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hufRRRAHES I Qi SR ATHERIE M Sethdll et &5uce *&H{E@E&kzo% identified the human
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LegiBRit B Rt BV RIT LB W Peprotirid st s G SEfeo e Mt
tagged truncated |G| receptor alpha chain. After

equild bration, the bound humani zed anti body was
TAR sci -e'gﬁetpﬁ%lgurgan sequences extracted from the Kabat database

e
goat - anti - human- Fab' 2- anti body- hor ser adi sh per oxi dase

conj ugat e. P @Txyo G drk ORI Frdinl ATivony sk

€U0 AD ) vs (ot 9 StHTa T2 et—7A0] ) ,—‘v"vh%C.
AL ol cabty i ohda st FEREPSE 0o i th sl ope = (KPBQIDNO:
MyEMISE I DV TAT T ey Ol Cne_Ku¢ DnérB EsBdXtB Beterning 33
CLEd 09 giDati e Laff PnPt Fe® Bf Gt ReRhBnBnKzEdRand nuring 34

MiliSbodile® S[ 1656] PAR 6xaQnisl &r P SoRpBt Kt KOR Assay is 35

CEiRomn i|m M guisevik. PAg bnrubos- 2HB BLKSA grplate was 36

Lcoaprd | W thsl@0plrob & @/ Alashrepkawi i g ger well ip 37

ST uEfa‘Y&_a@fEerPt at papbhept o hHeupgratyrg for 7 h. The g

— 7 B B Pt X ;_hﬁﬂn of
Alilpardyi rhg buffer (10 ng/ HeaBpBhiin TBS-T buffer) for|keomnNo:

MUEMMS hedovg th1. TBS & hut frep angl @ Rckbated s &a g 39

CPLOIbNY bab e al B Ip GEREPIOL &2, ROKPETc VLI d Pyepniaht 4,

HSLAC| 88 98l LSk GPRIRIPING c x pprkeTsNNE O s 41

CDP571 |[QQVAVKPGKKTPGQQKKGKSSSEQS 42
IC3aPB |- QVAVKPGKKTPGQQKQGKSSSEQOQS 43
SSbPB -QVAVKPGKKTPGQQKQGESSSEGQS 44

Alignments were generated by SR (Pedersen 1993). The EM164 surface residues that come within
5 of a CDR a re underlined.

H. Construction of humanized EM164 genes
[153] The ten surface residue changes for EM164 (Table 7) were made using PCR

mutagenesis techniques as described above. Because eight of the surface residues for CLL
1.69 were not within 5 of a CDR, these residues were changed from murine to hunan in all
versions of humanized EM164 (Tables 8 and 9). The two light chain surface residues that
were within 5 of a CDR (Kab at positions 3 and 45) were either changed to human or were
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indirectly captured biotinylated |G~ 1 receptor were
then washed and i ncubated with m xtures of humani zed
EML64 anti body (15.5 ng) and nurine antibody (0 ng, or
16.35 ng, or 32.7 ng, or 65.4 ng, or 163.5 ng) in 100
L bl ocking buffer for 2 h at anbient tenperature and
were then incubated overnight at 4C. The wells were

- retaitnre]gns vvasheﬂq?vgi hh TBS-T buffer ang i ncubated with
Joats AP meFaHE{Bss ORHeR raicgpe & dusrnized yrisinis of EM164
conjugate for 1 h 100 .tL; 1 ghnL in bl ocking
that ierg eqnstrugteq f%ﬁ)érﬁsg'sg/%%ﬂes and detection using
ABTS/ H2O2 substrate at 405 nm [157] The pl ot of
- [154] [ K uhelformhimeniakd vérhions) dretsiomenl BeoalAb) huriisn §irfaseirB8dues. The
Ab] /[ humani zed Ab]) yielded a straight line (r2 =
mostcdHenvativd VersibR RAth(respset 10 WHBAYE GHHAR i dinikHoE @@ersion 1.1
theretore ’

of 0.52. The humani zed anti body version 1.

i ' I han. di d .56
M T e PR BB Baids I et W L SR Bl four
| from.abput 0.5 to.0.8,. were _.obtained for ) )
rns S8 Bk A B e ¥ s intd o SpctBody prpaesgopplasmi (Figure
16 guman.i zed EML64 anti bodies wth nmurine EML 64
) In PFBdpnsigRt andwabigransfactipns | ength | GF-1 receptor or
to truncated 1G--1 receptor al pha chdin, which
i ndi cated that all of the humanized versions of EML 64
TABIA Budtppidueichangesrior aersicufsilad-1 e hunivindzed¥EVH 64lantibody
better than that of the parent nmurine EM 64 anti body.

