WO 02/ 100348 PCT/ US02/ 18748 -1 HUMAN MONOCLONAL ANTI BODI ES TO EPI DERVAL
GROMH FACTOR RECEPTOR (EGFR) Rel ated Applications 5 This application

cl ai ms prworatiyosu® U.S. Provisional Application No.: 60/ 2¢8/Us621878 | ed on
June 13, 2001, which is incorporated herein in its entirety by this
reference. Background of the Invention 1Q The EG- receptor (EGFR) is a 170
kDa type 1 transnmenbrane nolecule. |Its expression is found to be

upregul ated in many huna FSql i c i t he head and neck,
breast, colon, prostate, qf‘ﬁ%ﬂ“ Bﬁaﬁ@lﬁ;ﬂ)@%& $@I§Mrgp over- expression
is correlated to poogpghERMAL GROWTPH FACTOR RIFECEPTOR (EGERP4) Phar mac.
Therapeut. 64:127-154; Mdjtahedi, et al. (1994) Int. J. Oncol ogy
4:277-296). 15 Furthernore, its expression is frequently acconpanied by the
production of EGFR- |igands, TG--a and EGF anong ot hers, by EG-R- expressing
tunor cel | s Rehited Appligayddiss t hat an autocrine |oop participates in the
progression of these l1s (Basel ga. et .al 4). Phar . Thetapeut.

B4 127 184 Nodi ¢ ahedi TsaPPERteE £ Sty Bligi@g UL Hig)ision A ABisadi0yEP

Bl ocki ng t hé0i28847adilednn betewde A0GIu ohidhGE Ricoingaated hernih iEGFRtinetr kyf thise 20
can i nhi bitréfg@?% grow h and survival (Baselga, et al. (1994) Pharnmac.
Therapeut. 64: e'l7 154). Monocl onal anti bodies (MAbs) directed to the

| i gand- bi ndi ng domai n of EGFR can block the interaction with EGF and TG~ a
and, concomBagkgitopndioféhe lnygntiomt i ntracel | ul ar signaling pat hway. Several

muri ne ocl onal anti i haye i ieve h a
bl ock i Wi tro and mh@g%‘havreec%’\é(gr{gg}\%%) ﬁ%ﬁ' g??%igh@%%elﬁ?én%ggﬁ%ﬁgpg n%oégcgl?ef ect
t umor gr owt MtsieRpREIGEIsXEMRIOD dk tuprepdiate i Masyihumah téhors (ddGHg Eabieema oRes.

46: 5592-5598; Masui, et al. (1984) Cancer Res. 44: 1002-1007; Col dstein,
et al. (199%)heed ppd negkn brsastrgalon, prostate, fungz and ovapisenTheidsaissefcvelt one day

after the h L : £ j i
. ; fateli %o pdRHinRhl SrignRiN Eé? M ®h caci ous
in preventi Eg&?%s%@qgénggireha? Pon ?lrr} at%y%’%{% n(l!B(E:le 2Eé{sel S‘ag\,ﬁjet a .dc( 1994)
Phar mac. Thdhapeeit. 64642 7254; Noddjtahediioaren. & 994phemn J.i Onoebdgyd: 27172960 ce beari ng
establ i shed _hupan tunor xenografts, these nuripe MAbs (e.g., 225s and
528). caubed FHPGMSS PSP RO Srtgheli sromeried By the produEich or EGPR-

ligands, TGF-a and EGF among others, by EGFR-expressing tumor cells which

suggests that an autocrine loop participates in the progression of these cells (Baselga, et
al. (1994) Pharmac. Therapeut. 64:127-154; Modjtahedi, et al. (1994) Int. J. Oncology.
4:277-296). Blocking the interaction between such EGFR ligands and EGFR therefore

20 can inhibit tumor growth and survival (Baselga, ef al. (1994) Pharmac. Therapeut.
64:127-154).

Monoclonal antibodies (MAbs) directed to the ligand-binding domain of

EGFR can block the interaction with EGF and TGF-a and, concomitantly, the resultant
intracellular signaling pathway. Several murine monoclonal antibodies have been

25 generated which achieve such a block in vitro and which have been evaluated for their
ability to affect tumor growth in mouse xenograft models (Masui, ef al. (1986) Cancer
Res. 46: 5592-5598; Masui, et al. (1984) Cancer Res. 44: 1002-1007; Goldstein, ef al.
(1995) Clin. Cancer Res. 1: 1311-1318). When administered one day after the human
tumor cells, most of the anti-EGFR MAbs were efficacious in preventing tumor

30 formation in athymic mice (Baselga, et al. (1994) Pharmac. Therapeut. 64:127-154).
However, when injected into mice bearing established human tumor xenografts, these

murine MADbs (e.g., MAbs 225s and 528) caused only partial tumor regression. Co-



WD 02/ 100348 PCT/ USO02/ 18748 -2 adm nistration of chenotherapeutic agents
was needed to fully eradicate the tunors (Baselga, et al. (1994) Pharnmac.
Ther apeutwo64/14@%s 154; Fan, et al. (1993) Cancer Res. 53PC4ARB2/4328;
Baselga, et al. (1993) J. Natl. Cancer Inst. 85: 1327-1333). Therefore,
while the results obtained to date clearly establish EGFR as a 5 target
for i nmmunot herapy, they also show that nmurine anti bodies do not constitute
i deal therapeut.ic treat me tibodi es
general |y ¢ gy GisdERERm REERIT uel BHCRReLla DUT e it ene « ne
I mrunogeni ciByselph, SMMIEI9HNPhRAEE. eEherépB@tr opeRTi168; BOL 4. afldealftaﬁcaa{ésul ly
human. As a steﬁ t owar ds thlsq?oal chinmeric version_of the 225 MAb

(C225), in wRit172t4328nBesstgaasit tié&%ﬁ)\JaN?tétﬁ?élC?feI@Ftoﬁ% 13374343} i nked to human
constant regions, has raved
ant - turor activity ;AR A rBe el bt et L i POTR 24
vivo, this tamga fomnimmatitheeamd thaly almoghod@BQm(rﬁeladab@hes dcﬁﬁot&bnst(tﬂl@&ﬁ:)all cin.
Cancer Res. 1311- 1318). Currently 0225 i s .bein val uated in clinical
trials for ttheé%&eﬁféﬁegeafs \}\49568&%‘ t%@gntw %lrlrlfaa@t Fes gereralyy yigees.  (2000)
J. _din. ggk%er éléaéﬁ)ﬁs 1@%}?@1@‘3"1" o%rcﬁl%ggg)théb‘ﬂﬁhlundlg%n@ﬁgf motde SUppl  3:
187- 190, 20 Accor e need exists for 1nproved erapeutic

anti bodi es agabausds, thE@EEhtvdmshcbulénck:akky be Gitliyvtemzn. tAseastcmgw@mls/tbis goaleaenti ng

dosages. AnGPFER S OLEE P LMD (G7ashd" P FORG U R rePlegeBions

descri berh aQpvgnkedRNREhANSInsRRt leBRME aRs bAMNevBlopYd. aWdidle RI20RIeREBited £ € i N
many di agnostic and therapeutic a proaches to di seases and have becone

even nore atmpeoyed oufi-fugeoriastivity in thhseateeeiaf esigbbished seneasefh ey inyve hat
al | ow deve't}% rv{lga? ! Itllgf cffnevedyat rl?(ﬁ]osgg] ol?c(l)sqélﬁ Fﬁgﬁéﬁ@lﬁs ah %r ﬁ@é lb%CM

derivatives C tvvent Ive rugs ‘curreéntl Yy
under devel aprentCiuaredtl @295 &f bdikesaluatddein laﬁmlag tdeMéanp@dnaﬁ of &MGATs types

t herapeutics. Antibodies conmbhine target specificity w the capacity to
ef fecti vel yoéﬁ@ls{’g@nloh%( aggigmd. PPl lmn@nednkf: R4P1°88 Bﬁseég?eéé%‘{ﬂ)@;s@m es
and theiys | pl 1c3aI1 alerted researchers to the therapeutic
potentia o?ﬂgﬁtl %ﬂ?sbbhiggb ecently culmnated in the U S. Food and

Drug Administrati on @Emyh@bjp rtisveded ekissdoemgirowet therapéws ahtbodiesagamst
treatment. %%ﬁﬁ)w 12c/h]é(r)eogf e%tlegt/ tyesa(t)l%é :alig /gr8 preventing diseases related to
overexpression of EGFR when administered at low dosages, and which do not elicit
immune reactions in patients. As described above, monoclonal antibodies (MADb) play a
20 prominent role in many diagnostic and therapeutic approaches to diseases and have
become even more attractive agents with the recent adveﬁt of technologies that allow
development of fully human antibodies. Antibodies and antibody derivatives constitute
twenty five percent of biological drugs currently under development and many of these
are being developed as cancer therapeutics. Antibodies combine target specificity with
25 the capacity to effectively engage the immune system. The combination of these
properties and their long biological half-life alerted researchers to the therapeutic

potential of antibodies. This has recently culminated in the U.S. Food and Drug

Administration (FDA) approval of several antibodies for cancer treatment.

30



-3- Summary of the Invention The present invention provides inproved

anti body therapeutics for treating and preventing di seases related to
expressi owoak/16GHR, particul arly EGFR- expressing tunors aod/usar/ci7asrune

di seases. The antibodies are inproved in that they 5 are fully human
(referred to herein as "HuMAbsTM') and, _ghus, are |ess inmunogenic in
patients. The anti bodies are also therapeutically effective (e.g., at
preventing @r.Q / tion of EGFR-expressing cells) at | ower
dosages thaS .“é‘t‘?yu"uEE‘;ﬂFVé’“ﬁ?ﬁed for other anti-EG-R antibodies. In
addition, in certain Eﬁbpwsmnﬁx&mlbﬂnpmameishﬂgxioew blr&ﬂﬂdy&ﬁb@a;ﬁdd@fobene“t of
not activating_ conpli nent , hot induci ng enent nediated 10 lysis
of target cémmr)g amlRsﬁverlw&élé%asa%m%detogxaesew egEQFBquﬁgulﬁrﬂkEQEBm
Accordlngly L n ed
human rmnocl Sg%ﬁtt ﬁlb%psgﬂ m gé’%c ?cgﬁ é&%g{&gg@?r&hﬁ)ﬁ%%ﬂz%?}%? Ui

growt h f act are furlehem@(refelﬁeﬁlﬂ) heraﬁl aseHuMAbLYHRAS, thuD Ak lessnhmuiiogguone or a
conbi nati on of such antibodies., The human anti bodies inhibit (e.g., bl ock)

bi ndi ng of P& | Hheragbodigtare also therapeptigally efteetive (e %wenmgrew&np

b:)f%jl ng%of 4%@%%%@%%%%%%@ gg%ysj g'tlr’lb& c@ﬂ gééé pre 2@% ;P/éi)lr&etg%?t sin

t he prevent odrr adti-EGFR- amithodite dinceldition pratthingmbddahanrts, elde dntiadieahdviebodi es
of the invention iphihit_the rowth and/ or nedi ate the kil e.g.,
lysis or phﬁgec?é@F%B? it gf nQtaey ‘éa“é‘ﬁﬁP‘é‘EgF]ﬁat (EERROF m&iuwgﬁamaleme t é‘gwivo)
in the presengCoRireBUTRY) GhitR fddRbeCRIvbRe éﬁe-@ffect%hﬂiﬁ@fr@ﬂ&%@' ear cells,
nonocyt es, macrophages and dendritic cells), yet they do not activate
conpl enent nedi ated | y\‘pperdufgly,mebmeem}mdamemx@ﬁ@s@emcmvcnmoqam\ckﬂqsgwatednunran
nonocl onal %ntl bodi e nve d as dia

Therenourt o linap RtonSRog abifodiSoh Stksitally Bing S RiimaR sBERuR Basfn Hoer

her ei n, hunmgéepidt (@@plmeas eJtenhbeora JittvreRbh@misd éhd @@ cobfbihtion logﬁdﬁ)
anti bodi es havi ng a G heavy chain and a kappa |ight chain. However,

ot her ant i b@a@/qug%t Jﬂs‘églumae a’atll@@l%n@@ihﬁﬁé%g ehlols‘aly) hipding A{BAERJIgands, sedhiagi ng
9@, 9B, daGa 1@ |ohbrr! HPed e aia OB AR gk THEERIAY o oo

can be oI & ant e 'Drant i gen ndi ng a nen anti bodi es,

i ncl udi ng Fadhibitdd(t3hut Jedst D6ubrie.CI8A,BOBY, 41’0%190%166% 3@%I 80% B L draeL ey
enbodi nent, the human antibody is encoded hupan IgG heavy chai n and

human kappa and geferalyiresulisii e prexentin Q,fcﬁﬁblf sadipted callesdgrialing.

Preferred human antibodies of the invention inhibit the growth and/or

(

mediate the killing (e.g., lysis or phagocytosis) of cells expressing EGFR (in vitro or in

20  vivo)in the presence of human effector cells (e.g., polymorphonuclear cells, monocytes,
macrophages and dendritic cells), yet they do not activate complement mediated lysis of
cells which express EGFR. Accordingly, human monoclonal antibodies of the invention
can be used as diagnostic or therapeutic agents in vivo and in vitro.

In one embodiment exemplified herein, human antibodies of the

25 invention are IgG1 (e.g., IgGlk) antibodies having an IgG1 heavy chain and a kappa
light chain. However, other antibody isotypes are also encompassed by the invention,
including IgG2, 1gG3, IgG4, IgM, IgAl, IgA2, IgAsec, IgD, and IgE. The antibodies
can be whole antibodies or antigen-binding fragments of the antibodies, including Fab,
F(ab")p, Fv and chain Fv fragments.

30 In a particular embodiment, the human antibody is encoded by human
IgG heavy chain and human kappa light chain nucleic acids comprising nucleotide

sequences in their variable regions as set forth in SEQ ID NO:1 and SEQ ID NO:3,



sequences in their variable regions as set forth in SEQID NO1 and SEQ ID
NG 3, WD 02/100348 PCT/ US02/ 18748 -4 respectively, and conservative
sequence wodrfioisat i ons t hereof | n another enbodi nent, thechusazism i body

i nclude 1gG heavy chain and kappa |light chain variable regions which
conprise the amno acid sequences shown_iygn SEQ ID NO 2 and SEQ I D NG 4,
respectively, and conservative sequence nodifications thereof. 5 In another

parti cul ar inen man._ant | . L es Q i 8 or
an anti body?{gﬁgﬁl"gﬁ h%i%d %Orohg?lﬂ%rl%asﬁgu eenﬁf?g] g’élef?%{slg Set?lglj.ggﬁ cltélr?ppgfﬁgﬁsé@ﬁ%?%{gr has
the sane f udethupidl ankibodli ingludd Bg@béHAi chhinGnd &apptidhp obbin 2 Babldkeghons

anti bodi es of .the invention can be produced reconmbinantly in a__host cell,
such as a t Mudrcommisa theamyno agidseaicasesshown 1t 8hQi IR NQe 1d SEREPNP#zed cHO
10 cells or Vi I.ping: | e ¢ ds encodi ng the heavy
and |ight cﬁ%#%@ng& %Cgcogﬁ%#ivg%\gcsga%%cgg{bggitwélﬁlr)\%dﬁe| §%ct ly froma hybridonma
whi ch expresses the aht alnolehy patientpr embbdiatent, tied huoheen atiBodyetdrrespéralisned f r om
a transgeni ¢ non- n animal, e.g.,, a . transgeni c nmpuse, having. enone
corpr 1 s ng. SOt REa g Sesbec (i By dn e A SPTSRHANE £ SHBPEFRARHN fansgene
that encodephdi@e Atht BR|Mond] YifShd GhapdtedrdiTY dsahiiBed 2.1 ). In 15 a

particul ar enbodi nent, the antibodi es are produced by a hybridoma referred

to herein as 2F8 or bipnmanotbodied ¢f theinyention a@hibe peddured respmbimonttyra a

cont ai ni ng human,. heavy chai and, humap | i.ght chai n..nucleic id ich
Compr1 e nubb Botiduck bytntetee TR (T Tt SRR RL o RELAT I T
SEQ I D N@s: cdliedtdyphdcssipeslts) ¥ehtXinirthckadedsencbdifig tHibaty sal lignshdiher eof .
20 I n anot her enbodi ment, human anti-EGFR anti bodi es, of the present
i nventi on cahthsantibedyaer by pbteineddiresily firm adylbridama which grpisgich epnbpedst i es:
a) specifici t. : Dl ndi L Q- g W
equi |l ibri uml(éa' IS Iggl[cgtlﬁaglrl]&% r%s £ %%?ﬁal?%?rbglfga tg%gskée}{éés %{O% %ug’: %}?qau%lgarh
preferably aansgenick@isb}hhyinkCOebihe camprising @ himaphedar dialntranapaigtand @10 M 1
to 1011 M1 or higher;. c) a dissociatjon constant (KD) from EGFR o bout
10-3 s-1, pPEmaRis vha%&%gefs-ﬂ_z@t_gnaqdem @U&P_éxagr%tg% an ymgriglized c Iy Hoost
preferablsy, o1QxRubir dmbdinfehe tPintibbied e PPRR1EF By & hiBHidorBXREGRY 1§ Yerlefir R OF
e) the ability to inhibit growh and/or rnedi ate phagocytosis and killing of
as 2F8 or by a host cell (e.g., a CHO cell) transfectoma containing human heavy chain
and human light chain nucleic acids which comprise nucleotide sequences in their
variable regions as set forth in SEQ ID NOs: 1 and 3, respectively, and conservative
modifications thereof.
20 In another embodiment, human anti-EGFR antibodies of the present
invention can be characterized by one or more of the following properties:
a) specificity for the EGFR;
b) a binding affinity to EGFR with an equilibrium association constant
(K ) of at least about 107 M-1, preferably about, 108 M-1, 109 M-1, and more
25 preferably, about 1010 M-1 t0 1011 M-1 or higher;
¢) a dissociation constant (Kp) from EGFR of about 10-3 -1, preferably
about 10-4 s-1, more preferably, 10-3 s-1, and most preferably, 10-6 5-1;
d) the ability to opsonize a cell expressing EGFR; or
e) the ability to inhibit growth and/or mediate phagocytosis and killing of

30 cells expressing EGFR (e.g., a tumor cell) in the presence of human effector cells at a

concentration of about 10 ug/ml or less (e.g., in vitro).



30 cells expressing EGFR (e.g., a tunor cell) in the presence of hunman
effector cells at a concentration of about 10 g/m or less (e.g., in
vitro). Wo002h1dB@848 PCT/ US02/ 18748 -5 Exanpl es of EG-R- expruss®igtes t unor
cells which can be targeted (e.g., opsonized) by human anti bodi es of the
present invention include, but are not lLisdted to, bladder, breast, colon,
ki dney, ovarian, prostate, renal cell, squanous cell, lung (non- snal
cell), or head and ne r ) - S| [ hel ude
synovi al’ 5 1 brobi act CAaPBSgh 6 KPapiBRG iRt RE G (fesa I E.
exanpl e, asopsmiet) Behlugan antibodies bf dtpraseht iavemioh liidlides barde psetdimiasi 18,
respectivel¥. I n anot her enbodi ment,, human antibodi es of th fnvention bi nd
to EGFR anPladder: Ricast: calomiqqnsy s Qradamdrasiziegenal cel ,e%agem%soq?ih 1og (M, nore

preferably at.j @ﬁi?)g%r O?léh% éQ& Minbr 8L1s1 VeBet GFR &R Fre ﬁ?ﬁﬁ%l@de}?@gow&rﬂs

i nhi biting growt rating 10 phagocytosis an ing o e
expressi g EGFRIdsy cdisrand kefatieodytes wlath e3n e wped, fopetaymie, @k dargeticels inabe | s

(PWNs) , nDnocXtes %ﬁf MACr 0 haqesﬁ mﬁth.aq | G50 of about 1 x 10-7 M or
| ess, or at UEMPEAESATLLS SR BIOTIRSISESPESUYI M or less in vitro. In yet

anot her enbodi ment, hyRd R ehidRdinfht, Huntad@inti BYBEY dfQRe indBhtRIntbind to EGFR
EGFR-nedi ated cell signaling. For exanple, the anhlbodles can inhibit EGFR
an

ligand 15 @etigen wiiGmn effinirgFonsyant afieideast abauo pOdYphongteareforabbf ati@sR.  The

anti bodi es al s Jinhikig Ayt ocri ne E r TGE-a |nduced cel L. activation
o O e o AR BRI BLE MR S R Tnl i el BN R e Pbiafifh L 7t

human polgy mphadeeitesis @ad kitehg 6f celle bkmedsttipOhGFR P HREHN EGEROL atlsuglg, anmong
others, a bladder cell, a breast cell, a colon cell, a kidne cell, an
ovarian cel Polymqsphesuglear cells (PMRs), srpgiocies and magrgphagey avidean [Csq ofigbeu al |
ung cell, g 1020nPuneN! alo i oRkARL, SElHow AP AukEIALEgRYL e | anot her
aspect, the present Tnvention provides nucleic”acid nblecules encoding the

anti bodi es, or antigemn hétndbiher @abddinest, hethat firibodiee Bf theinvdrge® Mdikant
expression vectors which include nucleic acids encoding antibodies of the

i nvention, SGER-msdiatedee]l sianabing f kesesemplie; e snidbpdiescap iribia EGTR ligand
Shconpassed @Y, Hop drat) e aPyBlfodhoFAkAGHSr SRR Bt iR ARILRRH! e of
t he i nventi on by culturin SucC ?‘IOS‘% e , €.0., an expr essi on vector

conpri si ng @Hibie h@BErdeEGEGHEGFe GOt ddl dchPaticardr b ligdiR 19951@&9@‘(:% of
regions of the heavy and |ight chains of antibody 2F8 produced by the

hybri doma. E¢RReexpagssingecellagigbe presernge of hympn peliimormhenedearicsly. £ty whiele| | s
froma express EGFR include, among others, a bladder cell, a breast cell, a colon cell, a kidney

cell, an ovarian cell, a prostate cell, a renal cell, a squamous cell, a non-small lung cell, a
20 synovial fibroblast cell, and a keratinocyte.