I—AA oA 1 H
EM—64—ant+-bedy—wi-t-h—92F C

AThrmerrc—verston——of

nmut ati on in heavy, i n showed a slope jof about 3 in

a simlar bindi ngci%%‘gﬁ I ?@ls{eﬁ'{’ﬂsnuri ne EML64

anti body, which indicated that the 92F- C nutant of
Lightfhali§4mbats & harPig)| d hser todlupsnity than did nmurine EM

64 antibody for binding to | G--1 receptor. The
Heavip it meds DVLE4; vI . Orant4 B®OY11S hewed1 & hutis | @'muks4 to hugss:

i nhi _bi hiRes tohuG6F;- | il oatb db@hegr owt h and survival .

of MCF-7 cells as did the nurine EMG4 anii body

(Figure 24). The i nhhREM1BY Sharfgsg/m sti mul at ed grow h

and_ syr viNRichah sy 7 [CeT Lignd@¥HUmpt z8d EMLOF i 65

~_anti bgdypyasTst gl ar[ Tg they [ I pr T gy o M ouse Res

v1.0 EMLB4 [ant i bofly. 7 TABLE 9 R 0
V1.1 L K 2
vi.2 L S R y
vi.3 vV SLKeL 1

L Comparison of the affinities of humanized EM164 antibody versions with murine
EM164 antibody for binding to full-length IGF-I receptor and to truncated IGF-I
receptor alpha chain

[155] The affinities of the humanized EM164 antibody versions 1.0-1.3 were compared to
those of murine EM164 antibody through binding competition assays using biotinylated full-
length human IGF-I receptor or myc-epitope tagged truncated IGF-I receptor alpha chain, as
described above. Humanized EM164 antibody samples were obtained by transient

transfection of the appropriate expression vectors in human embryonic kidney 293T cells,
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Segnent Li ght Chai nHeavy Chain FRI 1-23 (with an
occasional residuel-30 (wth an occasional residue at
0) at0, andadel etionat 10 in Va, chains) CDR124-34
(wth possible insertions31-35 (with possible

i nsertions nunbered nunbered as 27A, B, C, D, E, F)as
35A, B) FR235-4936-49 CDR250-5650-65 (w th possible

insertions nu ered 52 5.7-8866-94 (wi.t .
and 5880y AR Rere dripantes b ERBA TR B RgERRY antibody
(W th _possible insertions95-102 (wth possible
standasctsr IE%E RE-Indbbedieglconapaiision an@gurgmntssrmmre@of Bumgyized antibody
100A, B, C, D E F, G H 1, J, KY FR498-107 (with a
" sanpdessandIveribns esrcenirdtDAs df MiunneaBM d asibdOp Kerelineutidsdd atith
nunbering systemis used for the Iight chain and heavy

indfEBaiycapairédbioBnyigetd Gl 1N YHORTR-T e8ptop br flye-cfitbpta@itll truncated

ver si ons of the EML64 Ab The am no aci d residues are

IGR Péé?}?tng% IhlﬁBQ 2{13% Ltlo@ L ] iahﬂbody v¥1as detected

Det e eg| ons accor | ng to position in

usify s Epi ot ?ryr%%ﬁ%eﬁvﬁm@%séy OaRPeh perogy f?m%-%‘ff (B of Gbound

1991, NIH Publication No. 91-3242 J. Process
mugpeAbY{baymd ymepizad ) v (muting AbHhvisraniaedi ARly Siich theoretioally

starting fromthe nmnurine and humani zed anti body
yieklegienghd dind et sloped= 06y ithahizef 4T Ha mbire adnivers vaed th detegmine the
nucl ei ¢ acid sequences of the anti-1G--1 receptor

reldive iabfadyl eddflth4 hamenizéd arilwarine &dibedidsant s were used to
devel op other antibodi es that have inproved