In another aspect, the present invention provides nucleic acid molecules
encoding the antibodies, or antigen-binding portions, of the invention. Recombinant
expression vectors which include nucleic acids encoding antibodies of the invention, and
host cells transfected with such vectors, are also encompassed by the invention, as are

25 methods of making the antibodies of the invention by culturing such host cells, e.g., an
expression vector comprising a nucleotide sequence encoding the variable and constant
regions of the heavy and light chains of antibody 2F8 produced by the hybridoma.

In yet another aspect, the invention provides isolated B-cells from a
transgenic non-human animal, e.g., a transgenic mouse, which express human anti-

30 EGFR antibodies of the invention. Preferably, the isolated B cells are obtained from a

. transgenic non-human animal, e.g., a transgenic mouse, which has been immunized with

a purified or enriched preparation of EGFR antigen and/or cells expressing the EGFR.



transgeni ¢ non-human animal, e.g., a transgenic nouse, which express human
anti 30 EGFR anti bodies of the invention. Preferably, the isolated B cells
are obt aiwed2fioi3as a transgeni ¢ non-human aninmal, e.g., aPCTAISSYESTUE nouse,
whi ch has been i mmuni zed with a purified or enriched preparation of EG-R
antigen and/or cells expressing the EGFRg WO 02/ 100348 PCT/US02/ 18748 -6
Preferably, the transgenic non-hunen animal, e.g., a transgenic nouse, has

¢, Jenore OB RSP0 ARG AR D L,

transgene enco 1on O on. The

i sol ated B- @elhbﬁsﬂgehhﬁlﬁﬂ heavyrahainatdng@shetand amamadehgat ﬁﬁh‘l’t@a&lsg@eg:ncocﬁng
hybridoma) of hunan anti-EG-R antibodies. 5 Accordingly the present

i nventi on apd 6T pertioned ag aptbady of s 18KpHIsne Toe lsoﬂf’r‘ weliyasihin monocl onal
oS00 Sy A Deg RO it O L

enbodi nent, from a transgenic
non- humars ani nal, e. gAccardimgiy)sigepresnhwsitidrealsongroridgen byteridoaraurapsbla gf a

human heavy chain transgene a d a, human ht chain trans e encodi ng all
o ot T EHheiaR by Rbrogp G bDeT o Grlor aren Bod R Rt ol | Sod

cel | . Parti g my&%lemﬁn&& thd'BybridduRNhd18esia S beiebiMned nom trﬁﬁ%&rﬁ@r
aspect t he 1 nvention prOVI es a transgen|c non- human ani mal sSuc as a

transgeni ¢ moudem@alasinal.cf. @y 2 transgeniharaabhhawgnga gﬂlmm'omprmgcﬂrhumnpr ess

human nonoc onal ant.i bodi es that fi.cally bind to ticul ar
e boat ok ha eyt ARbmR Sl Rttt e i alart BofigBBEMh vt g
a genomg( caﬂmcjdsﬂdir@heamwﬁm Re@s aahsintorialidaB@HN Pastitihl2 hbiiddindsi Fhtke Chai n
transgene encoding all or a portion of an anti body of the invention. The

transgeni c #dentemmsludaZk8l can  be i nmunized with a purified or enriched
t f EGFR . f ly, th
preparation o an }r&%ﬂoﬁ@pés%ctctﬁg @regﬁérgéx%%deggn@@mc nofilehAR! Y €

t ransgeni ¢ non- human an ni c I's capabl e of
pr oduci ng rruhfmwﬂ)l@ch 904 ypesgent rﬂuma(nlsrm'efmﬂedm@heramtashddﬂuMAbt) whickR (e. g.,

I gG |1 gA and/ or J reconpi pation _and |soty e
switching. FYRESsIR! r%%m@mcg& ﬁﬁvlbaéleaf a5§Pe°\é'lany g@ﬁé%@ﬁéa’ Igp m&wuarass. cal
i sotype 155WehHBiitknt, the RAR 34 %&ﬁ& n&SREGEN aﬁlnfal ﬁraet%@% Mﬁﬁ%ﬂgel mm@raog@ngﬁé

met hods for produci ng uman nonocl onal anti bodi es h specifically
react with EGERisihg achuumaeﬂnbw aneimt transgdne and qthothan rlmghudlam uramgﬂnemqgimg
transgeni AR Qlf)nﬁlon of an anflbody%f 'the 1n£/ent10ng e[?le ?ransgenlc non-human animal can
be immunized with a purified or enriched preparation of EGFR antigen and/or cells
expressing EGFR. Preferably, the transgenic non-human animal, e.g., the transgenic
20 mouse, is capable of producing multiple isotypes of human monoclonal antibodies to
EGFR (e.g., IgG, IgA and/or IgM) by undergoing V-D-J recombination and isotype
switching. Isotype switching may occur by, e.g., classical or non-classical isotype
switching.
In another aspect, the present invention provides methods for producing
25 human monoclonal antibodies which specifically react with EGFR. In one embodiment,
the method includes immunizing a transgenic non-human animal, e.g., a transgenic
mouse, having a genome comprising a human heavy chain transgene and a human light
chain transgene encoding all or a portion of an antibody of the invention, with a purified
or enriched preparation of EGFR antigen and/or cells expressing EGFR. B cells (e.g.,

30 splenic B cells) of the animal are then obtained and fused with myeloma cells to form

immortal, hybridoma cells that secrete human monoclonal antibodies against EGFR.



nouse, having a genone conprising a human heavy chain transgene and a human
light chain transgene encoding all or a portion of an antibody of the

i nvent i orvowitim3as purified or enriched preparation of EGPRTArsv2/geems and/ or
cells expressing EGFR B cells (e.g., 30 splenic B cells) of the aninmal are
then obtained and fused with nyeloma cells to form imortal, hybridoma
cells that secrete human nonocl onal anti bodi es agai nst EGFR WO 02/ 100348

PCT/ US02/ 18748 -7 |In;ve an ther ect ies of the
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to 10 the ce or whichh bind to EGFR and to 0 nol ecul es or cells. In
a parti cul afargerbadityrefantibotie comjugates;, bn anqhmluircsesclﬁc biodgseteisf and fogion
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t her eof )10 amgk @11§Qﬁ®ﬂﬂcl@blﬂﬂh@EGFRﬂﬁlﬁlt$ bibef dhofediileadr &glsr eceptor, e. g human
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presenting cel | (APC) InFppiticalar gmbegdimente fhiciiavantian msludes pdespeeific Ofml ecul es
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anti body or hamanahii-BGFR heaibedy or fragmertohnfietic theegofaar dmmbndbﬁidm'gnti body
or a portion thereof (e.g., has a variable region, or at |east a
conpl enent aspesjfidbtier # Re rgeptegicdn uepr)EcrRben 4, ¥+ i IECOBon ghanathagn
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receptors, suelyas {*iRRerl dor %@ﬁﬁrﬂﬁnﬂﬁeﬁ"(aﬁtlgody':&%%ohaor?th%of (e.g. hasa
variable region, or at least a complementarity determining region (CDR), derived from a
20 non-human antibody (e.g., murine) with the remaining portion(s) being human in
origin).

Accordingly, the present invention includes bispecific and multispecific
molecules that bind to both human EGFR and to an Fc receptor, e.g., a human IgG
receptor, e.g., an Fc-gamma receptor (FcyR), such as FcyRI (CD64), FeyRII (CD32),

25 and FcyRIII (CD16). Other Fc receptors, such as human IgA receptors (e.g. FcaRI), also
can be targeted. The Fc receptor is preferably located on the surface of an effector cell,
e.g., a monocyte, macrophage or an activated polymorphonuclear cell. In a preferred
embodiment, the bispecific and multispecific molecules bind to an Fc receptor at a site
which is distinct from the immunoglobulin Fc (e.g., IgG or IgA) binding site of the

30 receptor. Therefore, the binding of the bispecific and multispecific molecules is not

blocked by physiological levels of immunoglobulins.



can be targeted. The Fc receptor is preferably |ocated on the surface of an
effector cell, e.g., a nonocyte, macrophage or an activated

pol ynor phwouwehesas cel | . I1n a preferred enbodi nent, the bipepasot/igr4@nd

mul tispecific nolecules bind to an Fc receptor at a site which is distinct
fromthe i munoglobulin Fc (e.g., 19G or.glgA) binding site of the 30
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portions thereof, preferably each of which binds to a distinct epitope. For example, a
pharmaceutical composition comprising a human monoclonal antibody that mediates

20 highly effective killing of target cells in the presence of effector cells can be combined
with another human monoclonal antibody that inhibits the growth of cells expressing
EGFR. Thus, the combination provides multiple therapies tailored to provide the
maximum therapeutic benefit. Compositions, €.g., pharmaceutical compositions,
comprising a combination of at least one human monoclonal antibody of the invention,

25 or antigen-binding portions thereof, and at least one bispecific or multispecific molecule
of the invention, are also within the scope of the invention.

In yet another aspect, the invention provides a method for inhibiting the
proliferation and/or growth of a cell expressing EGFR, and/or inducing killing of a cell
expressing EGFR, using human antibodies of the invention and related compositions as

30 described above. In one embodiment, the method comprises contacting a cell
expressing EGFR either in vitro or in vivo with one or a combination of human

monoclonal antibodies of the invention in the presence of a human effector cell. The



25 or antigen-binding portions thereof, and at |east one bispecific or

mul tispecific nolecule of the invention, are also within the scope of the
i nvent i orwolon/190ss anot her aspect, the invention provi des acmatShns7aor
inhibiting the proliferation and/or growh of a cell expressing EGFR,
and/or inducing killing of a cell expresgsing EGFR using human anti bodi es
of the invention and rel ated conpositions as 30 described above. In one
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T vitro o Menetah B ErERIRANS ARSEREG! 1DS of o By (CHREARELOGrhe

anti bodi es oélld dxprdssivig RGFRandrefieb®r pélesd eRoeexample, humﬁplee:foﬁaﬁhﬁg caBl I The
WO 02/100348 PCT/US02/18748_ -9 nethod can be enpl oyed in culture, . in
vitro or exc¥prgssineeE@iR aeepﬁf%ﬁtersceéléﬁﬁrP%M@lredcléwéo eiaﬁﬁeeelnﬁa“eem and
effector ce g EGFR
and effect o%ull %Bqdys&?eeﬁﬁggem%% %rﬁapegﬂ'%]ﬂ\)“ﬁ? ir?lg{ﬂo con%f@ea%vﬁgtéﬁﬁébp ant i body
of the i Mventultispecific naﬂeauh:tofgmmemmbrﬂgAﬂmmatmeiy,ttherredfod(aan be phiferpediifii ¢ or
5 nultlspeC|f|c nol ecul e of . the invention t he net hod can

be perf or med SPHeCtae 8y B RATE Of 31 15 vivoLe. gpé‘FetrgQ?P“%ﬂr Prﬁa{Wl@‘ng@‘ﬁOCOlt her apeuti ¢

or prophylactic) prot@ephse 159{wueeemﬂlehﬂan\alﬁf@vehh@@bﬂ@ieéas@éwa@éde&semmn of
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subj ects) a eut eff ve dosa es dos es 10 which
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injection and other routes of admnistration known in the art for

ant i body- bas&dRolusimigay spitablurents of pdpinigirationeh @f Hyecdionand ahesropfaseh can
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i ncl ude, but are not ted to, autoi eases and cancers. For
exanpl e, cancers whi chypmai RfeFRJrelateédisea‘ﬂ&éMim@méntm:dtedranﬂ/udﬁre&anemr of
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t he expressheirefted aflidél foy eRimb, fs6risecatiflamMathbry adivitis @ of, eGRia0sidor an
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20 In one embodiment, the patient is additionally treated with a
| chemotherapeutic agent, radiation, or an agent that modulates, e.g., enhances or inhibits,
the expression or activity of an Fc receptor, e.g., an Fca receptor or an Fey receptor,
such as a cytokine. Typical cytokines for administration during treatment include
granulocyte colony-stimulating factor (G-CSF), granulocyte- macrophage colony-
25 stimulating factor (GM-CSF), interferon-y (IFN-y), and tumor necrosis factor (TNF).
Typical therapeutic agents include, among others, anti-neoplastic agents such as
doxorubicin (adriamycin), cisplatin bleomycin sulfate, carmustine, chlorambucil, and
cyclophosphamide hydroxyurea.
To increase the therapeutic efficacy of human anti-EGFR antibodies of
30 the invention against cancer cells which do not highly express EGFR, the antibodies can

be co-administered with an agent which upregulates or otherwise effects expression of

EGFR, such as a lymphokine preparation which cause upregulated and more



such as a cytokine. Typical cytokines for adm nistration during treatnent

i nclude granul ocyte colony-stinulating factor (G CSF), granul ocyte-
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the following detailed description and claims.

Brief Description of the Drawings

20 Figure I is a graph showing competitive ELISA with hybridoma
supernatants from mouse 20241 versus murine monoclonal anti-EGFR MAbs 225, 528,

and ABS.

Figure 2 is a graph showing competitive ELISA with human antibody
25  supernatants from mouse 20242 and 20243 versus murine monoclonal anti-EGFR MAbs
225, 528, and ABS.

Figure 3 is a graph showing competitive ELISA with purified human
antibodies versus murine monoclonal anti-EGFR MAbs 225 and 528.
30
Figures 44, 4B, 4C, and 4D are graphs showing competitive ELISA with
HuMADs (A) 6B3, (B) 5F12, (C) 2F8, and (D) 2A2.



Figure 2 is a graph show ng conpetitive ELISA wth human anti body 25
supernatants from nouse 20242 and 20243 versus nurine nonocl onal anti-EG-R
MAbs 225y0928¢903a1d AB5. Figure 3 is a graph show ng conp@Crtises1€Es SA Wit h
purified human anti bodi es versus muri ne nonocl onal anti-EG-R MAbs 225 and
528. 30 Figures 4A, 4B, 4C, and 4D are gipphs show ng conpetitive ELISA
with HuMAbs (A) 6B3, (B) 5F12, (C) 2F8, and (D) 2A2. WD 02/100348

PCT/ US02/ 18748 -11 Figures 5A and 5B are graphs show ng inhibition of
EGF-biotin binding to EG-R by anti-EG-R HuMAbs and murine MAbs ( ELI SA
format). 5 Figure 6 i $igurey .ﬁépbncﬁB\Bm'ergjap}h‘shh@@viﬂgdﬂhlbftloﬁﬁffmf“@blbﬁn bindgigng to
EGFR on A431 cells by anti-EG-R HuMAbs .and nmurine MAbs. Figure 7 is a
graph showi HYESFRrEyangnEGFR AHNIA b mipripgMAhs (BEESA frgias. “10 Figure 8 is

a graph showng the ability of 2F8 to inhibit the binding of EG- binding
to purified and native EGFR The effect of 2F8 (dianonds), nurine 225
(squares)s, EGF (tri angligey 663 a praphshdwjGg ikalpipan bf BGYgeotwmbindiml t¢ BGHRet s) i s
measured on ing o -hiqtin to i, i zed EGFR. As depicted in
Fro 6. ore Pe Ak Sl g BAFE Hludbs Bnd M e REMFhg i t b an 150 of 17 nM
significantly |l ower than 225 (1C50 of 30 nM. Figure 9 is a bar graph
showi ng the ability of 2F8 to inhibit the binding of EG- and TGF-a to A431
cell's. A431 cells areFdgre Véda graphsiowiog sitraen efrintiek GbRdHuMAbg an &d4dbma and
express in exress of 1x106 EGFR nol ecules on their cell surface. Inhibition
of 2F8-bindfig"to A431 cells was determined using flow cytoneter analysis.

Cel|'s werge pre-incubated with either 5 (open bars) or 50 g/m (closed bars)

i gand before adding 2F8. Binding of antibody w thout |igand (PBS %roup)
was designated as 100iguwrAS ishewph sikepng e abdpty £f BF & wgitiighakmdingdt] s i s

efficiently | t cat ose
o110 Tyl B gl R, FOFK! e AL RS, iAo
(squares), EGF (triangles) or human IgG1 kappa isotype control (bullets) is measured on
the binding of EGF-biotin to immobilized EGFR. As depicted in Fig 8, 2F8 is able to
15 inhibit EGF-biotin binding with an IC50 of 17 nM, significantly lower than 225 (IC50

of 30 nM).

Figure 9 is a bar graph showing the ability of 2F8 to inhibit the binding

of EGF and TGF-a to A431 cells. A431 cells are derived from an ovarian epidermoid
20 carcinoma and express in excess of 1x10° EGFR molecules on their cell surface.

Inhibition of 2F8-binding to A431 cells was determined using flow cytometer analysis.

Cells were pre-incubated with either 5 (open bars) or 50 pug/ml (closed bars) ligand

before adding 2F8. Binding of antibody without ligand (PBS group) was designated as

100%. As shown, EGF and TGF-a binding to A431 cells is efficiently blocked by 2F8.
25 These results indicate that 2F8 binds close to, or at the same site, on EGFR as the

ligands.

Figures 104 and 10B show the effect of monoclonal anti EGFR on
autophosphorylation of A431 cells. Serum deprived subconfluent A431 cells were
30 treated with different antibodies (10 pg/ml) as indicated in the methods, stimulated with
either EGF (A) or TGF-a (B), and extracted. The EGFR phosphorylation was analyzed
by SDS-PAGE and immunoblotting with antiphosphotyrosine antibodies.



Figures 10A and | OB show the effect of nonoclonal anti EGFR on

aut ophosphoryl ati on of A431 cells. Serum deprived subconfluent A431 cells
were 30 tweabtad3wsth different antibodies (10 g/m) as i necratsedisss t he

met hods, stinulated with either EGF (A) or TG--a (B), and extracted. The
EGFR phosphoryl ati on was anal yzed by SDf PAGE and i nmunoblotting with

ant i phosphot yrosi ne anti bodi es. WO 02/100348 PCT/ US02/ 18748 -12 Figures 11
A, 11 B, and 11 C are graphs showing growh inhibition of EG-R expressing

tumor cell lines by anti-EG-R human anti bodi es. The EGFR- expressing tunor
cell lines A431 (A), Eired)11dBNRA N 46 Grdph} swmgigftﬁttbaﬁ}ﬁﬂit@n‘éft h
various concentrations of HuMAb 2F8 (squares), (triangles), 6E9

(crosses), EkR-paressingdumponshll sapy saudiGiie E’Bﬁ'@ P’éﬂb(’éﬁﬂ bTERFR¢open
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t he amount = of ter, seven (7) 10
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representative of three experiments perforired on di fferent days. Figure 12
is a graph Jhewafter, mmmamwwsmgqrb@dwldepﬁmdmgtof fixed c@ISI Uthar
cytotoxicit PVN were isolated as A43(]7)cel S

e pl at edPPseRBstEPRes PG B S8 M aRoNer & Pl i ek
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concentrations. After overnight incubation, the 51 O rel ease was

measur ed. 20hEidgtarepresent wipdicge apnswh@mthgmﬂmée speseret sreidliree experinfestsmat i on
by  HuMAb 2F r|ne nodel . Groups of six (6) mce were

i njected gﬁ@?ﬁ&&ﬁ%ﬁy@ﬁd e flank with 3 x 106 tunor ceI s in 200 pl
PBS at day zero (0). Subsequently, mice were injected i.p. on days 1 (75
pg/ 200 |), 3 (25 ¢g/200.1), and 5 (25 .tg/200 | arrows) vvlth i ther HuMAb
2F8 (cl osed squares) iigre de iyagraph lem&h‘z@a @egla&?)lrﬂ‘?‘é? Y(%‘;i’éﬁdem

circles)is ThedatGiAbGiciy dﬂy@&e%lm@% (tléémedvm@rﬁ%mjfué@%led%macreﬁs

repr esent atl ve of "3 I ndivi experinments, yielding simlar results.
Fi gure 14 i sveze glaghn Qﬁmlm@attbmtoenaldiesal’mwefe addech éfflata:taAdg8 ratiainor
xenografts lMO Hl’elllr\lﬂc?‘bant odlesnwerg ggcﬁ‘erd (al}fetrgnt rgélrrlcl:e?l rat?grltsl A Cgf§vmh{ m225). Mce

incubation, the *'Cr release was measured.

20 Figure 13 is a graph showing the prevention of tumor formation by
HuMADb 2F8 in an athymic murine model. Groups of six (6) mice were injected
subcutaneously in the flank with 3 x 10° tumor cells in 200 ul PBS at day zero (0).
Subsequently, mice were injected i.p. on days 1 (75 pg/200 pl), 3 (25 png/200 pl), and 5
(25 png/200 pl) (arrows) with either HuMAD 2F8 (closed squares) i.p. of human IgG1-k

25 MADb as a control (open circles). The data are presented as mean tumor volume + SEM,

and are representative of 3 individual experiments, yielding similar results.

Figure 14 is a graph showing the eradication of established A431 tumor
xenografts by HUMAD 2F8 in comparison to murine anti-EGFR MAb (m225). Mice
30 were injected subcutaneously in the flank with 3x10° tumor cells in 200 pl PBS on day
zero (0). At day 10, mice were randomly allocated to treatment groups and treated on

days 12 (75 pg/200 ul), 14 (25 pg/200 ul), and 16 (25 pg/200 pl) (arrows) with HuMAb



30 were injected subcutaneously in the flank with 3x106 tunor cells in 200
pl PBS on day zero (0). At day 10, mce were randomy allocated to

t r eat mentwgrooups4@nd treated on days 12 (75 pg/ 200 1), 12craSogi2ed |),
and 16 (25 g/200 |) (arrows) with HuMAb WD 02/ 100348 PCT/ US02/ 18748 -13
2F8 (cl osed squares, 2F8 short-ternm) or-ywth nurine anti-EG-R MAb 225
(closed triangles, n225 short-tern). Furthernore, groups were included
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i ndi vi dual &udéAb aEHPEM295 en dayid2.siontinugd hyésiuug/%(? B HeMAdy 3¢y m323dincat e

treatment d for t tergptr nt, open rows. i ndi cat.e treatnent
Hoye TTor 1 AEPS 142061 P8 MY bo B b ! U TR coBR0 AR NP Rl 6
sequences 0m228¢ongFiérmpthedatd &¢ipadientedl a2mBauntor volithe €gEM) andesi gnat ed.

Det ai |l ed Descriptign of the . lnvention The present invention provides novel
ant i body- ba&gesenat ¥pielindprdual sxperimantsayickdieg similghtssilty Bip

characteri zegd: 1 j - j ' I
arowt 1 act aicte FERRERSIRDRfor bRl oo A8 ¥ L op B RE RS oty llea A ERT
of the i nvelidrthnloagpéraytregmeat ed hurman | gG nonocl onal anti bodi es, or

anti gen-binding portions thereof, which bind to an epitope present on EGFR
O her isolated human nonocl onal anti bodi es enconpassed by the present

i nventi o i nclude;gPed 0% ad B3R thow BEsedudhbes 3 the GR AV, RRPIAS of 28 ANE
enbodi ment, the human anti bodies are produced in a non-hufan transgenic
ani mal , e. gCDRragramdgagiatediouse, capabl e of producing nultiple isotypes
of human nonocl onal antibodies to EGFR (e.g., 1gG I1gA and/or IgE) by
undergoi ng V-D-J reconbi nation and isotype switching. Accordingly, aspects
of the invemetfiRd Destriffomnef theInyemtigd bodi es, anti body fragnments, and 25
phar maceuti cal compositions thereof, but al so non-human transgenic ani mals,
B-cells, host cell tdappfesentameationprpvidesnpddaasbathrasedihernies feronocl onal
ant i bodies. . I i I e | [ 0 detect a
cel | explﬁeséﬁe%{g{g%%g%l%mgﬁé ?%F%{aggﬂ? %drt%gng?)rgaegﬁe%/%&blp g%,{\}[%ﬁfahg@y %rr recept or,
or to inhi biekprgssooat, bf epdddriral grotwtiatdacan revegion antigamt(tdferrad wfheseicsd TE@RPTNHESSI Ng

EGFR, either_in vit r in vivo, are also enconpassed o
I’Theraples 0 t?le ?nvengon emponafso ated ﬁuman ngrrRaonoce[ona?%ntlbodles, or

antigen-binding portions thereof, which bind to an epitope present on EGFR. Other
isolated human monoclonal antibodies encompassed by the present invention include

20 IgA, IgG1-4, IgE, IgM, and IgD antibodies. In one embodiment, the human antibodies
are produced in a non-human transgenic animal, e.g., a transgenic mouse, capable of
producing multiple isotypes of human monoclonal antibodies to EGFR (e.g., IgG, IgA
and/or IgE) by undergoing V-D-J recombination and isotype switching. Accordingly,
aspects of the invention include not only antibodies, antibody fragments, and

25 pharmaceutical compositions thereof, but also non-human transgenic animals, B-cells,
host cell transfectomas, and hybridomas which produce monoclonal antibodies.
Methods of using the antibodies of the invention to detect a cell expressing EGFR or a
related, cross-reactive growth factor receptor, or to inhibit growth, differentiation and/or
motility of a cell expressing EGFR, either in vitro or in vivo, are also encompassed by

30 the invention.



30 the invention. WO 02/100348 PCT/ US02/18748 -14 In order that the
present invention nmay be nore readily understood, «certain terns are first
defi ned. wodrhoomal definitions are set forth throughout the/vsdeisus ed
description. The ternms "epidermal growh factor receptor,” "EGFR " and
"EGFR 5 antigen" are used interchangeably.herein, and include variants,

i sof orms and species honologs of human EGFR I n a preferred enbodi nent,

bi ndi ng of an ant | bodyy Bfack iyl BYRRiAfkrkBo LS tEGFR: A0 SRaLORLB ¢ the

grow h of cells expressing tuno irtrrig or

bl ocki ng bi néhta’igtelﬁlslﬁﬁ:ﬂﬁst defed. AddHEGRR. de]'lln&xoheamset foahRtougizuud the
enconpasses al |?ﬂ(& physi ol ogi cal) ligands for EGFR, including EG-, 10
TGr-a, hepadfialed desCHBI®E ( HB- EGF), anphiregulin (AR), and epiregulin

(EPI). In another preheidad <gHR a”ngwth'?édi‘&lrQ& pBr A P BRIVEQER  he

invention to the EGFR- anti gen rredl es effector cell phagocytosis and/ or
killing &f enfliges’ emseémtngh&@&lyhsreusenld hehde variams iscfomms'and lspéyiitss

T e

anti body as j&RRRéH fkht EGHRCardgeWikhibits th@@ro%lﬁ'@f@&ls'ex?& sih@ EGPRI@Gt, aMi th an
anti-EGFR anti bOdéﬁ)% g the 1nhibition of growth a cell by at | east

about 10% tymogce mgo%loao% bindag @@%Fmb%ndgg%GFd% Tle0esm As used

herein, the. [ |b| bi ndi rring
to i nhi biti oﬁﬁ Egﬁcﬁm ng ‘o Ssgls n1|E|eg é@%l’g ?glgaqﬁ%gat%ds %’é—%l: rlrécqﬂcgg%t%e

i nt er chamgeqigpyag aﬁﬁ%ﬁﬂmﬁgSEGp HB P@F}, b ﬁté'gilhﬁ AR &drfd epiregulin (EPI).

i nhi bi tion/ bl ock?liril% The inhi b?tl on/ bﬁl OCE of A G%R | i gan% to( E R

preferably uae@b@rayef@rreélen@p@menb birkingaof an| a@v pdyort th;e,/pé/e@tﬁon:telﬂhe EGHRal i ng
that occurs m(%:ﬁes éf@ I:[lcgjr ll 8%%&0%051 )M or }th r}gJo ceﬂs exp&%sass rEQ%IfIQ' ocki ng.

!
| nhi bition an(':lgebl oc are a o I nc e an

decrease in the bindi mguaéd haemqytmfterﬁﬁﬁ&lbitggxrwnm’t)(el@cafr&evdmolcellgqsat act 25
with an anti-EGR anti body as conpared to . the |igand not in contact vvlth an

anti- EGFR &wendsddy mc}yd@ anyfrrf-‘éswlae KEGigasen ﬁ@gn@‘mhgﬁﬁcfs% Ivhepepptagigd Htith) east
about 1000  20%; erre%ﬁ% éQc@m&Qe@ %gee/(gro&ﬁ%f&@" mg%e/ ne{mﬂcg&{etm&? term

"anti body as re er elrn i nc ol e anti es an any ant i gen
bi ndi ng fr agment- E(GF.}bar;tlbbdyn,te g ethe mbiting opgrowitioof § cal bysatdedseateinail 0ot her eof .
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 99%, or 100%.
As used herein, the terms “inhibits binding” and “blocks binding” (e.g.,

referring to inhibition/blocking of binding of EGFR ligand to EGFR) are used

20 interchangeably and encompass both partial and complete inhibition/blocking. The
inhibition/blocking of EGFR ligand to EGFR preferably reduces or alters the normal
level or type of cell signaling that occurs when EGFR ligand binds to EGFR without
inhibition or blocking. Inhibition and blocking are also intended to include any
measurable decrease in the binding affinity of EGFR ligand to EGFR when in contact

25 with an anti-EGFR antibody as compared to the ligand not in contact with an anti-EGFR
antibody, e.g., the blocking of EGFR ligands to EGFR by at least about 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, 99%, or 100%.

The term “antibody” as referred to herein includes whole antibodies and

any antigen binding fragment (i.e., “antigen-binding portion”) or single chain thereof.

30 An "antibody" refers to a glycoprotein comprising at least two heavy (H) chains and two
light (L) chains inter-connected by disulfide bonds, or an antigen binding portion

thereof. Each heavy chain is comprised of a heavy chain variable region (abbreviated



30 An "anti body" refers to a glycoprotein conprising at |east two heavy (H)
chains and two light (L) chains inter-connected by disulfide bonds, or an
anti gen bwodiengporti on thereof. Each heavy chain i s conmpcrasd2/of74@ heavy
chain variabl e regi on (abbreviated WO 02/100348 PCT/ US02/ 18748 - 15 herein
as VH) and a heavy chain constant regionjsThe heavy chain constant region
is conprised of three domains, CHL, CH2 and CH3. Each light chain is

compri sed of ., As'\gﬁ;%n%%avﬁeﬁal EUREMAD, (RS BhadDBLAL R VD) and

a light chain const regl o aln corrs regi on
conpri sed otompésed@fatirte d(@hami KH{MﬂlHﬂlﬁthlHS Eﬁ@ibglﬂchan 15bébnf1pﬂsbﬂl6f a

subd|V|ded|ntoreg|ons of .hy variapility, ter | ementarity
det er ni ni ng ls@gqhawsvapeﬁpe)regl?rhfagﬁ r%ﬂ@ﬁV.lé@fq@ﬁélgbﬁ&%w&stﬁWégwn

conserved, ?t Jhﬁﬁ%‘ﬁ’s’lﬁﬁ‘t rE%Sh ‘i”é’&m(ﬂ: Rd o FRUMAIAREL . Vind $HCRIRASEd Of

t hree CDRs an our FRs, arranged fromamno-termnus to carboxy-term nus
in the foll cagiong con delfurtHéRisqbdGDﬂ&d infeR2gio@ORPhyfeRBrialDRB terfiRd. The vari abl e

regi ons of e heavy and |i ht C ntain ndi ng.,donmai n t hat
nPernot o weemplsenan i te it Mo R, BiRLR i B ne REHE sty
medi ate t hec&hs@@lﬂeﬂ,@leﬁﬁe&ﬂﬂﬁné%ﬂé@é@bm‘l‘k NEL& VACSH VI, M%o%d dfagpfegr s,

i ncluding various cells of the inmmune system(e g., effector cells) and

the first c@rﬁi’sﬁr@dtfov@d&ﬁ) adnger drogh avyioctaimisuhisl carhony- -teyry nemin th?he term
ant! gen bi g e%oxﬁigr OIQRI (Hl)eﬁgrﬁq (ﬂﬂgy 1:(Rcf},r Cﬂlﬁph@ %’111% VQI‘I&?C re%lonﬁtl body

portion"), ein o one or’more’fragments o

that retiai ntﬁd}eavﬁmd lighy ch£n§&ﬁﬁdlﬁ h@&idmég &diridin tieat &terasth l»\gﬂarhn(a@n%en HHFR) .

It has been shown that the antigen-bi function of an anti body can be
per for med b§omstasg rRiAns Oéfhea?nflbpqhe# @mgfrwdlaéﬁwtbp lhawing abthedspayneglobylinde ng
fragnents e r

anti body i n@?&g’@ ﬁ%§%ﬂfa\é19§% rp;hw& szrfdﬂg Cgrrlt'i)%%f\g/{g tanrl]@hl%d%@ G%O&%Str?grcgltl ng of
the VL, VH, aﬁltlmrfdst@ldﬂnpdmm(@kl) of the)claasﬁ:(la:bm))krrﬁdna@mmm a bi vaI ent

fragment conprising t Fab fra ts |inked b S flde t the
hinge region; (iii) ﬁgﬁ?r‘fﬂr éﬁﬁﬁgﬁgeb %H%P%‘F‘loﬁg ?mi“ﬁ@ (O SHRA 2 rgﬁ’ﬁ’ayns

(iv) a Ry fb@ﬂﬁﬁ"bt a§1§>§8§ 'héﬁelrﬂgefel@,fto Bﬁ@o%o@rfgag\rﬂén%%f%h'&ﬁtl&idyafhﬁ'raglneth@r m of
an antibody, (V) f ragnent (Ward (1989) Nature 341:544-546),

whi ch consi gbidityofo Saeqrﬁbﬂlofrmmﬁo @erlltlgﬁm Qe @;EGEB) alt beb Benshomph thatthear ity
R e R R T
using reconRtikvag! BXBMPRIST blhmn@ tfa)gﬁieh@tdneoxhparsk@r withiattheRah!" agigehem t o be
mede as a s Iblnn I1neg portion" of an antibody include (i) a Fab fragment, a monovalent fragment
20 consisting of the VL, VH, CL and CH1 domains; (ii) a F(ab') fragment, a bivalent
fragment comprising two Fab fragments linked by a disulfide bridge at the hinge region;
(iii) a Fd fragment consisting of the VH and CH1 domains; (iv) a Fv fragment consisting
of the VL and VH domains of a single arm of an antibody, (v) a dAb fragment (Ward et
al., (1989) Nature 341:544-546), which consists of a VH domain; and (vi) an isolated
25 complementarity determining region (CDR). Furthermore, although the two domains of
the Fv fragment, VL and VH, are coded for by separate genes, they can be joined, using
recombinant methods, by a synthetic linker that enables them to be made as a single
protein chain in which the VL and VH regions pair to form monovalent molecules
(known as single chain Fv (scFv); see e.g., Bird et al. (1988) Science 242:423-426, and
30 Huston et al. (1988) Proc. Natl. Acad. Sci. USA 85:5879-5883). Such single chain

antibodies are also intended to be encompassed within the term "antigen-binding

portion" of an antibody. These antibody fragments are obtained using conventional



protein chain in which the VL and VH regions pair to form nonoval ent

nol ecul es (known as single chain Fv (scFv); see e.g., Bird et al. (1988)
Sci ence WD:042@3426; and 30 Huston et al. (1988) Proc. NatlcT/thozmk74$5ci . USA
85:5879-5883). Such single chain antibodies are also intended to be
enconpassed wthin the term"antigen-binggng portion" of an anti body.
These anti body fragnents are obtained using conventional W 02/100348

PCT/ US02/ 18?4:§3m1 udSkrdoa B! éﬂ(?sgr th Skl j[r{/tﬂe%ﬂ aﬁﬁ et}%s grg M hre! SBreb R BF {mh nd

t he fragrrents are SCreene manner as are I nt
anti bodi es. ifthe stme maheg atsmpaaihtaveamﬁ)odiepr otein determ nant capable of

specific binding to ant i body. ,Epi topes usual | y. consi st cally
active surface groupi ﬂg‘gt crg: 6‘?“%}661 é"g Spgﬁ‘é‘H%ﬁ r‘é?ﬁ%b“ﬁ@@ﬁéﬁﬂ“ fgar side
chains and %ﬁiﬂ%éﬁéaﬂ%ﬁb&d&ﬁ%ﬂlﬂoﬁﬁﬂh@ﬁy SiIRnsf &i&ﬁhca?ltyra'dﬁ{/éjﬁﬁface groupings
characteristics, as well as specific charge characteristics.

Conf or matd om&molasgles emhcﬁsfamlmwdmn sugy s 1ra|aed dsmlllyrhgm sieedicithreehat t he
binding to the f%rf’re g lﬁ ) atter1 ?} 11 hl? res nce of

denat ur i ng SEPSSIAnE! StHgRITel ?ﬁamﬁflgbcét?sf‘f’% ?fsoﬁpg%l F ghargg chigradd ﬁsto i ncl ude
any agent, @oaformatiodd) aid AéRloRforPaRdriall€pitapes We@iﬁﬁn@u@nedqﬁnhat@e &ﬁdﬁaig ex,
whi ch has two different binding specificities. For exanple, the nolecule

may bind t othesformen bat aet thadatisr 1s(last imthegresenesr afgepaturipg sojeentand (b) an Fe
receptor on the surfagg.Q a%ﬂ@}&ﬁféﬁ:ﬂ{ec%%"hs nTJ?l e&ﬁ{ﬁbmﬂwa‘g&

nol ecul e” or "heterospeci ecule™ i's int ed to1nc dgent
e.g., a Jrotpedtein, pqpﬁﬂélcxﬂ@rotailh opIp@;bt&jertoﬁfpquep/ﬂlldﬂdlaemﬂéferemhlrﬂmghas nor e
than two differ nt b| di ng lslecf|C|t|es For exanpl e, the Iecule may
bind to, or SPeftiaGites: mﬁamlz &)themolgeplegniay biad to, ghinigar Wit (a)grFeR sureteept or

on the surf %ﬁfr‘ fan@ bl IBCHeLL t&EArJ the Qﬂ‘flac@%k a@Eff&&é’tséello r’l?le%rnle ulﬁ%@?&i’aent

Accordingly, el nvent| on i ncludes, is not limted bi speci
trispecific mqletu&eéméh@témspecafwdnolehdc" immhﬁ:m@ﬁéc irfclwleraply eguit,eesg whpoteiar e

directed to cel surface an ens EGFR,., and t r. t.argets,
Suen ae e pEgs, of Hols G RBIEFReER S Rasiire ot Rt fipdift

anti bodi gs' sﬁé&ﬁblhékd%‘ﬂ%ﬂpléhﬁgh@%cuBmw% AF terBEtUALE 4), a&ll%ﬁﬁﬁdefl c
anti bodies in which the VH and VL donmi ns are expressed on a single

pol ypept i de agtgann(b)soiFcuedentyr anithaetace pban gffectas selbro (c)ray leapt ang otlsr
pairing bet ‘é’&% ?eAgédeﬁ{ {h'éﬁm?e%nwggm b%Pf&'nQ)t n{x{]‘t%&‘? %lslp%ﬁ&”g the

domains to pal Fementary n and creating
two antigen tthlspl@dlﬁlgeﬁastpeslﬁéﬁz&ﬂ other multispecific molecules which are directed to cell

surface antigens, such as EGFR, and to other targets, such as Fc receptors on effector
20  cells.
The term "bispecific antibodies" also includes diabodies. Diabodies are
bivalent, bispecific antibodies in which the VH and VL domains are expressed on a
single polypeptide chain, but using a linker that is too short to allow for pairing between
the two domains on the same chain, thereby forcing the domains to pair with
25 complementary domains of another chain and creating two antigen binding sites (see
e.g., Holliger, P., et al. (1993) Proc. Natl. Acad. Sci. USA 90:6444-6448; Poljak, R.J., et
al. (1994) Structure 2:1121-1123).
As used herein, the term "heteroantibodies" refers to two or more
antibodies, antibody binding fragments (e.g., Fab), derivatives therefrom, or antigen
30 binding regions linked together, at least two of which have different specificities. These
different specificities include a binding specificity for an Fc receptor on an effector cell,

and a binding specificity for an antigen or epitope on a target cell, e.g., a tumor cell.



e.g., Holliger, P., et al. (1993) Proc. Natl. Acad. Sci. USA 90: 6444- 6448,
Poljak, R J., et al. (1994) Structure 2:1121-1123). As used herein, the
term " hetwooanvospodi es” refers to two or nore anti bodi espcariSooghys bi ndi ng
fragnents (e.g., Fab), derivatives therefrom or antigen 30 binding regions
| i nked together, at least two of which hayve different specificities. These
different specificities include a binding specificity for an Fc receptor on

an effector¢ell. .,and inding . s ificity for an anii r €epitope on a
target “cer 1 1 gy "G Ap P SRER Gl en Bl Tl B Es B0, O
"human anti bafble amBcdnsaflt lgioRs Herived fiohh Bieldgdrthlind ey ogobilbosgesncBavi ng
vari abl e and_constant _regi ons derived fraom human gernine i nmunogl obulin

sequences. Ihp8umapantibodicsiobthednvegtion may;ipcludg aminomgid residvasdet enfoded b d
resi dues no . I i n j .