ORR 858§ Shottd i ohiRq 15 YaPBnAhlch BB ELISA
gl eggﬁ?é’.ﬁ?ﬁ??ﬁé%@&‘%caﬁsaﬁiﬁ’oved e e Eniloh BB BLIS

pla ncr I%Z%{%%aaf f L@Br k?% gg th‘gf séreptav1d1rne;§:e% RS i c2%EL B busfer at ambient

temperature for 7 h. The streptavidin-coated wells were blocked with 200 pL of blocking
buffer (10 mg/mL BSA in TBS-T buffer) for 1 h, washed with TBS-T buffer and incubated
with biotinylated IGF-I receptor (5 ng per well) overnight at 4°C. The wells containing
indirectly captured biotinylated IGF-I receptor were then washed and incubated with
mixtures of humanized EM164 antibody (15.5 ng) and murine antibody (0 ng, or 16.35 ng, or
32.7 ng, or 65.4 ng, or 163.5 ng) in 100 pL blocking buffer for 2 h at ambient temperature
and were then mcﬁbated overnight at 4°C. The wells were then washed with TBS-T buffer
and incubated with goat-anti-human-Fab',-antibody-horseradish peroxidase conjugate for 1 h
(100 pL; 1 pg/mL in blocking buffer), followed by washes and detection using ABTS/H,0,
substrate at 405 nm.

[157] The plot of ([bound murine Ab]/[bound humaﬁized Ab]) vs ([murine Ab}/[humanized
Ab)) vielded a straight line (1* = 0.996) with slope (= Kq humanized Ab/ Kd murine ap) of 0.52. The

humanized antibody version 1.0 therefore bound to IGF-I receptor more tightly than did
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effects of introducing one or nore am no acid changes
at various positions in the sequence of an anti body,
based on the know edge of the primary anti body
sequence, on its properties such as binding and | evel
of expression (Yang, W P. et al., 1995, J. Ml

Biol., 254, 392-403; Rader, C. et al., 1998, Proc.

Natl. . Acad. Sci. . USA 95, 8910-8915; Vaughan, T. J. et

muripe #Mi 6@ Sr,mbqaé(t §Pg§ﬁ| luse frshe gipdiens ,ral%‘gg £88)aboB80.5 to 0.8, were
[[159] In these studies, variants of the primary

obtziped oo egmpetitions efvergionet A: b, by anhasgifhgnidized EM164 antibodies
sequences of the heavy and |ight chain genes in the

- wittOmRfine EDREA 40061y fof bindagRwilk lensROICENE reclSoP6r BRhARSS4 IGR.I
such as ol igonucl eoti de-nedi ated site-directed

recoRraRBACRED, wWARASRibRed MU A0GARS h&n@%_&@%ﬁ%ﬁ{‘%@ﬁgﬁgﬁ antibody

ffling, or nutator-strains o [

, s . ure .Bi ot ec | ogy,, 16,. 535-539; .

had}gré_l;l]/a’:r aﬁm@’;ﬂ, gt Zﬁlgx?e’:re %@ég{teréﬁ%tﬁlgﬁ, or}]i[g? p%%pt INYHEL §M1f4 antibody.
in "Phage D splay of Peptides and Proteins ", Eds.

A cideeric Bersion REMI 64 andibadyp wiith 92PF63 Sjutationes BBt dhadsshBived a slope
changi ng the sequence of the primary anti body have

l. .t hrough the uyse qf standard screening . .

of a8 ih & Sirmitde K Ol tR i ngae BMLed enfTaadyonaiahyndicated

anti bodies (Gam H et al., 1992, Proc. Natl. Acad.

that Bed 92988, m@8nt c3EN6-185884 a BIgRNowE: affinit®thand i
Proc. Natl. Acad. Sci. USA, 97?Wld%01_%05%5?d%gégggyﬂ64

. d, .Ri.ec . L., 1996, I nzmunotechnolg)), 2,
entiycy R AR recebtog. Tht humrsersl B S/pH.0 AsHbody showed a
. 256, 77-88; Short, M K et al., 2002, J. Biol.
simigsz dpfibition pf IGH 3 e8ineated gromih ahdisweryivid o MICH-7 celRGR Hid the murine
Biol. Chein., 276, 27622-27628). [160] By a simlar
EMHi4rantibedy Gtigatedy Tie inhibitpnng seme-similafed gfdi RAndGh&ival of
residues of the antibody, the antibody sequences
MCB&sels bg BumBnité EM16Y €001 280b 5B \whEsi t gjgybq i i
anti-lgg- | receptor antﬁgggies %ﬁ?ﬁﬂ%ﬂgﬁg%e ﬂ&Pbynmnne
EMIgdngtibodye. such as antibodies having suitable groups
such as free am no groups or thiols at conveni ent
attachnment points for covalent nodification for use,
for exanple, in the attachnent of therapeutic agents.
K. Alternative expression systemfor nurine, chineric
and other anti-1G~1 receptor antibodies
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[161] The murine anti 1G~1 receptor antibody was al so
expressed from mammal i an expression plasmds simlar
to those used to express the humani zed anti body
(above). Expression plasm ds are known that have
muri ne constant regions including the Iight chain
kappa and heavy chain ganma-1 sequences (MLean et
al ., 2000, Mol bnmunol., 37, 837 59 845). These