mut ati ons i h?@%g%'lﬁémﬁgﬁgg{lﬁbg@ ?qg&fcgk g%%tl g %agg%%ngagﬁée}g ?’2 qglﬁdo\g}f ?I?o or
by somatiSc sitd-gidcifiv muatagénesiy in vioaeyr &y somhtic tnatation iluvivan Hewévendie teras used
herein, is pot intended to include.antibodies in which . sequences
derived front{Hd YLibpfy nas B%ﬁgglﬁfﬁlfhégr NoF R ‘i%efﬂ l%‘ggﬁa@é‘}’o B ‘?é@&éeﬁ)&se,
have been gtafeRcks AR fed oM MIhd ERATNL bEaR R mSRaliahNPeditd, Teh AARNAGIenal
anti body" or "nonoclonal antibddy conposition® 10 as used herein refer to
a prepar at i bavoleengrafied dptonimineanufrasewdrksequgheesnol ecul ar  conposition. A
nonocl onal anti body c siti,on di.spla si ngl e bindjng.,specificity, and
RTfinity for a particaParcrms: PSpeciomlalhadepy moneclqal SRy EomRSHIAN onal
anti body( r @ 84ed Hefei e dipedpacitioRlofYh kb dd nd1AGH & Hisi@ldgorpgad ficity

whi ch have variable and constant regions derived fromhuman gerniine

i munogl obuFPRPeLeRe nd atonogionalanghedyesemenasiiendisplayes aingimbinding spesifagity

ant i bodi es_afg, B9 YGeb e WALLHORRorii§ Pk REIYG R ofeBElohy 0Dt a1 ned
froma transgenic ON-himan antmar. e.g., transgeni ¢ NDUSE, ﬁaV|ng a
genone conpahi$hodg” eeflnd imantivedicy disbhiyingta sumdgbindingsPedfititgWwhich havd
transgene fused to an imortalized cell. The term "reconbi nant human

anti body", ¥angeandeansipt regions Aerpieddtpn Bumaipesrading dmanpEIRbHSeIINCBbdi es

that arespr gpghe b@&fﬁéﬁ?ﬁﬂ%%nﬁh nBeiofRAl dnﬁ%cﬁ&sezﬁe g}’oduEé‘cPWPh nieans,
such as (a) antibodies isolated froman aninal (e.g., a nouse) that is
transgeni ¢ faduichhonolades ageld gbtelnedl ifronge nesgenic aompbmianl enenabrespar wahsgbrec ef r om

gggts C::Ielbr"d ];nuorutser! ravilng aSg%gcgrlng Qorlnprisgggl g m&nalg Egav?l éli?l(%palnggsenle %1% g’ Eigﬁit cfhlélfr)lm a

transgene fused to an immortalized cell.
The term "recombinant human antibody", as used herein, is intended to
20 include all human antibodies that are prepared, expressed, created or isolated by
recombinant means, such as (a) antibodies isolated from an animal (e.g., a mouse) that is
transgenic for human immunoglobulin genes or a hybridoma prepared therefrom
(described further in Section I, below), (b) antibodies isolated from a host cell
transformed to express the antibody, e.g., from a transfectoma, (c) antibodies isolated
25 from a recombinant, combinatorial human antibody library, and (d) antibodies prepared,
expressed, created or isolated by any other means that involve splicing of human
immunoglobulin gene sequences to other DNA sequences. Such recombinant human
antibodies have variable and constant regions derived from human germline
immunoglobulin sequences. In certain embodiments, however, such recombinant
30 human antibodies can be subjected to in vitro mutagenesis (or, when an animal
transgenic for human Ig sequences is used, in vivo somatic mutagenesis) and thus the

amino acid sequences of the VH and VL regions of the recombinant antibodies are



transforned to express the antibody, e.g., froma transfectoma, (c)

anti bodies isolated 25 froma reconbi nant, conbi natorial human anti body

l'i brary, wod2(dB34@ant i bodi es prepared, expressed, createdPrPom/uisspisied by
any other neans that involve splicing of human i nmmunogl obulin gene
sequences to other DNA sequences. Such regonbi nant human anti bodi es have
vari abl e and constant regions derived fromhuman germine i mmunogl obulin
sequences. | i cafelal , r i human

ant i bodi es 3%&%&?&% \gg}t?ée)%r{{;g@?%mw r o}é?ﬁ{ﬁittgzlgﬁlleag' g&?g? ,@I\%\}h%%%%g“n ani mal
transgeni ¢ kequehessmmay gotsegualhcedstiveithis @e, hunmn\antibodyogeamiiae rpeagienssi s) and
thus the am no acid sequences of the VH and VL regions of the reconbi nant
ant i bodi es &8 WD 02/ 100348 PCT/ US02/ 18748 - 18 sequences that, while
derived fromand rel atgd,st OB KeEBlokbEs Milbad" iYkefit@UH S5t h to'tRY Nnot
natural ly exist within the human anti body germine repertoire in vivo. As
used her & n ransgehistrondiuogowsgann podyting sudhefn angiodyn Tles terinoefersototane 5
transgenic no.-kgéllg%n. organi.sm Crloduci ng such a(g ant ilbOdé' This termrefers
to an anti BB‘E?P Vg ARG 939 SHUGRESY FBFREOBPE AR AGH YA ei ¢ aci d
sequence COLh@sPBRGIhE B that folAd irf Ab1danisin &6t &TERALS BT thetrafifhRficSoninth t he
transgeni ¢ non-human animal, and generally froma species other than that
of the trangaerlond@eneratinfromanipssies other then thebef the transgenig nopdwarashybri d
anti body" r 4 to an anti body having a |ight and heavy chains of
different organismal origins. For exanple, an antibody having a human
heavy chll n associ at ed\swistdheteifyia I'iegerbhybid aniBbdy "irsfess th@heanobydirhatting a

anti body. Exanples of heterohybrid antibodies include chineric and .
hunmani zed akehbyyheavy chyinsqf difagrend ppganismal opgins; £o1 exapwle gh ppdkpdyhaywg,sed
herein, is i : : t'nﬁlﬂﬁé’l' i.ch:d tJ free of
ot her anti bgglﬁlg{s}lqﬁlg%\?}ﬁcg}{agi %%%ctrlég%(?&gﬁ? irgenl clggggll(l:aﬁl?llscaf}ﬁ%éggﬂk?g délﬁ%%,?/n

i sol at ed antkixbmghies tohbhé¢tespglaid artdoties bichdle chondt@rRdisnsunizsd antibodidsy free of
anti bodi es that specifically bind antigens other than EGFR). An isol ated
ant i body thgfscu%sﬁ‘géli‘ﬁr?‘cal ly binds to an epitope, isoformor variant of
human EGR may, howeveyy "i&igued ARibeldPs as 18AUeterh, iy inkhded Refefdred at 8ftibody
antigens, e. QL fromother species (e.g., EGR species honol ogs).

Mor eover, anvhigois svlstangially Geelgf other andibedibshaving diffiesent andigenic spedieitiesel | ul ar

(e.g., an isolated antibody that specifically binds to EGFR is substantially free of
antibodies that specifically bind antigens other than EGFR). An isolated antibody that
specifically binds to an epitope, isoform or variant of human EGFR may, however, have

20  cross-reactivity to other related antigens, e.g., from other species (e.g., EGFR species
homologs). Moreover, an isolated antibody may be substantially free of other cellular
material and/or chemicals. In one embodiment of the invention, a combination of
“isolated” monoclonal antibodies having different specificities are combined in a well
defined composition.

25 As used herein, "specific binding" refers to antibody binding to a
predetermined antigen. Typically, the antibody binds with an affinity of at least about 1
x 10" M}, and binds to the predetermined antigen with an affinity that is at least two-
fold greater than its affinity for binding to a non-specific antigen (e.g., BSA, casein)
other than the predetermined antigen or a closely-related antigen. The phrases "an

30 antibody recognizing an antigen" and " an antibody specific for an antigen" are used
interchangeably herein with the term "an antibody which binds specifically to an

antigen".



mat eri al and/or chem cals. In one enbodi nent of the invention, a

conbi nation of "isolated" nonoclonal antibodi es having different

speci fi ciwpDaeg/1e388 conbined in a well defined conpositionpPCTAISA%1873%d
herein, "specific binding" refers to antibody binding to a predeterm ned
antigen. Typically, the antibody binds wigh an affinity of at |east about 1
x 107 M1, and binds to the predetermned antigen with an affinity that is
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affinity"” binding 5 cafevamy K 01 aisse heii, iDiatndedniReso theassoenasp! e,
"high affinity" binding for an IgM isotype refers to a binding affinity of
at | east ab&odstant of 4 pafyrular abodmaptigaranteragionised herein, is intended to

refer to the associ ati anstia e i - i:
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"isotype S‘Mtﬁaﬂ!;iéﬁ%derdg{/y’ar{e%@ EndiDEoRRADRIRANRY Which the class, or

i sotype, of an antibo changes fromone I g class to one of the other Ig 15
cl asses. As used her eiAs,uséchimreini tisdigpk svatchyngd tefersfte the thenomendndnt witick cl ass
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gene i medi aiagdey. downstream fromthe functionally rearranged VDJ gene.

| sot ype swi tching has been ) ) _ ) _
As used herein, "nonswitched isotype" refers to the isotypic class of

heavy chain that is produced when no isotype switching has taken place; the CH gene
encoding the nonswitched isotype is typically the first CH gene immediately
downstream from the functionally rearranged VDJ gene. Isotype switching has been

20 classified as classical or non-classical isotype switching. Classical isotype switching
occurs by recombination events which involve at least one switch sequence region in the
transgene. Non-classical isotype switching may occur by, for example, homologous
recombination between human o, and human ', (8-associated deletion). Alternative
non-classical switching mechanisms, such as intertransgene and/or interchromosomal

25 recombination, among others, may occur and effectuate isotype switching.

As used herein, the term "switch sequence" refers to those DNA

sequences responsible for switch recombination. A "switch donor" sequence, typically a
u switch region, will be 5' (i.e., upstream) of the construct region to be deleted during
the switch recombination. The "switch acceptor” region will be between the construct

30 regionto be deleted and the replacement constant region (e.g., ¥, €, etc.). As there is no
specific site where recombination always occurs, the final gene sequence will typically

not be predictable from the construct.
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t m
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man in fshe | aboratorypk %r&aﬁéﬂrﬁahgé/d"%%%d heRéin rdfers 58 cbRfifrati RAsTARged” as
used herein refers to a configuration of a heavy chain or light chain
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adj acent t0; 8, Rahtel) adlad GO d? 13508 OF TRE B SRGN OlnSBRENAG ¥ @
complete VH or VL domain, respectively. A rearranged immunoglobulin gene locus
can be identified by comparison to germline DNA; a rearranged locus will have at least
20 one recombined heptamer/nonamer homology element.

The term "unrearranged" or "germline configuration" as used herein in
reference to a V segment refers to the configuration wherein the V segment is not
recombined so as to be immediately adjacent to a D or J segment.

The term "nucleic acid molecule", as used herein, is intended to include

25 DNA molecules and RNA molecules. A nucleic acid molecule may be single-stranded
or double-stranded, but preferably is double-stranded DNA.

The term "isolated nucleic acid molecule,” as used herein in reference to
nucleic acids encoding antibodies or antibody portions (e.g., VH, VL, CDR3) that bind
to EGFR, is intended to refer to a nucleic acid molecule in which the nucleotide

30 sequences encoding the antibody or antibody portion are free of other nucleotide
sequences encoding antibodies or antibody portions that bind antigens other than EGFR,

which other sequences may naturally flank the nucleic acid in human genomic DNA. In



conplete VH or VL domain, respectively. A rearranged i munogl obulin gene
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sequences sh wn iR
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i ncl ude tocoasgio/atd Mﬁasﬁtﬁﬁb@sﬂ@@dlﬂﬁﬁb efndczatduoﬂ§"Modlfreauom@h eeﬁmﬂﬁuedaﬁnwn no
acid sequence nodifications which do not significantly affect or alter the

bi nding ch&FAHRNOstIrt 8y gandaid teghpiapesdipoaidd desrrbyuehds sigdeeied de sequence
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nodi fi cati ons nucl eot | ani no aci stitutions, additions
and del et i onsludebes inceliiclotis anano bedwesudlmdsun@dhcbahmh aﬁli@ih@ad‘iki)sesicﬂ;ﬂ by

standard techni ques %own Ln t%g@ such as S|tde i rect ed1 ﬁtl enesi s
and PCR- ned"av'84 2 mit'fhernesre™ s ohemine ag frsidies pvangsuipilen fide s
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residue having a simlar side chain. Famlies of am no acid residues
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gelycme, asparagme, glutamine, serine, threonine,
tyrosine, cysteine, tryptophan), nonpolar side chains (e.g., alanine, valine, leucine,
isoleucine, proline, phenylalanine, methionine), beta-branched side chains (e.g.,

20 threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine,
tryptophan, histidine). Thus, a predicted nonessential amino acid residue in a human
anti-EGFR antibody is preferably replaced with another amino acid residue from the
same side chain family.

Alternatively, in another embodiment, mutations can be introduced

25 randomly along all or part of a anti-EGFR antibody coding sequence, such as by
saturation mutagenesis, and the resulting modified anti-EGFR antibodies can be
screened for binding activity.

Accordingly, antibodies encoded by the (heavy and light chain variable region)
nucleotide sequences disclosed herein and/or containing the (heavy and light chain

30 variable region) amino acid sequences disclosed herein (i.e., SEQ ID NOs: 1-4) include
substantially similar antibodies encoded by or containing similar sequences which have

been conservatively modified. Further discussion as to how such substantially similar
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he
of the straRHendss- Tihe CRBPRILION of deHentsy apd dRISERINARN éj§n§”§%§t‘1’%ﬁct i on
of the nyyrbgy, s@c{ueh&% REh B@hco%ﬁﬁﬂﬂéhé?ﬂﬁn%@ﬁﬁ@neﬁﬁtl&h QlFEHHE NS B8schibe® in th&b

honol ogy = # of i1dentical positions/total of positions x 100), taking
i nt o accounmonHemitingbemuplés bpdps, and t he Iength of each gap, which need to

be introduced for opt Iinalpercentqgg%ty betweten ?wo nucleotide sequences can be

determined using the GAP program in the GCG software package (available at
http://www.gcg.com), using a NWSgapdna.CMP matrix and a gap weight of 40, 50, 60,

20 70, or 80 and a length weight of 1, 2, 3, 4, 5, or 6. The percent identity between two
nucleotide or amino acid sequences can also determined using the algorithm of E.
Meyers and W. Miller (Comput. Appl. Biosci., 4:11-17 (1988)) which has been
incorporated into the ALIGN program (version 2.0), using a PAM120 weight residue
table, a gap length penalty of 12 and a gap penalty of 4. In addition, the percent identity

25 between two amino acid sequences can be determined using the Needleman and
Wunsch (J. Mol. Biol. 48:444-453 (1970)) algorithm which has been incorporated into
the GAP program in the GCG software package (available at http://www.gcg.com),
using either a Blossum 62 matrix or a PAM250 matrix, and a gap weight of 16, 14, 12,
10, 8, 6, or 4 and a length weightof 1,2, 3,4, 5, or 6.

30 The nucleic acid and protein sequences of the present invention can
further be used as a "query sequence"” to perform a search against public databases to,

for example, identify related sequences. Such searches can be performed using the
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The nuclelc acid an rotei n sequences of the present invention can
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prograns, the def ault parameters of the respective prograns (e.g., BLAST
10 and NBLASTIB):trQIdwrms argleadherswell iknoyn Anf mrtn@?be,ﬁqlknsnb .ajol, edrBarmuic| e c

acids may b%r(g%oco 51§ 1nt Mlofécﬁ\lh h%lgg%l, k:sréene If’u%lllsﬁung an \%’aley Intersmlence New York
(1987).

The nucleic acid compositions of the present invention, while often in a
20 native sequence (except for modified restriction sites and the like), from either cDNA,
genomic or mixtures may be mutated, thereof in accordance with standard techniques to
provide gene sequences. For coding sequences, these mutations, may affect amino acid
sequence as desired. In particular, DNA sequences substantially homologous to or
derived from native V, D, J, constant, switches and other such sequences described
25 herein are contemplated (where "derived" indicates that a sequence is identical or
modified from another sequence).

A nucleic acid is "operably linked" when it is placed into a functional
relationship with another nucleic acid sequence. For instance, a promoter or enhancer is
operably linked to a coding sequence if it affects the transcription of the sequence. With

30 respect to transcription regulatory sequences, operably linked means that the DNA

sequences being linked are contiguous and, where necessary to join two protein coding
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the invention is intended to include such other forms of expression vectors, such as viral

vectors (e.g., replication defective retroviruses, adenoviruses and adeno-associated
20 viruses), which serve equivalent functions.

The term "recombinant host cell" (or simply "host cell"), as used herein,
is intended to refer to a cell into which a recombinant expression vector has been
introduced. It should be understood that such terms are intended to refer not only to the
particular subject cell but to the progeny of such a cell. Because certain modifications

25 may occur in succeeding generations due to either mutation or environmental influences,
such progeny may not, in fact, be identical to the parent cell, but are still included within
the scope of the term "host cell” as used herein. Recombinant host cells include, for
example, CHO cells and lymphocytic cells.

Various aspects of the invention are described in further detail in the

30 following subsections.



integrated into the genonme of a host cell upon introduction into the host
cell, and thereby are replicated along with the host genone. Moreover,
certai n vwotoeneozas e capable of directing the expression etTgsopss7s® whi ch
they are operatively linked. Such vectors are referred to herein as
"reconbi nant expression vectors” (or simpty, "expression vectors"). 15 In
general , expression vectors of utility in reconbinant DNA techni ques are

often in the gﬁoﬂﬁ%ﬁfofﬂhﬁﬁm ﬁﬁtibdgiisttg'%dﬁﬁsem speci fication, "plasm d" and
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(1975) Nature 5 256: 495 prefértdicamgfodsnerat humapehbdndejdinal ahitibetlicodirgutat edur es
are preferred,. in principle, other techni ques for produci nocl onal
anti body caredBt GRS peraias Fine GsEIB e P PR RAST 81 s PR of B
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I sol ation Oﬁln}e%rpgleé%ﬁmséglhggv%c( ta% yS 20d light chain immunoglobulin sequences,

together with targeted mutations that inactivate the endogenous p and k chain loci
(Lonberg, et al. (1994) Nature 368(6474): 856-859). Accordingly, the mice exhibit

20 reduced expression of mouse IgM or k, and in response to immunization, the introduced
human heavy and light chain transgenes undergo class switching and somatic mutation
to generate high affinity human IgGk monoclonal (Lonberg, N. et al. (1994), supra;
reviewed in Lonberg, N. (1994) Handbook of Experimental Pharmacology 113:49-101,
Lonberg, N. and Huszar, D. (1995) Intern. Rev. Immunol. Vol. 13: 65-93, and Harding,

25 F.and Lonberg, N. (1995) Ann. N.Y. Acad. Sci 764:536-546). The preparation of
HuMAD mice is described in detail Section II below and in Taylor, L. et al. (1992)
Nucleic Acids Research 20:6287-6295; Chen, J. et al. (1993) International Immunology
5: 647-656; Tuaillon et al. (1993) Proc. Natl. Acad. Sci USA 90:3720-3724; Choi et al.
(1993) Nature Genetics 4:117-123; Chen, J. et al. (1993) EMBO J. 12: 821-830;

30 Tuaillon et al. (1994) J. Immunol. 152:2912-2920; Lonberg et al., (1994) Nature
368(6474): 856-859; Lonberg, N. (1994) Handbook of Experimental Pharmacology
113:49-101; Taylor, L. et al. (1994) International Immunology 6: 579-591; Lonberg, N.



fusion are known in the art. Fusion partners (e.g., nurine nyeloma cells)
and fusion procedures are also known. In a preferred enbodi nent, hunman
nonocl onawoantivdsesli es directed against EGFR can be gener 2ced/Soxis7gs
transgenic mce carrying parts of the human 15 i mmune systemrather than
t he nouse system These transgenic mce,2geferred to herein as "HuMAb"
m ce, contain a human i munogl obulin gene mniloci that encodes

unr ear r angeg, iy ﬁﬁ%w%()fﬁt@ﬂz kLv%%o!thﬁﬁé'ﬁng(% 89#11'@ s enous
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Accordi ngly,

0 reduce ssion, of nmpuse | or x, and
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transgenes wﬁ%ﬁwn%@ﬁénﬁw Sbé RGN, gomt,dmagus 9&5 80b: stspogener ate high
affinity human I%GK nmonocl onal ( Lonber N. et al. (7199 4) supra; reviewed

in LonberSg 532541 9;9§1§33|-{b2r§d56c8R 660; TXPRF9 B 64101 ShnB ha tY; 6¢74.293; a1@- 101;

Lonber g, szar . D I nt Reyv 65-93, and
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prepar at i onsgis, sbinMABuriahiCe al. smlseﬁazrdnblemlbhaatdﬁimd WED B8/ 4884, | ubﬂé}@Woﬂnd in
Tayl or, L. et al. §1992 Nucl ei ¢ Aci ds Research 20:6287-6295; Chen, J. et

al . (1993) JiecklnA?9% 4P K238 SIryglished Naygmbes ), 1?%|W%9§/b?c27apublxshgb3)

Proc. Natl. netics
4:117-123; 8§&%g'3 &t a@z%%%éé%%&ﬁ%éé&x%&%&19%5?5%% é%%%¥3aﬁl %ﬁﬂét a
(1994) J0 | Mwﬂol 9, 1992 tROdi2el3QRE; oﬂadirdifwlgcleire akreby (iri&%b)atbbhbju ﬁffereﬁ@ﬁﬁ6474) :
856- 859; Lonberg,.

1994) k_of Experinental _ Pharpmacol ogy
113: 49-101; ¢ é{ﬁnHFY f&ﬁere%twglyHa*(e %@@}%rﬁfww&w&ﬁ ?Scrlﬁ?ﬁnmﬁw f'e? gr8e591;

Lonberg, .u&gtg%é$99§ﬂgmgg;&y§ggﬁg§%ﬂgdms26 and Huszar, D. (1995) Intern.
Rev. I nmmnol. VoI~. 13: 65-93; ding, F. and Lonberg, N (1995) Ann. N.YV.

Acad. Sci 764:536-546; Flshmnld D. et al. (1996) Nature Biotechnol ogy 14:
845-85 1, t e al .| of whi ch are hereby incorporated by

ref erence i ZT%@K%”@H%V&@?Wnﬂﬁggsfurther U.S. Patent Nos. 5,545, 806;
3,969,823, 5 5,625, 1265 gendd3 fidphurban’B8nédéhial ant$hodied %' EGPRE ShiMMAB mice
5,814, 318; 5,874, 299; and 5,770,429; all to Lonber% and Kay, and GenPharm

| nt er nat | ongan bejmsnumpggdewith ppurifiel esmrighed RTGP%&WW FR antigenrgndionaglisonal
b cat Rl S R 30500 o0 R 25505
856-859; Fishwild, D. et al. (1996) Nature Blotechnology 14: 845-851 and WO
98/24884. Preferably, the mice will be 6-16 weeks of age upon the first infusion. For

20 example, a purified or enriched preparation (5-20 pg) of EGFR antigen (e.g., purified
from EGFR-expressing LNCaP cells) can be used to immunize the HuMAb mice
intraperitoneally. In the event that immunizations using a purified or enriched
preparation of EGFR antigen do not result in antibodies, mice can also be immunized
with cells expressing EGFR, e.g., a tumor cell line, to promote immune responses.

25 Cumulative experience with various antigens has shown that the HuMAb
transgenic mice respond best when initially immunized intraperitoneally (IP) with
antigen in complete Freund's adjuvant, followed by every other week i.p. immunizations
(up to a total of 6) with antigen in incomplete Freund's adjuvant. The immune response
can be monitored over the course of the immunization protocol with plasma samples

30 being obtained by retroorbital bleeds. The plasma can be screened by ELISA (as
described below), and mice with sufficient titers of anti-EGFR human immunoglobulin

can be used for fusions. Mice can be boosted intravenously with antigen 3 days before



June 24, 1993; WD 92/22645, published Decenber 23, 1992; WO 92/03918,
published 10 March 19, 1992, the disclosures of all of which are hereby
i ncor por awvedzhyo3nef erence in their entity. Alternativel ypcrhmsoAce
transgenic mce described in Exanple 2, can be used to generate human
anti - EGFR anti bodi es. Human Anti body | nmmizations 15 To generate fully
human nonocl onal anti bodies to EGFR HuUMAb m ce can be inmmunized with a
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ELISA for human anti-EGFR monoclonal IgM and IgG antibodies. Once extensive
hybridoma growth occurs, medium is observed usually after 10-14 days. The antibody
20 secreting hybridomas are replated, screened again, and if still positive for human IgG,
anti-EGFR monoclonal antibodies, can be subcloned at least twice by limiting dilution.
The stable subclones are then cultured in vitro to generate small amounts of antibody in

tissue culture medium for characterization.

25  Generation of Transfectomas Producing Human Monoclonal Antibodies to EGFR
Human antibodies of the invention can also be produced in a host cell
transfectoma using, for example, a combination of recombinant DNA techniques and
gene transfection methods as is well known in the art (Morrison, S. (1985) Science
229:1202).
30 For example, in one embodiment, the gene(s) of interest, e.g., human
antibody genes, can be ligated into an expression vector such as a eukaryotic cell

plasmid. The plasmid can then be introduced into a host cell, such as a bacterial cell



suspensi ons of splenic | ynphocytes fromimmnized mce are fused to

one-si xth the 10 nunber of P3X63- Ag8. 653 nonsecreting nouse nyel oma cells
(ATCC, CRNOL280)348v th 50% PEG Cells are plated at approrcmatser/ys72s x 105
in flat bottommcrotiter plate, followed by a two week incubation in
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smal | amunt&osdbidnt hiasYadiibodies ssue cul ture nmedi um for characterization.
25 CGeneration of Transfectomas Produci ng Hunan Monocl onal Anti bodies to
EGFR Human anti bodi es of the invention can al so be produced in a host cell

transfect ong, usi . fqr .ex le, a ¢ ination pf..recombi nant DNA
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(Morrisom S. (1985) Jgiibbdies inte?t WhdhrgeBhhtipohs Srsddrpinantly ralipd a@ithedi nent ,

the gene(s) of interest, e.g., human anti body %jenes, can be l[igated into
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cel | cont ai atengotehitvepseswebnindividuahirgipdiee thabhéqueaceskatsidd eciRRs. and
treated with |ysozyne to renove the Bﬁel aE:wal |s... The resulting spheropl asts

can be fusedefF4hG &14°5 atf 'enonEDledREROYLHDRI R IEER IMIEACqNSE bt ed t o
as "transf eqhiile Jo exphdsS fechHbiRt arftitBdRt 8t Mim! the pldpeAR begieaiHcs) can be 5

identified and sel ected. These cells represent the transfectomas which can
then be anphiufillycbcbyrrige aniibaglieshhymoastrustiog expression vectdrsthatinglude (DR and used
to produce sgc?u%r?gggifpo%qhegg%f}c g&%aﬂg%icgusrﬁng antibody grafted onto framework
sequences from a different antibody with different properties (see, e.g., Riechmann, L. et
al., 1998, Nature 332:323-327; Jones, P. et al., 1986, Nature 321:522-525; and Queen,
20 C.etal, 1989, Proc. Natl. Acad. See. U.S.A. 86:10029-10033). Such framework
sequences can be obtained from public DNA databases that include germline antibody
gene sequences. These germline sequences will differ from mature antibody gene
sequences because they will not include completely assembled variable genes, which are
formed by V(D)J joining during B cell maturation. Germline gene sequences will also
25 differ from the sequences of a high affinity secondary repertoire antibody at individual
evenly across the variable region. For example, somatic mutations are relatively
infrequent in the amino-terminal portion of framework region. For example, somatic
mutations are relatively infrequent in the amino terminal portion of framework region 1
and in the carboxy-terminal portion of framework region 4. Furthermore, many somatic
30 mutations do not significantly alter the binding properties of the antibody. For this

reason, it is not necessary to obtain the entire DNA sequence of a particular antibody in

order to recreate an intact recombinant antibody having binding properties similar to



Use of Partial Antibody Sequences to Express Intact Antibodies 10

Anti bodies interact with target antigens predom nantly through amno acid
resi dues wbab/1emses | ocated in the six heavy and |ight chai rcTarspt/isTetarity
determ ning regions (CDRs). For this reason, the am no acid sequences
within CORs are nore diverse between ingyyvidual antibodi es than sequences
outsi de of CDRs. Because CDR sequences are responsible for nost
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Ri echnmann, 1986,
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formed by V( joining durin mat uration. Gernline gene ;ﬁauences
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repert0|re nt,i bad i ndi vi dual th egi on. For
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portion 1@f Ebmmu&lcwg&m colﬁﬂﬁn@(\a;mmkﬁnhamm“gbﬁucldmﬁa@ bphgatdherr el atively
infrequent in the amino termnal portion of framework region 1 _and in the
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anti body. For t I'S not necessary e entire
sequence of eatirphrdyhthetiavaréable fegidy clane. dihtbeprotess hasreeaineadyantagesaoth as
reconbi nant anti hody havi ng bi ndi erties sim]ar 02/ 00348
PCT/ US02/ 18941nation of lglisiogor ppriicy rgﬁ glo%ﬁ‘f‘?sbﬁfdip“&‘éel 5535
filed onsVaggdbnl2, 1999, which is herein incorporated by referenced for
all purposes). Partial heavy and |ight chain sequence spanning the CDR
regions is typicall y dbeé hudeaide séq;rencemcsfhpwypa;@élghn‘d@aupaamacapts fweyaence i s
used to det

0520 Lo S e b B BBl RO SRR SRR SR R
sequence i s sydikdlic VWs@fhehdeswithl idéntical &8ind gcﬂaafoairfgrtap&ﬁnetsfae theafanahl e regi ons.
Heavy and | Isegqr:llengegal'l“ﬂe Isyenatllclieetlrc heavy and kappa chain sequences can differ from the natural
20 sequences in three ways: strings of repeated nucleotide bases are interrupted to facilitate
oligonucleotide synthesis and PCR amplification; optimal translation initiation sites are
incorporated according to Kozak’s rules (Kozak, 1991, J. Biol.
Chem. 266L.19867019870); and, HindllII sites are engineered upstream of the translation
initiation sites.
25 For both the heavy and light chain variable regions, the optimized coding,
and corresponding non-coding, strand sequences are broken down into 30 —
50 nucleotide approximately the midpoint of the corresponding non-coding
oligonucleotide. Thus, for each chain, the oligonucleotides can be assemble into
overlapping double stranded sets that span segments of 150 — 400 nucleotides. The
30 pools are then used as templates to produce PCR amplification products of 150 —

400 nucleotides. Typically, a single variable region oligonucleotide set will be broken

down into two pools which are separately amplified to generate two overlapping PCV



sequences are cleaved during protein maturati on and do not contribute to
the properties of the final antibody. For this reason, it is necessary to
use the cworeapomsli ng germ ine | eader sequence for expre®PsrarsonotTsd r uct s.
To add m ssing sequences, cloned 10 cDNA sequences cab be conbined with
synthetic oligonucleotides by ligation o§g PCR anplification. Aternatively,
the entire variable region can be synthesized as a set of short,
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ol i gonucl eothirhisare ggn piesed & Kl achqsh e expressing ppthiatisubl e stranded sets
h f . i d
that span segments o }idﬁp fﬁ?&seQH%!)I%?ﬁlEtQ(%Fof e;[(gpeggigxiggé%lﬁ 6‘@\! lﬁm]if{}nng\%SE as

tenpl ates to produce I"cat’r on produc nucl eGti des.

Typi cal ly, aresdeB@itRdWwalomablie plaghianwele @asnuateiodh ta PER amplified hoswvkard
down into two pools which are separately anplified to generate two
over | appi ng VPERPRA P O SAD APCTIUISEDsoRks) b Used 3 resPBRYINEE sommipiedsavy and

over | appi<ng ;.0 {s. I Lfd i t r t he
compl of & el FARHHR! Sisfishel e PRNRIE SR K, L R C R A 7
over | appi ng chitietig Tp01x @flgGhe afteadies o Sithilghlasatids candenshsintctadegr expression
(including the Bbsl site of the kappa light chain, or the APeI site if the
gama heavy oﬁﬁ@pxhl)eaw] chyip ISPHRERIPH o expressign of gntibodies comprising lambda light

chains.
Thus, in another aspect of the invention, the structural features of an
20 human anti-EGFR antibodies of the invention, e.g., 2F8, are used to create structurally
related human anti-EGFR antibodies \that retain at least one functional property of the
antibodies of the invention, such as binding to EGFR. More specifically, one or more
CDR regions of 2F8 can be combined recombinantly with known human framework
regions and CDRs to create additional, recombinantly-engineered, human anti-EGFR
25 antibodies of the invention.
Accordingly, in another embodiment, the invention provides a method for
preparing an anti-EGFR antibody comprising:
preparing an antibody comprising (1) human heavy chain framework
regions and human heavy chain CDRs, wherein at least one of the human heavy chain
30 CDRs comprises an amino acid sequence selected from the amino acid sequences of
CDRs shown in Figure 15 (or corresponding amino acid residues in SEQ ID NO: 2);

and (2) human light chain framework regions and human light chain CDRs, wherein at



5 generate fragnents that can easily be cloned into the expression vector
constructs. The reconstructed heavy and |ight chain variable regions are
t hen comvpredoositg h cl oned pronoter, translation initiati @or/usonsizant
region, 3" untranslated, polyadenylation, and transcription term nation,
sequences to form expression vector congfructs. The heavy and |ight chain
expressi on constructs can be conbined into a 10 single vector,

col |5 ahi o u AR Ml LA} EORUnRRRE B Suo b BRR LT il 7

Pl asm ds f offrousthe iamitofnsd segienes oDCDRshew s i RiguRCl0fos co¢spbndinpamgiok ar e
descri bed below. . The plasnm ds were constructed so that PCR anplified V
heavy and 9Cikapsidues inREQIRING: Porvhersirythspatodyggtaghsishe bty to Sinddeonst r uct
conpl ete hegygrand 15 |ight chain mnigenes. These plasm ds can be used to
express conpletely human, or chinmeric 1gGlx or 1gAK anti bodies. Simlar
pl asm ds 5Scan be const fThetbitity affthe agitesyit@binddfGKR ber behdedanninddaismg sot ypes,
or for expression of antibodies c ri si.ng | apbda |igh chains. .Thus, in
ot her  abpSRRCaH DA 17, TH0h o (HTGE S5 idh U B ERaplEr lse-cit A0 hunan
anti - EGFR aRtjcBodi §211%nothiien tHe\@thitOihtib6dyOheavy fd ligl{tQhHi%@DRQ’ d6maRE play
structurally related human anti-EGFR ant’i bodi es that retain at | east "one

functi onal pmepisntaylyompptiant relatin thedirding$pecisity faffemtyi afran astibddyafor i ndi ng t o

EGFR. More specifij,call .one or re..,COR reqi ons of, 2F8 e conbi ned
Fotonbl oant DTG e Rrestibi AP afioolRs Sraelh o E8h SRbally ;£ B G BB or o

addi tional , prefeaplyiconiptisy the hMghwiesidatkht Bhiif CDRYs iof EEERThe bntibatlicb @elites of t he
i nvention. According i n_anot her enbodi nent, the invention provides a

met hod for C# gcpwmsqlgzéﬁ%ﬁ@ iof Bic-RTbgantibedips EBHSF Fam eogrPrise PREs eh
heavy chai nEirecCufpinely, BRUGARER i Bhqvidds BRRARIIR ol oA e
conpri ses ahumah heavgahdinsemuevire ragdresca bambu beavy lkhaiarCDR] expich, adgmances of
2 and (2SR CORE Fediaf A0t A BHEBIR P GBSO EA SIS HE T
TR S S R i o e PR e A
aci d sequenemsnapdcidORRslushimiitQ D NQu2 )k add () dmmen lighsgweidiramgeworkmegions, a
human light chain CDR1 region, a human light chain CDR2 region, and a human light
chain CDR3 region, wherein the human light chain CDR3 region is the CDR3 of 2F8 as
shown in Figure 15 (or corresponding amino acid residues in SEQ ID NO: 4), wherein
20 the antibody binds EGFR. The antibody may further comprise the heavy chain CDR2
and/or the light chain CDR2 of 2F8. The antibody may further comprise the heavy
chain CDR1 and/or the light chain CDR1 of 2F8.
Preferably, the CDR1, 2, and/or 3 of the engineered antibodies described
above comprise the exact amino acid sequence(s) as those of 2F8 disclosed herein.
25 However, the ordinarily skilled artisan will appreciate that some deviation from the
exact CDR sequences of 2F8 may be possible while still retaining the ability of the
antibody to bind EGFR effectively (e.g., conservative substitutions). Accordingly, in
another embodiment, the engineered antibody may be composed of one or more CDRs
that are, for example, 90%, 95%, 98% or 99.5% identical to one or more CDRs of 2F8.
30 In addition to simply binding EGFR, engineered antibodies such as those described
above may be selected for their retention of other functional properties of antibodies of

the invention, such as:



acid residues in SEQID NO 4); wherein the antibody retains the ability to
bind to EG-R 5 The ability of the antibody to bind EGFR can be determ ned
usi ng stwodana3bs ndi ng assays, such as those set forth i rcrhmsotzxsanpl es
(e.g., an ELISA). Since it is well known in the art that anti body heavy and
| ight chain CDR3 domains play a particugmarly inportant role in the binding
specificity/affinity of an anti body for an antigen, the reconbi nant

anti bodi es of the invent r f . above 10 preferably
conprise the heavy angﬁgl&ﬁ?é){ elg‘?enC% §§s§¥ngl\}?(§ﬁ'§b anti bodi es further can
conpri se the CDR2s of (Mhlg}h@ffanybbﬂdlgetsEfGHRher can conprise the CDRl Is of
M Accordingly, the invention further provides _anti-EGR anti bodi es

conprising: (1) humaf)héadipe EIATHAYG SieRe PR EGER 6?|§llm§13Fﬁ}Hﬁﬁ°ﬁé%\l&ty th¥ai n
CDRI
regi on. “whersPel R pbER Rl Bl folti ol Rlipies RBeh ol B bR S0BYT s e

shown i n5Fi gmmget&%r(lnndmg)tcrmspmndeplg)peam no acid residues in SEQID NO 2);

and (2) human |ight CIEI@I n (1;‘F{larrlevvt2)rf§8 prﬁ‘éﬂag umanlollrl ght chain CDRI
region, a human |ight IPRSPIEHRD ght chain CDR3
region, wherein the hymEpe dlét%tofgm if5RiohesHagbcytSsid Qﬁi/&[ﬂﬁ%n of &Eg as
shown in Figure 15 (or "correspon am no aci d residues in D NO 4),

wherei n 20 t:h}ereamgE)GBB(llbthmeEmR)fhﬂmnaﬁﬁeplbod@lSnay further corrprl se the
heavy chain CDR2 and/or the light chain COR2 of M The anti body may
further conprise the heavy chain CDRI and/or the |light chain CDRI of 2F8.
Pr ef er abjgy, dhbﬁ‘ac@Pano;Zof&ndln@rofﬁluﬁfantmo@mun@mfmleam& Ebpei es descri bed
above conprise the exact am no acid sequence(s) as those of 2F8 di scl osed
herein. 25 However, t e chbparigezg lplpd@zuogh@maramng%!ﬁn%EGFRawrb@éleapéthehat

St rota fegtoh S dfim AG A I SRR Tor ek PR R RS SHLE. I | ©
(e.g., consefividtitey lasdstasd ¢daudd Witts puri RICOGER RGOR5pg/ml i@ PBENaid tBebsldeient |

t he engi neered anti body may be conposed of one or nore CDRs that are, for
exanmpl e, 90%ithd5opovgesgrmadbwumiig BRS; dAilutioss philagpa ﬁ@méiféﬁ‘zsmamnwdso In
additiongdo i AN

descri bgl n@%‘{/%]eé%{i/)é geQ gifgi'ldd]fe}l é{eﬁae{()?qreten{){&?r?e%f ?H«?Hla?e% flinc Si(?lgcrllal
properties wlthaRBS/Wadexemcbﬂhen ircebdtel/ @ith b goat-aichurast [QOF OJet D238y clonal
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reagent conjugated to alkaline phosphatase for 1 hour at 37°C. After washing, the plates

are developed with pNPP substrate (1 mg/ml), and analyzed at OD of 405-650.
Preferably, mice which develop the highest titers will be used for fusions.

20 An ELISA assay as described above can also be used to screen for
hybridomas that show positive reactivity with EGFR immunogen. Hybridomas that
bind with high avidity to EGFR will be subcloned and further characterized. One clone
from each hybridoma, which retains the reactivity of the parent cells (by ELISA), can be
chosen for making a 5-10 vial cell bank stored at -140 °C, and for antibody purification.

25 To purify human anti-EGFR antibodies, selected hybridomas can be
grown in two-liter spinner-flasks for monoclonal antibody purification. Supernatants
can be filtered and concentrated before affinity chromatography with protein A-
sepharose (Pharmacia, Piscataway, NJ). Eluted IgG can be checked by gel
electrophoresis and high performance liquid chromatography to ensure purity. The

30 Dbuffer solution can be exchanged into PBS, and the concentration can be determined by
OD»gp using 1.43 extinction coefficient. The monoclonal antibodies can be aliquoted

and stored at -80 °C.



(1) binding to live cells expressing EGFR, (2) high affinity binding to
EGFR, (3) binding to a unique epitope on EGFR (to elimnate the possibility
t hat nonwoloened34@nti bodies with conplinmentary activities POTArsoYssFds i n
conbination would 5 conpete for binding to the sane epitope; (4)

opsoni zation of cells expressing EGFR;, apglilor (5) nediation of growh

i nhibition, phagocytosis and/or killing of cells expressing EGFRin the

presence of human ef 1 Q6L Rlerble f the L0 CIAHARLE LG BUFR B0 hilbollesHuaN

Monocl onal Anti bodies to To characteri ze ng o urman nonocl onal
EGFR anti bodbnr&lstocurhlcmhepltmpw,eemth amt;boslgrcan be bmtmyrlnmdnmmg comneercally bailablst ed,

for exanpl e, E .SA. ri crot.i.ter plates are ted ith purified
EGFR at O. 25@%%?“5 SECA(E dtﬂénlaﬁmﬂ‘?}%@ﬂ” 1£HU588 B@@P P?%rﬁrbum' nin
PBS. Di | uti gRghddieshing Hidtink 068 ﬁ@f&‘lddﬁ%ﬂib@)@fés tan B p&fdhRd adde BdrR each wel |
and incubated for 1-2 hours at 37C. The plates are washed w'th PBS/ Tween

and then 3 ncadfed-E419A piates ag@lascrdmd abdmgndhotiny@uted Myidebinfling cpoby détested
r eagent conju d to.(ﬁl_kg(li) %Qat% e for 1 hour at 37C. After
washi ng, the g\ LY BV AHEVET B 0698 FHR'ONPP substrate (1 ng/nl), and

anal yzed at OD of 405-65%RterMik{thE ablype ofp@efistvntiBodiey, edotipet HIE SAk ghebd
titers will be used for fusions. 20 An ELI SA assay as descri bed above can

al so be usedetformygly é@ﬁ”iermlcmimrlIﬂ@ﬁﬁa@nthﬁézpa@ﬁwhp]&gig/m\l'ef@Iélahl!mm ]tgy with

obal oned sgCigh AL ERer e Ghang i s B O W Biafbbisid ietest® niBr il oo i

retains fie maRelhi gnﬁbmleé P8 MorRlchir 19Vt Bl R enfiRFoelte folcdp@sen for

making a 5-10 vial cell bank 'stored at - and for anti body
puri ficati ohoudsThe w@us cdrythin e reagiet iwi hGHRenlum b3 o1 hemhelaM-dpéryfic | domas
can be gro ter S fl as

par 11 cat! okl bRk BB gty Eisy e FREBREEAR) aPlieem gl tngrived

affinity chippsat ography with protein A- sepharose (Pharmaci a, Piscataway,
NJ). Eluted 1gG can be checked by gel el ectrophoresis and high performance
li qui d chromat ogr aphy ltl@rdéhmem@éﬁr@tﬁPmdwfgmlmmlra%@p@ﬁt§> vezgllpe

crEhangefs | MBeFBR PRSI MROTASILFELY AR GO8 DA AELE TARCH Rt CRERG usi
and stored agrowﬁi(im@er stdagy g:ﬁ@'ﬂﬂ&rﬂfﬁb’nhﬁﬁéhﬁW\&th various concentrations of
monoclonal antibodies in PBS containing 0.1% Tween 80 and 20% mouse serum, and
incubated at 37°C for 1 hour. After washing, the cells are reacted with Fluorescein-
labeled anti-human IgG antibody under the same conditions as the primary antibody
20 staining. The samples can be analyzed by FACScan instrument using light and side
scatter properties to gate on single cells. An alternative assay using fluorescence
microscopy may be used (in addition to or instead of) the flow cytometry assay. Cells
can be stained exactly as described above and examined by fluorescence microscopy.
This method allows visualization of individual cells, but may have diminished
25 sensitivity depending on the density of the antigen.
Anti-EGFR human IgGs can be further tested for reactivity with EGFR antigen by
Western blotting. Briefly, cell extracts from cells expressing EGFR can be prepared and
subjected to sodium dodecyl sulfate (SDS) polyacrylamide gel electrophoresis. After
electrophoresis, the separated antigens will be transferred to nitrocellulose membranes,
30 blocked with 20% mouse serum, and probed with the monoclonal antibodies to be
tested. Human IgG binding can be detected using anti-human IgG alkaline phosphatase
and developed with BCIP/NBT substrate tablets (Sigma Chem. Co., St. Louis, MO).