TAﬁL %p1ds wer e designed to accept any anti body variabl e

glon such as for exanple the nmurine anti-IGF-I

receptor antibody, by a sinple restriction digest and

Sedrhéft! [TightACRAfn! 0nal PCR of THerea C‘h'aﬁ: T receptor
FR?"Tt s W’Wthuﬁl &‘tca ﬁaﬂ“é%%chl% 1230C Jc'agswnal res1due at 0)

estri ose 1n e expre

pl asni|d f} afz(?ﬁ’atlve approach for expreSS| ng
the ful A\Plﬁﬂ]ﬁ ne anti-1GFE-1 rgqceptor antibody was ta

CDRdp| ad@4t¥dwithpassiblsrisseatiansr e b8 (Withmieesiblsiinssrtians numbered
ant i - ||@Emberedas27dr; BaGi DbBd) |expfLsB) on plasnid. The
FRghi nerjizs-4xpr essi on plasm d ( fgguoe 16) was

CDReNSTTIagIzd USI Ng ~cassett es Tigp.q5githdosdbletndepiiRMambered
and fdr both the light and. hegyyq&rg@l@) const ant

FR%cgn ot 3_7_ tost—as—ttre—antibod g§ %Ogﬁﬁfé%%éﬁ?on%ﬁbeled

| oned o this expression pl ric

dLnncf separate-restriction Py s re—ysed-te
CDR3one [188- QJ@Vl@d?@ﬁlQ}?tmsreé‘gql’én s@éL Q%é‘&tﬁ Pppible fngpipns numbered
| i ght |okmibaredrad 9§AaBaCiDhER)y |es ABHMAD A&

FR#or ex&@8pl0d, (withanpassibienesertinbr |163Hhh3 RNA such as the
RNA desnnibteed Rai06Ah for clonilng of the anti-IG--1
TheXRbatRR TV erintattahliCustEBF 98 SightShith kit Hefivy cdintvahiitte region polypcptldes
of I JiffleErs viBiofs 6fahd BMesh AW, e SBfiu Qi esidavedrt grbh}(iedhﬂito Fhehework (FR)
and @ﬁ@knﬁﬁﬁaﬂ@@&erﬁﬁ&& Reglohe(CISR). actopding toaypition infe jABIPeptitz chain.

used to clone the constant region sequences and to
Takél Béth K abhiQt £16Sdglibiebs (PRraddiksQsf INRRMRAEidaDIdres FiftBdigon, 1991, NIH
PubflidaBigB0i ®-37320 the chineric anti-1G--1 receptor
anti body expression plasmd. This plasm d was then
used to express the fully nmurine anti-1G--1 receptor

J. antpedy df r§t'ﬂ ftﬁpﬁ@f@ﬁﬁﬂl&@ﬂ%&ﬁﬁd%tﬂ%&le@%Earfblhgfirom the
muﬁﬁe aha%u ntibd¥y- snggenzesehécmed herdiger s desi gne

[ one the erI ne const ant %I on
.I

[1 5$ﬂu rThveamxap @aldc@dsmamc acikfieapences phibe m% GE-1 receptor antibody

EM164 and its humanized variants were used to develop other antibodies that have improved

properties and that are also within the scope of the present invention. Such improved
properties include increased affinity for the IGF-I receptor. Several studies have surveyed the
effects of introducing one or more amino acid changes at various positions in the sequence of
an antibody, based on the knowledge of the primary antibody sequence, on its properties such
as binding and level of expression (Yang',-W. P.etal., 1995, J. Mol. Biol., 254, 392-403,
Rader, C. et al., 1998, Proc. Natl. Acad. Sci. USA, 95, 8910-8915; Vaughan, T. J. et al., 1998,

Nature Biotechnology, 16, 535-539).
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Muri ne Constant Region Priners Prinmer namePrimner

SequenceSEQ | D NO Ml gGl

C3endXTTTTGAGCTCTTATTTACCAGGAGAGTGGGAGA 45 GGCTCTT

Mil gG C5endHTTTTAAGCTTGCCAAAACGACACCCCCATCTGICTAT46

Mul gKap C3endBTTTTGGATCCTAACACTCATTCCTGTTGAAGCAT7

Mul gKap C5endETTTTGAATTCGGGCTGATGCTGCACCAACT(A8 The

prinmers were designed from sequences available in the
[15%abatthekatstttiasse v{rdatesfdhe pBnandadfibpdyThave bee @@ikrated by changing the

Nucl ei ¢ Aci ds Research, 29: 205-206). Statenent of

seqhiiees ot the heSly aHeidhy Bl BéiRes i eHe B ESCORD! OBREM:Samework
anti body vvas deposi t ed vvlth the Anerican Type Culture

reg@gl‘ lu%@ ’ ?:Eu%ﬁ)és 8§ﬁpﬁg§g€éﬁﬁﬁla§%§ap£{%§ reataggéng%s cassette
o 0 R TN b BB L 1

sent disclosure, the teachings of _which are hereb}/
et agalcﬂ?& Netw o Bictedmologry #%ﬁ%%égwgm DeBegt 2l 4996 £hapigr 16, pp.
reference. [165] While the invention has been
277 e i Bfuge Dision of PeptidesninchPragéins e Bde Kay, BpEcétfal.c Academic
enbodi nents thereof, it wll be apparent to one of

Pressyl Theﬂeﬂnéth@ds%ﬂchhﬂi@ﬁg thrse@Ltmice bothe @Sindfdl antibody have resulted,
nodi fi cati ons can be nade thereto w't hout departi ng

thrcfugﬁ Mhd B8 oTRIdhithrddReSing @&:h][u.ﬁgéﬁ % wnﬁ%v&fﬂﬁ%@leg'of ﬁlch secondary

' ynucl eoti de encoding a |1 n variab

mltltB?Xle%%%ﬁl%?g%EEg@gE%%ﬁ Két@ff%gég} Wg&%"fﬂsﬁt ia”&’er E.T.et

a1.,%50?ﬁ%§}? /Jcaéchz. US4, 97, 10701-10705; Davies, J. and Riechmann, L., 1996,

Immunotechnolgy, 2, 169-1’}9; Thompson, J. et al., 1996, J. Mol. Biol., 256, 77-88; Short, M.
K. et al., 2002, J. Biol. Chem., 277, 16365-16370; Furukawa, K. et al., 2001, J. Biol. Chem.,
276, l27622-27628).

[160] By a similar directed strategy of changing one or more amino acid residues of the
antibody, the antibody sequences described in this invention can be used to develop anti-IGF-
I receptor antibodies with improved functions, such as antibodies having suitable groups such
as free amino groups or thiols at convenient attachment points for covalent modification for

use, for example, in the attachment of therapeutic agents.

K. Alternative expression system for murine, chimeric and other anti-IGF-I
receptor antibodies

[161] The murine anti IGF-I receptor antibody was also expressed from mammalian
expression plasmids similar to those used to express the humanized antibody (above).
Expression plasmids are known that have murine constant regions including the light chain

kappa and heavy chain gamma-1 sequences (McLean et al., 2000, Mol Iinmunol., 37, 837-
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SNRFSGVPDRFSGSGAGTDFTLRI SRVEAEDLG YYCFQGSHVPPTFGGGTKLE

IKR (SEQ ID NG 9);

DVLMTQTPLSLPVSLGDPASI SCRSSQSI VHSNVNT YLEWYL QKPGQSPKLLI Y

KV

SNRFSGVPDRFSGSGAGTDFTLRI SRVEAEDLG YYCFQGSHVPPTFGGGTKLE

KR (SEQ ID NGO 10);

DVLMTQTPLSLPVSLGDPASI SCRSSQSI VHSNVNTYLEWYL QKPGQSPRLLI Y
845k\/These plasmids were designed to accept any antibody variable region, such as for

SNRFSGVPDRFSGSGAGTDFTLRI SRVEAEDLG YYCFQGSHVPPTFGGGTKLE :
examni{R thé SEQineRnNKDGFILk¢eptorantibody, by a simple restriction digest and cloning.