-33 To determne if the selected human anti - EGFR nonocl onal anti bodi es

bi nd to uni que epitopes, each anti body can be biotinylated using

conmer ci awby2awais abl e reagents (Pierce, Rockford, IL). Gomusoz/is7en

studi es using unl abel ed nmonocl onal anti bodi es and bioti nyl at ed nonocl onal
anti bodi es can be perfornmed using EGFR 53g0at ed- ELI SA pl ates as descri bed
above. Biotinylated MAb binding can be detected wth a

strep-avi di n-al kal i ne phosphat ase probe. To determ ne the isotype of
purified antibodies, isotype ELI SAs can be perfornmed. Wells of microtiter
pl at es can PdagaatiedndCell Kilbing/Avtivioks affffamdwiianodignal creibodighto BGFRC. Af ter

bl ocking with 5% BSA, the plates are reacted w 10 g/ of 10 nonocl onal
ant i bodi es or pu(;i fiedd P@Bﬁ%@%ﬁ‘ﬁf’g BWegﬁcw&ﬁy é‘\}?%{:‘gﬁt 19‘&‘8?&)%‘{33?%?1@1 ¥t wo
hours. The WiHE.AARdENM Q@teﬁt%é%ﬁﬁeii’%iﬁty%tn%ﬁat%ﬂlﬁ%@ﬂtgg% afd kihH%Zd\}‘el oped

| gM specific al kaline phosphat ase-conj ugated probes. ates are

and anal Yz edelisexpessing b&dR. ablwtestingrof oraberlonal aigibodysaatiaite imvirdiwiy of

nonocl onal ant.i. odi.est. o live cells 1§ ex r.essi%q the EGER flowng% onetry
can be usedPEP{A Pl djrreningRrordy fsRng i yivasapeets. Bpgily PIhERPRINK (AT
growt h C0ndlcélll@gMN}?}'bEofﬁb?(@ﬁ*ec\fértomlél,&-‘fo'nph@alt%’ GRS tat bOP§ifdd bymeqE! onal
anti bodies in PBS containing 0.1% Tween 80 and 20% nouse serum and

i ncubat ed atlypagerdpnsity epstrifugaiane follasH bidysis elecontamigatingeerytbepsyest wit h

Fl uor escei n ant.j I i [ X itions as
the primar y-\%"LnS? ?%ié&f}k’szﬁ s‘?%%{%?%‘gd? g%@@éwgﬂgﬁg ggetﬁggéalglr%tegﬁgtgval&—e can

i nstrunmert  dahlnglflsegin aghixiddeth SCalabeled pélonsptdssisg EGRRahevaidus katiok of
cells. An alternative assay using fl uogescence m_cr.oscopy nmay. be used (in

addi ti on t o cHectPreallsdRitustor cele(-elferipregtispraryelys Ryrifiehyrgan atihEGERst ai ned
exactly as j ) I i Jhis
ot hot al T ous priiih BORE Al it T ehritons) HRUEREFRGTTR! ORGRMed a0 ° oo
sensi ti vity ndgpendomgolomssds cdehs caryiedbuttthe0d 30 ngsutes Ar¥7°C ESEHRples tanbd gGs
can be further tested for reactivity with EGER antigen b West ern

oottt g Besay i Eeh st raeu s oy EreE g el et SHREGEE or e
and  subjecthgmhotBnsIQdh ¥ Be ¥t in TUMmbAhBodsSHR eRBIfIRE kY HABIntRe GBbther

el ectrophoresis. After electrophoresis, the separated antigens will be

t ransf err ed cy@lysistis oghanced Wik mudtile moagclodd ablibshesd wi t h 20% nouse serum
and probed with the cl onal anti bodi to. be. man,_ | i. ndi ng
can be detected usi ng?ﬁél(rgfﬁn-rﬂgnn%ﬁmﬁig@?%?@gf fvﬁggg)ﬁ%&s%ﬁéaflﬁgg S0 can’be %&eg m
an in vivo model (e.g., in mice) to determine their efficacy in mediating phagocytosis
and killing of cells expressing EGFR, e.g., tumor cells. These antibodies can be
20 selected, for example, based on the following criteria, which are not intended to be

exclusive:

1.) binding to live cells expressing EGFR;
2.) high affinity of binding to EGFR;

25 3.) binding to a unique epitope on EGFR (to eliminate the possibility that
monoclonal antibodies with complimentary activities when used in combination would
compete for binding to the same epitope);

4.) opsonization of cells expressing EGFR;
5.) mediation of growth inhibition, phagocytosis and/or killing of cells

30 expressing EGFR in the presence of human effector cells.



and devel oped with BCI P/ NBT substrate tablets (Sigma Chem Co., St. Louis,
MO). WD 02/100348 PCT/ US02/ 18748 -34 Phagocytic and Cell Killing

Acti viti ewoabk/1bisaen Monocl onal Anti bodies to EGFR | n addipcirarsor/es7is ndi ng
specifically to EGFR, human nonocl onal anti- EGFR anti bodi es can be tested
for their ability to nedi ate phagocytosissand killing of 5 cells expressing
EG-FR. The testing of nonoclonal antibody activity in vitro will provide an
initial screening pri t i i i F: :

pol ynmor phonucl ear ce fesférgelg’\%?r?e{noro%d&ho‘é'gl’&t%@%?f%1511:1\%?1{1?1}1 om 0enaelotrhy
donors can berguand prederalily aHj eftthése driygraq e agenztay embodineht giat hwomn f ol | owed
by lysis of contam natjing erythraqcytes. .\Washed PMNs, can.be suspended in
RPM ~ suppl efaRpelanaliapiborirs,ay W3Rl TR Sp pation: oo @PLRIRICHIGLFMPSIRP I xed
with 51Cr '@&ﬁbﬁgngﬁbd & RIRTAAH LR FiFiBelofdl AP R Sor RignRtsAheresf frRET O
cells to tunor cellTs (-effector cells:tunor cells). Purified human

anti - EGFR  kg@spledwnmanentidiGER dedoelonal anfibediesdonogrdiffeten byt commplerhentanyt
human 1 gG can. be used as . negative control. says .can carr.ied out for
0-150 f nut BEMGTes SR ve IRAREE T4 e herLpaTrer 2 egraryBrERbYe Rbacur i ng
S1Cr rel eas@iaknésdictehBetc Wi UNLSrA6RST RES dBlld U donfgekitoh2onfalided Alati-can al so
be tested in conbinations with each other to determ ne whether cytolysis

i s enhanced E@fRnhyman menaslanshendibeds thas medistaginighly eifiesaiye dHpg pbiaeget cells

anti bodi es Wmh%?) e%'er[ﬂ % otfgftgc%ﬁ? ?llssc% edb\gitlli Gindt ghélﬁ‘la Al P’Mﬁ%n”&gﬁah
(e.g., in mce (6 dst’ermne thait e icacy I n ne lat| ng p agocy?oms and
ki ll'ing 1of eaedboslyekaphigsisitstbe fowh ofcdls exptesditig EBFRs. These anti bodi es can
be 20 selected, for exanple, based on the following criteria, which are not
intended to be exclusive: 1.) binding to live cells expressing EGFR, 2.)

EIGI%E ?I ];i 2: }I%P?I)dtpiitieﬁbpgrahg%mn@aﬁ'Animaﬁd\i\/ﬂ&h;&n@raﬁ 'fg g%g% mntog!Bﬁalon
conpl i ment awntidléGFRiAntibedishen used i n conbi nati on would conpete for
binding to the sanme epitope): 4.) opsonization of cells expressi ng EGFR;
S ) edi ati on of g onEhYS ARBETIsBiEL PRy SEUOBPS SRR PPFRETBY ool | s
?IS (C):T;aﬁ g(r) Sl/%i é?%gﬁg:g gl i R cRIERRBCKNhiR altiiBAbIE bf 867r&kingalulnfan NY¥ALRNA00348
antibodies that specifically bind to EGFR, preferably with high affinity. In a preferred

embodiment, the transgenic non-human animals, e.g., the transgenic mice (HuMADb
mice), have a genome comprising a human heavy chain transgene and a light chain
transgene. In one embodiment, the transgenic non-human animals, e.g., the transgenic

20 mice, have been immunized with a purified or enriched preparation of EGFR antigen
and/or cells expressing EGFR. Preferably, the transgenic non-human animals, e.g., the
transgenic mice, are capable of producing multiple isotypes of human monoclonal
antibodies to EGFR (e.g., IgG, IgA and/or IgE) by undergoing V-D-J recombination and
isotype switching. Isotype switching may occur by, e.g., classical or non-classical

25 isotype switching.

The design of a transgenic non-human animal that responds to foreign
antigen stimulation with a heterologous antibody repertoire, requires that the
heterologous immunoglobulin transgenes contain within the transgenic animal function
correctly throughout the pathway of B-cell development. In a preferred embodiment,

30 correct function of a heterologous heavy chain transgene includes isotype switching.
Accordingly, the transgenes of the invention are constructed so as to produce isotype

switching and one or more of the following: (1) high level and cell-type specific



-35 Preferred human nonocl onal anti bodies of the invention neet one or
nore, and preferably all, of these criteria. In a particular enbodi nent,

t he humarwomenosk®onal anti bodi es are used in conbi nati on, PETFISP2/8854R
pharmaceutical conposition conprising two or nore anti-EGFR nonocl onal
anti bodi es or fragnents thereof. For 5 exgnple, human anti-EG-R nonocl onal
anti bodi es having different, but conplenentary activities can be conbi ned

\na i ngl e ckherapy @%&qﬁa@gﬁ%g@rm%%%nw; Mﬁ%&&oﬂngég%gjg%ﬁtﬁaﬁlg' ffect.

An illustration o i'S wou € a conposition contal ni G-R
human nonockrdladiom id) dxpetssibhaf a swEfticeheprihmagyhtpereike o) sigaalkrdnkdurgonf(6) ar get
cells in the presence of eff or cells, conbined wt ot hey hunman

anti - EGFR ndMBeliohaermgaton. ?5@@75 depapationof mettganﬁgﬁéle@%&@%?uscf@lrmg the
expressi ng EffRne tdspod3t 0duct i on of Transgeni ¢ Nonhuman Ani mals Wi ch
Generate Human Monocl onal Anti-EGFR Anti bodies In yet another aspect, the
i nventi o provi des tr Alosaglénf the iomghingrnteria Beechbemaks , Fos egampla, inrthoregeni ¢

m ce, which are.capabl.e of expressing. human ocl anal, antibodi es t hat
Speci 11 cal | SBPAIRD RS i HgRony iimRoBIP B Ip il Fnspenic pympLatF o
enbodi ment, fift@ohdIRNESEHEE, tHOTHakteBR MRA NIRAGvaR-allelic EXQusidr TREMBE, Gn M CE
(HuMAb m ce), have a genone conprising a human heavy chain transgene and a

li ght chai nthase ambedimentsiwheseie therttrsaganesomprises a fupetigely ecamengadivary
animal's, e. gnd/g%p %%étcﬁ%ﬁ?rgﬁ%@éggm gceglghtlﬂg\s/gcgﬁg %Hte%ifran&' e gina\lllvI g%rrl]e a purified

or enriched pr and/or cel'l's explres g EGFR

Pref erablgy, réadp@ngdnidis gfaitinecdasuiy, g et N ihanirsnsgenegwhich ialréhdpreaganded. m ce,
are capabl e _of producing nultiple isotypes of human nonocl gnal  anti bodi es
to EGFR (e. §or backeround an mipdgcytar jrymunplogy.rigerfy@damenieldmmunologys 2 nchedition and
i sotype sw | ; SWM I : . hcal or

non- cl assi cgﬁyggq)ials%?@%éﬂ?vﬁ @e%‘%ﬂ%‘p%ﬁgwdggﬁﬁ{%“ﬁ H%C%{I% 5?1%%2%?? on- hunman
ani mal that refesponds to foreign antigen stimulation with a heterol ogous

anti body repertoire, Eecl%ti tes thcgﬁt9 t he, heterol ogous i mmgggﬁl}ob lin
transgenes contain wi thfhEmbodimefs ih rapserie NPRRLmap Aninaly ysg t“?_y
throughout LRerRa iR mEide’inhl &R1664RPIRIME inveltien B HéLRAngsOdi ment, 30
correct function of a heterol ogous heavy chain transgene includes isotype

swi t chi ng. umgnartﬁed@ry,comh@a;iolaﬂ%@@mwedfand Herepmangg ihoﬁqrczio@u@pnst ructed so
25 L0 r oduGe | ROLYRGin RU SR igh AReln HlEeRhed R RmihiEof B\ digc (1) 11 o
: animal. Each of the heavy chain transgenes comprises at least one Cy gene. In addition,
the heavy chain transgene may contain functional isotype switch sequences, which are
20 capable of supporting isotype switching of a heterologous transgene encoding multiple
Cy genes in the B-cells of the transgenic animal. Such switch sequences may be those
which occur naturally in the germline immunoglobulin locus from the species that
serves as the source of the transgene Cy genes, or such switch sequences may be derived
from those which occur in the species that is to receive the transgene construct (the
25 transgenic animal). For example, a human transgene construct that is used to produce a
transgenic mouse may produce a higher frequency of isotype switching events if it
incorporates switch sequences similar to those that occur naturally in the mouse heavy
chain locus, as presumably the mouse switch sequences are optimized to function with
the mouse switch recombinase enzyme system, whereas the human switch sequences are
30 not. Switch sequences may be isolated and cloned by conventional cloning methods, or

may be synthesized de novo from overlapping synthetic oligonucleotides designed on

the basis of published sequence information relating to immunoglobulin switch region
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recombination of the V, D, and J gene segments (functional rearrangement) and
preferably support incorporation of all or a portion of a D region gene segment in the
20 resultant rearranged immunoglobulin heavy chain within the transgenic non-human
animal when exposed to EGFR antigen.
In an alternate embodiment, the transgenes comprise an unrearranged
"mini-locus." Such transgenes typically comprise a substantial portion of the C, D, and
J segments as well as a subset of the V gene segments. In such transgene constructs, the
25 various regulatory sequences, e.g. promoters, enhancers, class switch regions, splice-
donor and splice-acceptor sequences for RNA processing, recombination signals and the
like, comprise corresponding sequences derived from the heterologous DNA. Such
regulatory sequences may be incorporated into the transgene from the same or a related
species of the non-human animal used in the invention. For example, human
30 immunoglobulin gene segments may be combined in a transgene with a rodent
immunoglobulin enhancer sequence for use in a transgenic mouse. Alternatively,

synthetic regulatory sequences may be incorporated into the transgene, wherein such
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(described in Example 12 of WO 98/24884), a single copy (per haploid set of
chromosomes) of a rearranged human K light chain construct (described in Example 14

20 of WO 98/24884), and a deletion at each endogenous mouse heavy chain locus that
removes all of the functional Jy; segments (described in Example 10 of WO 98/24884).
Such animals are bred with mice that are homozygous for the deletion of the Jy
segments (Examples 10 of WO 98/24884) to produce offspring that are homozygous for
the Jy deletion and hemizygous for the human heavy and light chain constructs. The

25 resultant animals are injected with antigens and used for production of human
monoclonal antibodies against these antigens.

B cells isolated from such an animal are monospecific with regard to the
human heavy and light chains because they contain only a single copy of each gene.
Furthermore, they will be monospecific with regards to human or mouse heavy chains

30 because both endogenous mouse heavy chain gene copies are nonfunctional by virtue of
the deletion spanning the Jy region introduced as described in Example 9 and 12 of WO

98/24884. Furthermore, a substantial fraction of the B cells will be monospecific with
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more, will be produced, depending primarily on the number of different V, J and D
regions introduced into the mouse genome. These immunoglobulins will typically

20 recognize about one-half or more of highly antigenic proteins, e.g., staphylococcus
protein A. Typically, the immunoglobulins will exhibit an affinity for preselected
antigens of at least about 10'M7, preferably at least about 10°M™', more preferably at
least about 1010M",101 ]M'l, 1012M'1, or greater, €.g., up to10°M™! or greater.

In some embodiments, it may be preferable to generate mice with

25 predetermined repertoires to limit the selection of V genes represented in the antibody
response to a predetermined antigen type. A heavy chain transgene having a
predetermined repertoire may comprise, for example, human VH genes which are
preferentially used in antibody responses to the predetermined antigen type in humans.
Alternatively, some VH genes may be excluded from a defined repertoire for various

30 reasons (e.g., have a low likelihood of encoding high affinity V regions for the
predetermined antigen; have a low propensity to undergo somatic mutation and affinity

sharpening; or are immunogenic to certain humans). Thus, prior to rearrangement of a
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segments; frequently at least 85 percent of the variable regions are encoded by human

In

germline sequences present on the transgene; often 90 or 95 percent or more of the

20 variable region sequences are encoded by human germline sequences present on the
transgene. However, since non-germline sequences are introduced by somatic mutation
and VJ and VDI joining, the human sequence antibodies will frequently have some
variable region sequences (and less frequently constant region sequences) which are not
encoded by human V, D, or J gene segments as found in the human transgene(s) in the

25 germline of the mice. Typically, such non-germline sequences (or individual nucleotide
positions) will cluster in or near CDRs, or in regions where somatic mutations are
known to cluster.

The human sequence antibodies which bind to the predetermined antigen

can result from isotype switching, such that human antibodies comprising a human

30 sequence y chain (such as yl, y2a, y2B, or y3) and a human sequence light chain (such as
K) are produced. Such isotype-switched human sequence antibodies often contain one

or more somatic mutation(s), typically in the variable region and often in or within about
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frequent!ly hepién BHN®Z a polypeptide sequence which is substantially identical to a polypeptide
sequence encoded by a human Vy gene segment, optionally a D region, and a human Jy
20 segment, and (2) a constant region having a polypeptide sequence which is substantially
identical to a polypeptide sequence encoded by a human Cy gene segment.
The development of high affinity human monoclonal antibodies against
EGFR is facilitated by a method for expanding the repertoire of human variable region
gene segments in a transgenic mouse having a genome comprising an integrated human
25 immunoglobulin transgene, said method comprising introducing into the genome a V
gene transgene comprising V region gene segments which are not present in said
integrated human immunoglobulin transgene. Often, the V region transgene is a yeast
artificial chromosome comprising a portion of a human Vy or Vi (Vk) gene segment
array, as may naturally occur in a human genome or as may be spliced together
30 separately by recombinant methods, which may include out-of-order or omitted V gene
segments. Often at least five or more functional V gene segments are contained on the

YAC. In this variation, it is possible to make a transgenic mouse produced by the V
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such as sequences required for autonomous replication in yeast; such sequences may
optionally be removed by genetic engineering (e.g., restriction digestion and pulsed-field

20 gel electrophoresis or other suitable method) after replication in yeast in no longer
necessary (i.e., prior to introduction into a mouse ES cell or mouse prozygote). Methods
of propagating the trait of human sequence immunoglobulin expression, include
breeding a transgenic mouse having the human Ig transgene(s), and optionally also
having a functional YAC having an expanded V segment repertoire. Both Viyand V.

25 gene segments may be present on the YAC. The transgenic mouse may be bred into any
background desired by the practitioner, including backgrounds harboring other human
transgenes, including human Ig transgenes and/or transgenes encoding other human
lymphocyte proteins. The invention also provides a high affinity human sequence
immunoglobulin produced by a transgenic mouse having an expanded V region

30 repertoire YAC transgene. Although the foregoing describes a preferred embodiment of
the transgenic animal of the invention, other embodiments are contemplated which have

been classified in four categories:



identical to a polypeptide sequence encoded by a human CH gene segnent. The
devel opnent of high affinity human nonocl onal anti bodies against EGR is
facilitatwo domom4sret hod for expanding the repertoire of hwrarvseziszapl e
region gene segnents in a transgenic nouse having a genone conprising an

i ntegrated human 25 i mmunogl obul in transggne, said nethod conprising
introducing into the genone a V gene transgene conprising V region gene
segnents which are no . j | r aﬁ&ﬁﬁ& 'nguﬂ% in
transgene. O ten, theﬁvﬂﬁg @%a??gﬂgggﬁghﬁg%gq?g%gi art?*XC|a g%ﬁ&%ﬁnsone
conpri si ng adightimimmvgtfbulinlmansgend/H or VL (VK) gene segnent array, as may
naturally occur in a Eﬁﬁan enone or as, may be spliced #o et her 30
separately by reconbi faffethoiy™m °Bﬁnﬁé§m? Fesd ey B der or
omtted V g%ﬂ%aﬁ@m%hgimlglﬁ@po@ﬁmltﬁa%eng;i ve or nore functional V gene
segnents are contained on the™ YAC. In is variation, it is possible to
make a triansgeni ¢ noudB. Pravspgoidinbyalichatainingredzanged I4avyROT) a0SOR¢an8ngsl - 42
repertoire ﬁxgﬁnsion t§0%7 wheneig t he nouse expresses an i mrunogl obulin
chain conpr &8 Y YR UEBI"E"18E8° N  sequence encoded by a V regi on gene
segment present on t g Vrah§@hRMmnihassaaa@inndardariged BV hng RERMAageDgHthe
human |1 g transgene. By neans of the V repertoire expansion nethod,
transgeni c AngBInpglopwlen wanspengst 5 distinct V genes 5 can be generated; as
can mce containing a nes: ﬁgﬂﬁ ene
segnents may be non-fﬁﬁgﬁﬁgﬁgﬁgﬁg%ﬁ.ﬁ?%‘gﬁ@%%%ﬁ%ﬁgghﬁﬂ? e F%é?? t hese
segnent s10 mMpyefb@néeesik as e warll may lible> e detd the biydogehatsdiphbyhairegeaneb (oramnt
met hods avail able to the skilk&d artisan, if desired. Once the nouse

germl i ne hadeaskl Kegrgenbasicdrsen bnackfit atpyhompleaqus segombirptipaconafitng an
expanded V SSARR)and £RAT L 91BFV PSR BhidhYu R PRAR Eles v R tiTan | g

t ransgene cont ing the and C gene segnents, the trait can be propagated

and bred i rkhocketllvet argemastibe domaiagedynalks]icierdhsion.ng backgr ounds where t he

functional YAC having an expanded V segnent repertoire is bred into a

nouse germine having a different human I g transgene. Miltiple functional

YACs havjng IaNBRy&HMIEMulMsPRiffkeUBRBleS QREEE Bindqo WE@FRPe bred into a gerniine

to work with a human Tg transgene (or nultiple human | g transgenes).

Al though referred to Heveianodisr ypddimgpisydhenyeripahhumanmeneshensl when

| ntegrat ed 1,040, 08, GRANTE, TRV, SURSEAPLLALLY wkASK KRS LeEMENERucaich as

sequences required Tor autonorfous reptication In’yeast; such sequences may
another functional molecule, e.g., another peptide or protein (e.g., an Fab' fragment) to

generate a bispecific or multispecific molecule which binds to multiple binding sites or
20 target epitopes. For example, an antibody or antigen-binding portion of the invention
can be functionally linked (e.g., by chemical coupling, genetic fusion, noncovalent
association or otherwise) to one or more other binding molecules, such as another
antibody, antibody fragment, peptide or binding mimetic.
Accordingly, the present invention includes bispecific and multispecific
25 molecules comprising at least one first binding specificity for EGFR and a second
binding specificity for a second target epitope. In a particular embodiment of the
invention, the second target epitope is an Fc receptor, e.g., human FcyRI (CD64) or a
human Fca receptor (CD89). Therefore, the invention includes bispecific and
multispecific molecules capable of binding both to FcyR, FcaR or FceR expressing
30 effector cells (e.g., monocytes, macrophages or polymorphonuclear cells (PMNs)), and
to target cells expressing EGFR. These bispecific and multispecific molecules target

EGFR expressing cells to effector cell and, like the human monoclonal antibodies of the



optionally be renpved by genetic engineering (e.g., restriction digestion
and pul sed-field 20 gel electrophoresis or other suitable nethod) after
replicatiwoo2noogesmst in no | onger necessary (i.e., prior PCo/tuSN/IsT@ICt i on
into a nouse ES cell or nouse prozygote). Methods of propagating the trait
of human sequence i mrunogl obulin expressipn, include breeding a transgenic
nouse having the human Ig transgene(s) and optionally also having

functional YAG hayi 'txriI e 'ic FeLRALY ﬁ'%%i\ét%fs%f@% cEIF RGNS ?uch%génaeg%%t%grg 0}’%

gene segnents nay resent” on € transgenic no
into any b&GHR mmeksnhgscensednthi}odyrthpmchnt dellioedated rcymtaxmbxtygAﬂiaiC(R)gr ounds
har bori ng ot he n transgenes, inclu |n9 human 1 g transgenes and/ or

transgenes &XE HFﬁ CHChErEChth ﬁnof?ﬁﬁﬁﬁ %81 ot ei ns. The invention al so

provi des a high affi nigiyheBdtRAd SRANGRGEC nld REANR I dRUhIhtBh RV ARGPY 2
transgeni c nouse having an expanded V region 30 repertoire YAC transgene.

Al t hough 5 héndladeetbird girdérspetifisity iprédigon toanemitiokli breding specifidiy andansgeni c

ani mal of the.i oth odi ne co t ed h. have

Poen ! ass: AR bigdihe SRt do Stk ErRngnt 46 B Prdis Rt i
Transgenic %H!l-fé'ﬁhzﬁlcérﬁé‘ﬁt&hdibﬂ'(% ?@oﬁnraeagr anggctulterri¥h Bids i aburtiRe pebteihi ght

i mmunogl obul i n _transgene,; ransgeni ¢ ani mal s contai ni ng an unrearranged

heavy and uWOé‘éﬂdrlaﬁ@@tPXIlq f{fﬁt\’ltY ﬁﬂ@rﬂ@mbbj Bedreases the imgwine response agaimptahes geni ¢
ani mal cont %r”ét’}%ur §HL & Qgeqﬂagciee%le%lr?aggr Brtid" E&H D& ﬁl%bo{i%qrmctlon

i mrunogl obul it A" tTansgene; ransgeni c anrna s contdining rearranged
heavy and) reaﬁb@yge@rﬂmgmallgaﬂmNMm@irﬁibwaglvrenanﬂ@ﬁmes .g.,@h ahtigsroreat egori es
of transgenic animal, the preferred order §§Wf§ ence is as follows Il

S >0l > rrosrpmané tqurebYerﬁaBtjéﬁ 8% §nlnn@rrflerﬁn tb%lvmétng detegginaplse K
gene) have l?@rer 9%%%r Qluttar%%i'ce'fngﬁ €9 Oifze *a%ﬁcgmhﬁ@}deﬁf‘fa@f& pﬁr‘ﬂ%ﬁ* canTet hod)
Fre e en 5

and | >[I > I ere t enous |1 ght chalin genes have not been
knocked out bardchmﬁbsrtecd:peordmmtmgemutaymgéd e‘hlrtezmaﬁmlwﬂre(ﬁml -rhandenenBfastpeci f i c/

Pl ol i S BT Rtk S04 et b o of Lhe
por ti ons; 3 hes@Rl bifkily §RcifeftieY BindZ #dr BXankplfBdardtRenhancement factor portlon can
bind a cytotoxic T-cell (e.g. via CD2, CD3, CD8, CD28, CD4, CD40, ICAM-1 or other
immune cell that results in an increased immune response against the target cell).
In one embodiment, the bispecific and multispecific molecules of the
invention comprise as a binding specificity at least one antibody, or an antibody

20 fragment thereof, including, e.g., an Fab, Fab', F(ab')y, Fv, or a single chain Fv. The
antibody may also be a light chain or heavy chain dimer, or any minimal fragment
thereof such as a Fv or a single chain construct as described in Ladner et al. U.S. Patent
No. 4,946,778, issued August 7, 1990, the contents of which is expressly incorporated
by reference.

25 In one embodiment bispecific and multispecific molecules of the
invention comprise a binding specificity for an FcyR or an FcaR present on the surface
of an effector cell, and a second binding specificity for a target cell antigen, e.g., EGFR.

In one embodiment, the binding specificity for an Fc receptor is provided
by a human monoclonal antibody, the binding of which is not blocked by human

30 immunoglobulin G (IgG). As used herein, the term "IgG receptor"” refers to any of the
eight y-chain genes located on chromosome 1. These genes encode a total of twelve

transmembrane or soluble receptor isoforms which are grouped into three Fcy receptor



anot her functional nolecule, e.g., another peptide or protein (e.g., an
Fab' fragnent) to generate a bispecific or multispecific nolecule which
bi nds t o wolo2iimides bi nding sites or 20 target epitopes. FoPCEAmOPIST4S an
anti body or antigen-binding portion of the invention can be functionally
| i nked (e.g., by chem cal coupling, genegsc fusion, noncoval ent

associ ation or otherwi se) to one or nore other binding nolecules, such as
anot her antj body i fr b i\ndi ] i C.

Accor di ngl yf:fafsr%' %ﬁg‘ggén‘?gwgc ﬁﬂ(@?&i&%@ﬁg%@gﬂg @{ol)ef(ﬁ)i‘ ?r%:&gen%gefr%uﬁﬂii specific
25 ol ecul egmeediRTchE ROIF @tredeplsyta HRIRRNTHigSAfRIN HoyRI. SPRGiubiaaiFcyRI gk 72GFR and
a second binding specificity for a second target epitope. In a particular
enbodi ment bDatlingeCllilmmli@ﬁwst}l@l%fﬁ@@h@rm*@meﬂéég dp¥ -il9°MH).Fc receptor,
e.g., human FcyR (CDgﬁ or. a. hu Fca .r p 1.Jh fore, the

i nvention includes bi p%&mfdlugnoélnadlmﬁu a? %glﬁaégoﬁfoltfgﬁeﬁ%%%%%dsmgg%g%q%é of

bi ndi ng BBot bnfikbdieWR ddsealRddy FRRE @xphiePengpBthtehWotssrome? kad (LUS. ,
nonocyt es, nacrophages or ggltymrphonuclear cell.s (PMNs and to target

cel | s expr eS8iepgNEE-04.qle the thachpas pf whichge thlp%%ﬁﬁe%lé”yﬁﬁfleﬁéw Byeingr get

2nt1 bodt es. oL thefeo Rl gEtdant BebuRIgia R S APRIDT e PRBF Icer e
recept or - nedisgh&drdh HRAGbikihd siRcfithd fet@Sor HUChuashdhbigatygtiosdtdbledke@a EGR

expressing cells, antibody dependent cell-nedi ated cytotoxicity (ADCC),
cyt oki ne r ebemtantially byjpheiaogionl levelsefdetordipdefiaantad cyRd antidedies eselr dn

mul tispegcj fi,c nolecul es i n{ 4 Qn th il pel vde third

bi ndi ngelg)lpegfl? l“cVFW’,n rﬁhg‘%%??’ﬁ\gﬁ%;ég’ y#%aﬁﬁﬁx&ég%%iaﬁglﬁ%’gbéggc?%l@f t”ﬁ‘"‘élr‘i‘d an
anti - EGFR biprdiutigig 3AaB6 3R iichaylablt frogNte eh@tiadybe CuhgretColtediidn, ATag
specificity is an anti-enhancenent factor (EF) portion, e a nol ecul e

whi ch bi nda Acecsaiondic, dEASH o AatrT TR &8 H(Fb toylFamesnt LoD 22 gnckieeel be
th by i t he,j o i h t 1. ..T
o haneBRRRR MR ot RRAARGI S IELE T ohRG s BURfnu e ani 1

anti body fr ag@ptat agibody lid gRmndariRalt folth 86 moncland) iad@Fody22@ 1R, The 9., an
antigen or a receptor, and thereby results in _an enhancenent of the effect

of the bindpryugierceng dharrcterizatim afiflee H2 patghody oy deseribed ig&iragiang, Rahtat gen.
The "anti-e f@gﬁ 0fglok QA ' . t ar get
cell anti geK. F’ggﬂﬁrml%r{o@g%{m?ﬁ%bgﬁppggn gﬁ?@@gﬁ‘@ﬁ%t gﬁg?%g%hlg%dygan bi nd
to an enti t yprdduaingicsll tiné vas depositedanthdhamenitart YypeoCulhire Kotlbeiohionst and 15

;g?? In gnblcgﬁ Il\ﬂ)%eri grcél,flbgi ;[nll(ﬁ:% tl?el c[-!cgfgnaFt%n ﬁﬁ%g?(llf 1 aru]}?as t é ;Iiécgsf]spo%nnco?%ﬂt factor
11177.

20 In still other preferred embodiments, the binding specificity for an Fc

b

receptor is provided by an antibody that binds to a human IgA receptor, e.g., an Fc-alpha
receptor (FcaRI (CD89)), the binding of which is preferably not blocked by human
immunoglobulin A (IgA). The term "IgA receptor” is intended to include the gene
product of one a-gene (FcaRI) located on chromosome 19. This gene is known to

25 encode several alternatively spliced transmembrane isoforms of 55 to 110 kDa. FcaRI
(CD89) is constitutively expressed on monocytes/macrophages, eosinophilic and
neutrophilic granulocytes, but not on non-effector cell populations. FcaRI has medium
affinity (= 5 x 107 M) for both‘IgAl and IgA2, which is increased upon exposure to
cytokines such as G-CSF or GM-CSF (Morton, H.C. et al. (1996) Critical Reviews in

30 Immunology 16:423-440). Four FcaRI-specific monoclonal antibodies, identified as



bind a cytotoxic T-cell (e.g. via CD2, CD3, CD3, CD28, CD4, CD40, |ICAM 1 or
other immune cell that results in an increased i nmune response agai nst the
t arget cewb)o2/10m40ne enbodi nent, the bispecific and nul ti epeaishz/cs7a®ol ecul es
of the invention conprise as a binding specificity at |east one anti body,
or an anti body 20 fragnment thereof, inclagling, e.g., an Fab, Fab', F(ab')2,
Fv, or a single chain Fv. The antibody may also be a |ight chain or heavy

chaln di mer ,, L0 an f I
chai 1 conet ATeAsEXGIA R APRRA ook IFLERE HEA Ao il adhBhRNe
i ssued Augubéen/desdrdd, (Mdm&:mpRt@rHt gl. of99h. dnivsoE X $8:€364)y | ncor porated by

reference. 25 I n one enbodi nent bispecific and nultispecific nolecul es of
the invention conpri §ecBl #ndlnyReargqueferpd frigeer weepiprsfesedn theinyasirn
present on I n

Speci 11 ci 1y ParSebELER P aafbs Bl pREhAY TmudBRoP SR e hBBUMer, (e
bi ndi ng §pe@MNs;lrﬂaxcrd‘phagaranEdemc&nfepiem (E)Semmécdﬂdug}blyvas tmgr;moomnocl onal
anti body, the binding of which is not bl.ocked by human 30 inmmunoglobulin G

(190 . As uslaopbpaicslD; t(i‘Pem?‘E?tﬁfs q @@OF%%B‘FB’F“CSK%%@@% RRgogtosine® ei ght
y-chain gen?n%d a?ecso ﬂ(’begrhnﬁgérplg’e%%oﬁ of aERBs IR ﬁ&lng@ pdftident, qu?leteﬁft twel ve

t ransnenbr ane or I'sof or ms. whi ¢ grouped into three Fcy
recept or WOtea1.100348 PCT/ US02/ 18748 -45 cl asses: FcyRI (CD64) ,

FcyRI | (CD32), d F | f d F
Feseptor o human hi gh AP PERTIOORGH. PSR A P Epeg T Seor of e
ol ecul ey W&Htl&hﬁ%em(ﬂﬁbr?ﬁ%fa'%& %§&Elﬂ€ﬁ§‘m x‘écdﬁlﬁe@ l@é bih8ONM, a}ar%élfhe

production and characterization of these preferred nonocl onal 5 antibodi es
are descri bed! dytigearges EetRatln ajprefpox %lplmdll@atlfb the bidigsseodBity anprovided). S.

Pat ent No. §¥g?ﬁm%7 ono@l%nal z}ngg%;?ﬂoftﬁfﬂr&s%n?mven?ofu' |y incorporated by

reference h eseé ant 0 an epi'tope of FcyRI, FcyRII or

FCyRII'l at a site whi e leffectdi &l spedifit aatibddye afagedhereoh Rers td £n a&fubbbya
receptor and, thus, their binding is not blocked substantiall

physi ol ogi c&r funsienal a@qudgjéagswﬁébqhﬁq kindgrthe Feeserptonpt ¢lfrstnraslly I}éﬁfﬂ”efln 10
t hi t
hybr i dons Berois 19 g s ok n b HERe peccloMifecke Cell T site

Col | ect i on, whidBGs néctamd ibgrndigenbiBIdtRunoghtbulikcyRI MAb 22, F(ab')2

fragnents of MAb 22, and c be obtaln frorﬁ,, arex, .lnc. Aﬁ‘ %n ale
N.J.). In other enbodi ¢ el‘?lﬁet glllecr{n i€ ctor cell" refers to an immune cell w

involved in the effector phase of an immune response, as opposed to the cognitive and
activation phases of an immune response. Exemplary immune cells include a cell of a
20 myeloid or lymphoid origin, e.g., lymphocytes (e.g., B cells and T cells including
cytolytic T cells (CTLs)), killer cells, natural killer cells, macrophages, monocytes,
eosinophils, neutrophils, polymorphonuclear cells, granulocytes, mast cells, and
basophils. Some effector cells express specific Fc receptors and carry out specific
immune functions. In preferred embodiments, an effector cell is capable of inducing
25 antibody-dependent cell-mediated cytotoxicity (ADCC), e.g., a neutrophil capable of
inducing ADCC. For example, monocytes, macrophages, which express FcR are
involved in specific killing of target cells and presenting antigens to other components
of the immune system, or binding to cells that present antigens. In other embodiments,
an effector cell can phagocytose a target antigen, target cell, or microorganism. The
30 expression of a particular FcR on an effector cell can be regulated by humoral factors
such as cytokines. For example, expression of FcyRI has been found to be up-regulated

by interferon gamma (IFN-y). This enhanced expression increases the cytotoxic activity



receptor antibody is a humani zed form of nonocl onal antibody 22 (H22). The
15 production and characterization of the H22 anti body is described in

G azi ano,wB.0e/100888 al . (1995) J. Imunol 155 (10): 4996- 5002/tmnL18748

PCT/ US93/ 10384. The H22 anti body producing cell line was deposited at the
Anerican Type Culture Collection on Novgpber 4, 1992 under the designation
HA022CL 1 and has the accession no. CRL 11177. 20 In still other preferred

hodi . c e Pl ! . : :
ant 1 body t hal FRIeARhE IRBRGR o Gk, gt el EACARMRL bR AN AGRCPY
(FcaRl ( CD8Qptigentdra thrigetdietlg of which is preferably not bl ocked by hunman

i mrunogl obulin A (1gA). The term"|IgA receptor! is intended to include the
gene product of one alyéereellEshat meanznyuadesrablertiel ibashyeatde-eTahemgane i s

known to 25 : I . i i r of
55 to 110 kB IRAT PR Ry e e BEL L GOl e IR B PP
nonocyt esy macpegpfiages mubtopecifiphidlécnlenfitheripumtiophin prefegred ruibodiptenss, tHeut not
on non-effector cell pul ati.ons. FcaRl has i u affinit ~ 5 x 101
Ve ) or botHETGAT AL RS GAE AV ST R B SRS E TR oyt oki nes
such as G Ci%?i%ilg%lﬁ@:tuﬁ%?Eél%ﬂsuc‘ﬂ-a@bla%ﬁ @breaét}&ﬁ@, leldeS/j &\_%lriageﬁfbﬁé%, in 30

| mmunol ogy :423-440) . Four FcaRl - speci ?I ¢ nonhocl onal anti bodies,
identified ssnal@lD2dueoossgelRdmig s0a/su8l48ll), andhegel andseck peorgalds. A2ther whi ch

el

preferred t MbgORMares epitRtfafridnt 4B arthritistdnd psovBR, td@pectivelgause they are (1)
expressed primarily on imune effector cells, e.g., nonocytes, 5 PM\s,

macr ophages and dendr i'hite kusnangmonogjonalatibediss argiprefiegyrd.|ashasagtipadies. 5 000-
100, 000 per : [ of eyt i iViLi NS
phagocyt osi g?l %H(ézﬁj bg%&@g%%}ﬁ%g?%ﬁ? %gg{ﬁﬁggggeﬂn%]%%@%n 0 egig‘r/] |tgen§e,

i ncl udi ng setdrinenéhigens and aumgaiied hanocidnehantibndies.her enbodi nment s,

bi specific and nultispecific nolecules of the 10.invention. further éigﬁ rise

a binding specifi ci ty “RHPEH PEESgHBSToRconal Hitipadics §; e Lhimereantibe
antigen, 1. gan b?ﬁé&céd%yare&m@iﬁér{t%& OB EB knov R the BYI P& SARPI LCI LY 1S
provi ded by a human nonocl onal anti body of the present invention. An
"ef fect or cegkhe gpedingithe Batdnsadyregms of sanuriner(et etherdpeciss)troormnloanl i body
antibody molecule is digested with restriction enzymes to remove the region encoding
the murine Fc, and the equivalent portion of a gene encoding a human Fc constant
region is substituted. (see Robinson et al., International Patent Publication
20 PCT/US86/02269; Akira, et al., European Patent Application 184,187; Taniguchi, M.,
European Patent Application 171,496; Morrison et al., European Patent Application
173,494; Neuberger et al., International Application WO 86/01533; Cabilly et al. U.S.
Patent No. 4,816,567; Cabilly et al., European Patent Application 125,023; Better et al.
(1988 Science 240:1041-1043); Liu et al. (1987) PNAS 84:3439-3443; Liu et al., 1987,
25 J. Immunol. 139:3521-3526; Sun et al. (1987) PNAS 84:214-218; Nishimura et al.,
1987, Canc. Res. 47:999-1005; Wood et al. (1985) Nature 314:446-449; and Shaw et al.,
1988, J. Natl Cancer Inst. 80:1553-1559).
The chimeric antibody can be further humanized by replacing sequences
of the Fv variable region which are not directly involved in antigen binding with
30 equivalent sequences from human Fv variable regions. General reviews of humanized
chimeric antibodies are provided by Morrison, S. L., 1985, Science 229:1202-1207 and
by Oi et al., 1986, BioTechniques 4:214. Those methods include isolating,



or functional antibody fragnent that binds the Fc receptor of effector
cells. Preferred 15 antibodies for use in the subject invention bind the
Fc receptwo oofiomshs ector cells at a site which is not boumrdThsoBmiegenous
i mmunogl obulin. As used herein, the term"effector cell” refers to an

i mmune cell which is involved in the effjgctor phase of an i nmune response,
as opposed to the cognitive and activation phases of an i nmune response.
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The human CDRs may be replaced with non-human CDRs using oligonucleotide site-
20 directed mutagenesis as described in International Application WO 94/10332 entitled,
Humanized Antibodies to Fc Receptors for Immunoglobulin G on Human Mononuclear
Phagocytes.
Also within the scope of the invention are chimeric and humanized
antibodies in which specific amino acids have been substituted, deleted or added. In
25 particular, preferred humanized antibodies have amino acid substitutions in the
framework region, such as to improve binding to the antigen. For example, in a
humanized antibody having mouse CDRs, amino acids located in the human framework
region can be replaced with the amino acids located at the corresponding positions in the
mouse antibody. Such substitutions are known to improve binding of humanized
30 antibodies to the antigen in some instances. Antibodies in which amino acids have been
added, deleted, or substituted are referred to herein as modified antibodies or altered

antibodies.



whi ch can be enployed in the bispecific or nultispecific nolecules of the
invention are nmurine, chinmeric and humani zed nonocl onal anti bodi es.