DVWMT QT PLSLPVSLGDPASI SCRSSQSI VHSNVNT YLEWYL QKPGQSPKLLI Y

" Addff¥onal PCR of the anti-IGF-1 receptor antibody was usually required to create the
SNRFSGVPDRFSGSGAGTDFTLRI SRVEAEDLA YYCF(}SIS PPTFGGGTKLE

resthgt%ﬂ atibtd Mth 1184 in e e@g@%'iéﬂ]ﬁiﬁér@ﬁt I de encoding a

éavy chaln variabl e reqgi avi'ng the sequence

epresented by SEQ LD NO 13: . . .
116 O B A RSO (8 SRS AE e R PR B easigs antibody
SNGRTNYNKFQGKATLTVDKSSSTAY SSLTSEDSAVYYFARGRPDYYGSS
wasdupeplago by perstant xogrons i ko, chgnerigsanti-IGE-I receptor antibody

expression plasmid. The chimeric expression plasmid (Figure 16) was constructed using
cassettes for the variable regions and for both the light and heavy chain constant regions. Just
as the antibody variable sequences were cloned into this expression plasmid by restriction
digests, separate restriction digests were used to clone in any constant region sequences. The
kappa light chain and gamma-1 heavy chain cDNAs were cloned, for example, from murine
| hybridoma RNA, such as the RNA described herein for cloning of the anti-IGF-1 antibody
variable regions. Similarly, suitable primers were designed from sequences available in the
Kabat database (see Table 10). For example, RT-PCR was used to clone the constant region
sequences and to create the restriction sites needed to clone thesé fragments into the chimeric
anti-IGF-I receptor antibody expression plasmid. This plasmid was then used to express the
fully murine anti-IGF-I receptor antibody in standard mammalian expression systems such as

the CHO cell line.
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TABLE 10 - Primers designed to clone the murine gamma-1 constant region and
murine kappa constant region respectively

Murine Constant Region Primers

Primer name Primer Sequence SEQID
' NO:
MulgG1 C3endX | TTITTGAGCTCTTATTTACCAGGAGAGTGGGAGA 45
GGCTCTT
MulgG1 C5endH | TTTTAAGCTTGCCAAAACGACACCCCCATCTGTCTAT 46
MulgKap C3endB | TTTTGGATCCTAACACTCATTCCTGTTGAAGC 47
MulgKap C5endE | TITTGAATTCGGGCTGATGCTGCACCAACTG 48

The primers were designed from sequences available in the Kabat database (Johnson, G and Wu, T.T.
(2001) Nucleic Acids Research, 29: 205-206).

Statement of Deposit
[163] The hybridoma that makes murine EM164 antibody was deposited with the American

Type Culture Collection, PO Box 1549, Manassas, VA 20108, on June 14, 2602, under the
Terms of the Budapest Treaty, as Accession Number PTA-4457.

[164] Certain patents and printed publications have been referred to in the present
disclosure, the teachings of which are hereby each incorporated in their respective entireties
. by reference.

[165] While the invention has been described in detail and with reference to specific
embodiments thereof, it will be apparent to one of skill in the art that various changes and

modifications can be made thereto without departing from the spirit and scope thereof,
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CLAIMS

1. A polynucleotide encoding a light chain variable region having a sequence

~ selected from the group consisting of:

DVVMTQTPLSLPVSLGDPASISCRSSQSlVHSNVNTYLEWYLQKPGQSPRLLIYKV
SNR_FSGVPDRFSGSGAGTDFTLRISRVEAEDLGIYYCFQGSHVPPTFGGGTKLEIKR
(SEQID NO:9);

DVLMTQTPLSLPVSLGDPASISCRSSQSIVHSNVNTYLEWYLQKPGQSPKLLIYKV
SNRFSGVPDRFSGSGAGTDFTLRISRVEAEDLGIYYCFQGSHVPPTFGGGTKLEIKR
(SEQID NO:10);

DVLMTQTPLSLPVSLGDPASISCRSSQSIVHSNVNTYLEWYLQKPGQSPRLLIYKY
SNRFSGVPDRFSGSGAGTDFTLRISRVEAEDLGIYYCFQGSHVPPTFGGGTKLEIKR
(SEQ ID NO:11); and

DVVMTQTPLSLPVSLGDPA SISCRSSQSIVHSNVNTYLEWYLQKPGQSPKLLIYKV
SNRFSGVPDRFSGSGAGTDFTLRISRVEAEDLGIYYCFQGSHVPPTFGGGTKLEIKR (SEQ
IDNO:12).

2. A polynucleotide encoding a heavy chain variable region having the sequence
represented by SEQ ID NO:13:

QVQLVQSGAEVVKPGASVKLSCKASGYTFTSY WMHWVKQRPGQGLEWIGEINP
SNGRTNYNQKFQGKATLTVDKSSSTAYMQLSSLTSEDSAVYYFARGRPDYYGSSKWYF
DVWGQGTTVTVSS (SEQ ID NO:13).
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