Chi mer i ¢ wouwgaedwsran nonocl onal anti bodies (i.e., chineriecantsobodues) 15
can be produced by reconbi nant DNA techni ques known in the art. For
exanple, a gene encoding the Fc constanagregi on of a nurine (or other
speci es) nonoclonal antibody nolecule is digested wwth restriction enzynes

to remove the region ?ﬁ@%gﬁ]r]ﬂodifigc?aﬂﬂﬁrogg?s 4160 inféiled YL Xﬁ%b%ﬁfes%% fiion of

a gene encodi ng a huma const ant ion 1s substituted. (see I nson
et al., I|ntesmahocdosl adicelids, dhutnkiic abtitmdic2OandGinds864 adtbdiiesAldiclahavet al . |
Eur opean Pa%ent A@gli ation,6 184,18 d Tani guchi, M, . Eurqpean ch,t ePnt

Appl i cat i onPiemmagged rt¥s Ctie: & e B P SaKingpoans /h eia('i‘HP‘i’ n 0173, 494;
Neuber ger etxahple, dninBbO@) LANRImANREL BREEICINNR: 86w 3ciof-atd epicigl i@l -
U S. Patent No. 4,816,567; Cabilly et” al., European Patent Application

125, 023; SBemtitra enstaht regipn 988nSoiinerease hal:1fe,41g. 1848) halfilife,estabdity of 1987)
PNAS 84: 3439:3443;. .Liu et ,kal 1987 5 J. . nol ., 139;3521-3526;, Sun et
ol (1087) AR AhSouT A trieatiah Ryt HiGisone g B BAEH Y long
47:999- 1005355 Weaskpstifidland ml@&pcibidmvl@uiblths 4dRadt bR antiicbnHighnLicgddn . 1988,
J. Natl Cancer Inst. 80:1553-1559). The chineric antibody can be further

humani zed bypecild fae pmfodeendeniggers ableastivae Fifeser funeias. r egi on whi ch are not
directly involved in antigen bindin i.th 30 ui.v.al ent seqguences from
human Fv variabl e reggbwggﬁe;gﬂ%mﬂsgg%g\%ﬁe&feﬁ3ﬁﬁ}$i%5&n @ﬂ?rﬁﬁ’ icén()e

anti bodi@s aiade REiAY ch&ficiMteddidues e e% Db.-M. KA8E or AC{188¢LPLRRINGZ Wendj207 and
by G et al., 1986, Bi oTechni ques 4:214. Those nethods include isol ating,

WO 02/ 100348¢ciPBPAUSH 80737 pelydomg” teahinigudsdBenly;S. Ratenedpre8%3. igyResringiuet ei ¢

aci d sequen - O or part of imunoglobulin Fv variable
regi ons frog%ecg)fntb eagﬁﬁo%n%g%jﬁ&%esheavy or light chain. Sources of such

nucl ei c acid are wel | Ikpaticulagbishesfic sid mukdpédifi¢c meleatles ahthe pfegentexanpl e,
may be obtained from 7E3, an anti-GPl1hllla antibody producing hybridoma.
The recombi HAIFEIS! BRLCGHERTERTRY %%ugﬁﬁpﬁﬁﬁC@n%mtlmga&ﬁ}ngoﬁpef&a@ﬁérﬁg-ﬂh%reof,
can_t hen <b¢ ofih PR dnlt BHE-EUFR BRABRbEAEEX BLIRE SR RALA in S LkARhe
humani zed anti bodi es can alternatlively be produced by CDR substitution

U. S. Pat ent dbsceib&d 5138¢ edaom@es mbvided hdreBt Maexareplg 2xhch bindig2peciVeithofthan et

?4'1: }1822- 28 gc,gggﬁcz gr?d r%lgﬁébec?ﬁ'g mlgﬁ:icgfe%ran %(te ggrlle'ratg:' sBe%af]a'tel}I/ g'nw&lﬁlce)h conjugated to
one another. When the binding specificities are proteins or peptides, a variety of
coupling or cross-linking agents can be used for covalent conjugation. Examples of

20  cross-linking agents include protein A, carbodiimide, N-succinimidyl-S-acetyl-
thioacetate (SATA), 5,5'-dithiobis(2-nitrobenzoic acid) (DTNB), o-
phenylenedimaleimide (o0PDM), N-succinimidyl-3-(2-pyridyldithio)propionate (SPDP),
and sulfosuccinimidyl 4-(N-maleimidomethyl) cyclohaxane-1-carboxylate (sulfo-
SMCC) (see e.g., Karpovsky et al. (1984) J. Exp. Med. 160:1686; Liu, MA et al. (1985)

25 Proc. Natl. Acad. Sci. USA 82:8648). Other methods include those described by Paulus
(Behring Ins. Mitt. (1985) No. 78, 118-132); Brennan et al. (Science (1985) 229:81-83),
and Glennie et al. (J. Immunol. (1987) 139: 2367-2375). Preferred conjugating agents
are SATA and sulfo-SMCC, both available from Pierce Chemical Co. (Rockford, IL).

When the binding specificities are antibodies (e.g., two humanized
30 antibodies), they can be conjugated via sulfhydryl bonding of the C-terminus hinge

regions of the two heavy chains. In a particularly preferred embodiment, the hinge



10 AIl of the CDRs of a particular human anti body may be replaced with at

| east a portion of a non-hunan CDR or only sone of the CDRs nay be repl aced
with norwbuwoao3@ORs. It is only necessary to repl ace thepaardser/187is CDRs
required for binding of the humani zed anti body to the Fc receptor. An

anti body can be humani zed by any net hod, sywhi ch i s capable of 15 repl acing
at least a portion of a COR of a human anti body with a CDR derived from a

non- hurmman apt J: j r | DES; ' .epar e
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GB 2188638Ato cdnjhgadonn March 26, 1987), the contents of which is expressly
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whi ch speci £ i.no aci ds, have.been substjtuted,. de|] eted or.added., | 25
par t1 cul ar . Fgb SRS AN LAG R R ROA e AR s Ao 4B R SR e s 1
the framewokte ihQ&ition, e.8 8 Bispseifi®mblieiREn B LIRS dain M6ledit| B8N as Ioihgle

exanple, in a humani zed anti body havi ng nouse CDRs, am no acids |ocated in
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substituted are referred to herein as nodi fied anti bodies or altered
ant i bodi es. bewingte/chamaneleeitay augnay eosniise at leasttwa singlerhagdpeleatesant i body i s
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cxample, 233800 S50 beedL 11 80 B SRl ng, Lh congs a7l g
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is within the scope of the invention so long as the bispecific and
mul ti speci f red Het.FeteneNunabent,48%835% one antigen bi nding region
Binding of the bispecific and multispecific molecules to their specific
targets can be confirmed by enzyme-linked immunosorbent assay (ELISA), a
radioimmunoassay (RIA), FACS analysis, a bioassay (e.g., growth inhibition), or a
20 Western Blot Assay. Each of these assays generally detects the presence of protein-
antibody complexes of particular interest by employing a labeled reagent (e.g., an
antibody) specific for the complex of interest. For example, the FcR-antibody
complexes can be detected using e.g., an enzyme-linked antibody or antibody fragment
which recognizes and specifically binds to the antibody-FcR complexes. Alternatively,
25 the complexes can be detected using any of a variety of other immunoassays. For
example, the antibody can be radioactively labeled and used in a radioimmunoassay
(RIA) (see, for example, Weintraub, B., Principles of Radioimmunoassays, Seventh
Training Course on Radioligand Assay Techniques, The Endocrine Society, March,
1986, which is incorporated by reference herein). The radioactive isotope can be

30 detected by such means as the use of a y counter or a scintillation counter or by

autoradiography.



specific for an FcyR and triggers at |east one effector function.

Bi specific and nultispecific nolecules of the present invention can be 10
made usi ’fgoobkamizesml techni ques (see e.g., DO M Kranz et acT/ust2ays Proc.
Nat|. Acad. Sci. USA 78:5807), "polydoma" techniques (See U.S. Patent
4,474,893, to Reading), or reconbinant.BPNA techniques. In particular,

bi specific and nmultispecific nolecules of the present invention can be

prepar ed bygon,| i : i bi ndi ng specificities, e.g., the

15 anti - FcRIV’ it &- 2 Eﬁ&gﬁﬂgfi cities, using nethods known in the
art and described in finencharmppees ther presete thvhwetion featufesra hexanphe-E@R h
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Kar povsky etvingristines ggblastine, eglghicive doxoregeinggmmorybigin, dihyskroxy antraggs) 25

Proc. Natl. d. . Sci 82 ) st . eth ' t hose descri bed
by Paul us (j @g"%’rrimr%g %nﬁrg&éﬁn% ag?@ﬁ@ﬁl%%gy 11‘%@%@%@5&%‘?@%% et al.
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2367-2375). Preferred conjugating agents = are SATA and . sul fo- SMCC, both
avai | abl e f PHRPIPPIORE theeseéni g%{PP c agewieInelde, buf pre nopeited (e, aptimgiahgfites
specificiti a | i : Ohi 3R anty ILg), they can
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mithramycin, and anthramycin (AMC)), and anti-mitotic agents (e.g., vincristine and

RN A

vinblastine). An antibody of the present invention can be conjugated to a radioisotope,
20 e.g., radioactive iodine, to generate cytotoxic radiopharmaceuticals for treating a EGFR-
related disorder, such as a cancer.

The antibody conjugates of the invention can be used to modify a given
biological response, and the drug moiety is not to be construed as limited to classical
chemical therapeutic agents. For example, the drug moiety may be a protein or

25 polypeptide possessing a desired biological activity. Such proteins may include, for
example, an enzymatically active toxin, or active fragment thereof, such as abrin, ricin
A, pseudomonas exotoxin, or diphtheria toxin; a protein such as tumor necrosis factor or
interferon-y; or, biological response modifiers such as, for example, lymphokines,
interleukin-1 ("IL-1"), interleukin-2 ("IL-2"), interleukin-6 ("IL-6"), granulocyte

30 macrophage colony stimulating factor ("GM-CSF"), granulocyte colony stimulating

factor ("G-CSF"), or other growth factors.



the invention, e.g., a bispecific nolecule can be a single chain nol ecul e,
such as a single chain bispecific antibody, a single chain bispecific

nol ecul e wormpnisisig one single chain antibody and a bi ndipag/ubet/es7as nant ,

or a single chain bispecific nolecule 10 conprising two binding

determ nants. Bispecific and nmultispecifgg.nol ecules can also be single

chai n nol ecul es or may conprise at |east two single chain nolecules.

Met hods for preparing . | r for
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U. S. Pat ent wllrideivn, sbe88¢., Afin dﬂaE "NPariceina N Atdsodies, Eo'iZmﬁﬁﬁotahgeﬁng Pt ent
Nunber 5, 091, 513; U S. Patent 15 NunE@r 5,476, 786; U.S. Patent Nunber
5,013, 653; rugs Indzasaer Ngranyr» is Menwclogg! Anubagiay And Gapcen{ hapmb &eisteldgb g5s.
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conplex of interest. For exanple, the FcR-anti body onpl exes can be

det ected us mheatgms, Rinchgrazstrab(¢dspkpl 4aﬁt506c§b9/85c);r”ParadySbQBySLﬂﬁsa@néButurcvmi ch
bi nd
ecountzes BSSaRE) BRI, LPok EaRDBE AR BRCRLE oy o

ot her i nmu nm&@}&al Kftibod@saue Cancer mte@ﬂbm badyrheapy Baldadi Qattedwssl pp.| abel ed
and used in rad|0|nnunoassa¢§)(RlA see, for exanple, Weintrau B.,

Princi pl es éﬂhiédA@@d@ﬁ%B%%é etta w&gemwr&ﬁﬂawxm i gand
Assay Techni ?taesB}eAlﬁ[b%a LG @&ﬁbr%atéé@;'a &Ab RAVED: 1{1‘@'”5543'@95;?)be 30

i ncor porated By reference ereln act|ve ‘i'sot ope
detected by such nmeans as the use of a y counter or a scintillation counter

or by autoradiograph VWO 02/100348 PCT/ US02/18748 -51 |V. Anti body
Conjugates/Qﬁﬁﬂﬁﬂ@ﬂﬁLﬁgﬂﬁﬁﬂaﬁﬁﬂﬁéi aspect, the present invention features a
human angs - EGFR  monog ofiherdidbdch ot preQin %vEﬁt?&f&ﬁB%dEi“@E&ﬁ;ﬁosn%nb gggted to

a therapeutic noiety, such as " a cytotOX|n drug or a radi ol sotope. Wen
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together with a pharmaceutically acceptable carrier. In a preferred embodiment, the
compositions include a combination of multiple (e.g., two or more) isolated human
20 antibodies or antigen-binding portions thereof of the invention. Preferably, each of the
antibodies or antigen-binding portions thereof of the composition binds to a distinct, pre-
selected epitope of EGFR.
In one embodiment, human anti-EGFR monoclonal antibodies having
complementary activities are used in combination, e.g., as a pharmaceutical
25 composition, comprising two or more human anti-EGFR monoclonal antibodies. For
example, a human monoclonal antibody that mediates highly effective killing of target
cells in the presence of effector cells can be combined with another human monoclonal
antibody that inhibits the growth of cells expressing EGFR.
In another embodiment, the composition comprises one or a combination
30 of bispecific or multispecific molecules of the invention (e.g., which contains at least

one binding specificity for an Fc receptor and at least one binding specificity for EGFR).



any agent that is detrinental to (e.g., kills) cells. Exanples include
taxol, cytochalasin B, gramcidin D, ethidiumbromde, enetine, mtonycin,
et oposi dewoteenapaesi de, vincristine, vinblastine, colchiciPaI/uoxos7ubi ci n
daunor ubi ci n, di hydroxy anthracin dione, mtoxantrone, mthramycin,
actinonycin D, 1-dehydrotestosterone, 10sglucocorticoids, procaine,
tetracai ne, |idocaine, propranolol, and puronycin and anal ogs or honol ogs
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C, and cis- Qg&hbpg@giaghggugbpﬁkﬂgy1(II) (DDP) cisplatin), anthracyclines
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t herapeutic noiety to antibodies are |l known, see, e.g., Arnon et al.
"Monocl onal Emtnnpbédf guchpalts mnimdﬂ@mdraé@tlpngaltsrandlbmg@dltmn@aht;eﬁkcmaédlapy" in
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phosphoric, sulfuric, hydrobromic, hydroiodic, phosphorous and the like, as well as
from nontoxic organic acids such as aliphatic mono- and dicarboxylic acids, phenyl-

20 substituted alkanoic acids, hydroxy alkanoic acids, aromatic acids, aliphatic and
aromatic sulfonic acids and the like. Base addition salts include those derived from
alkaline earth metals, such as sodium, potassium, magnesium, calcium and the like, as
well as from nontoxic organic amines, such as N,N'-dibenzylethylenediamine, N-
methylglucamine, chloroprocaine, choline, diethanolamine, ethylenediamine, procaine

25 and the like.

A composition of the present invention can be administered by a variety
of methods known in the art. As will be appreciated by the skilled artisan, the route
and/or mode of administration will vary depending upon the desired results. The active
compounds can be prepared with carriers that will protect the compound against rapid

30 release, such as a controlled release formulation, including implants, transdermal
patches, and microencapsulated delivery systems. Biodegradable, biocompatible

polymers can be used, such as ethylene viny! acetate, polyanhydrides, polyglycolic acid,



5 Delivery", in Controlled Drug Delivery (2nd Ed.), Robinson et al. (eds.),
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incorporated into the compositions.
Therapeutic compositions typically must be sterile and stable under the
20 conditions of manufacture and storage. The composition can be formulated as a
solution, microemulsion, liposome, or other ordered structure suitable to high drug
concentration. The carrier can be a solvent or dispersion medium containing, for
example, water, ethanol, polyol (for example, glycerol, propylene glycol, and liquid
polyethylene glycol, and the like), and suitable mixtures thereof. The proper fluidity can
25  be maintained, for example, by the use of a coating such as lecithin, by the maintenance
of the required particle size in the case of dispersion and by the use of surfactants. In
many cases, it will be preferable to include isotonic agents, for example, sugars,
polyalcohols such as mannitol, sorbitol, or sodium chloride in the composition.
Prolonged absorption of the injectable compositions can be brought about by including
30 inthe composition an agent that delays absorption, for example, monostearate salts and

gelatin.



5 As used herein, "pharnmaceutically acceptable carrier” includes any and
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known to thdssredkhdrhpatic Bffédién assbeiati@ewitk thg. required pharmaceutical carrier. The
specification for the dosage unit forms of the invention are dictated by and directly

20 dependent on (a) the unique characteristics of the active compound and the particular
therapeutic effect to be achieved, and (b) the limitations inherent in the art of
compounding such an active compound for the treatment of sensitivity in individuals.

Examples of pharmaceutically-acceptable antioxidants include: (1) water
soluble antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate,

25 sodium metabisulfite, sodium sulfite and the like; (2) oil-soluble antioxidants, such as
ascorbyl palmitate, butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT),
lecithin, propyl gallate, alpha-tocopherol, and the like; and (3) metal chelating agents,
such as citric acid, ethylenediamine tetraacetic acid (EDTA), sorbitol, tartaric acid,
phosphoric acid, and the like.

30 For the therapeutic compositions, formulations of the present invention
include those suitable for oral, nasal, topical (including buccal and sublingual), rectal,

vaginal and/or parenteral administration. The formulations may conveniently be



Sust ai ned and Control |l ed Rel ease Drug Delivery Systens, J.R Robinson, ed.,
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The phrases "parenteral administration" and "administered parenterally"”
as used herein means modes of administration other than enteral and topical
20 administration, usually by injection, and includes, without limitation, intravenous,
intramuscular, intraarterial, intrathecal, intracapsular, intraorbital, intracardiac,
intradermal, intraperitoneal, transtracheal, subcutaneous, subcuticular, intraarticular,
subcapsular, subarachnoid, intraspinal, epidural and intrasternal injection and infusion.
Examples of suitable aqueous and nonaqueous carriers which may be
25 employed in the pharmaceutical compositions of the invention include water, ethanol,
polyols (such as glycerol, propylene glycol, polyethylene glycol, and the like), and
suitable mixtures thereof, vegetable oils, such as olive oil, and injectable organic esters,
such as ethyl oleate. Proper fluidity can be maintained, for example, by the use of
coating materials, such as lecithin, by the maintenance of the required particle size in the

30 case of dispersions, and by the use of surfactants.



conpound in the required amount in an appropriate solvent with one or a
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invention kgkitllinge drhose suitable for oral, nasal, topical (including
buccal and sublingual), rectal, vaginal and/or parenteral adm nistration.
The fornul ations may A6HabAaae layelsof tho agtiye mgmdgentsar thyspmrmpcengcal

20 compositions of the present invention may be varied so as to obtain an amount of the
active ingredient which is effective to achieve the desired therapeutic response for a
particular patient, composition, and mode of administration, without being toxic to the
patient. The selected dosage level will depend upon a variety of pharmacokinetic
factors including the activity of the particular compositions of the present invention

25 employed, or the ester, salt or amide thereof, the route of administration, the time of
administration, the rate of excretion of the particular compound being employed, the
duration of the treatment, other drugs, compounds and/or materials used in combination
with the particular compositions employed, the age, sex, weight, condition, general
health and prior medical history of the patient being treated, and like factors well known

30 in the medical arts.
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in the art of pharnmacy. The anount of active ingredient which can be
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i ntraspi nal idural and intrasternal injection and infusion. Exanples of
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and injectable organic esters, such as ethyl oleate. Proper fluidity can

be mai nt ai négmuaiondsampesitiondy t he use of coating materials, such as
e, Y e el g by AR Al Bl AR DD EESD, 525
known in the art. For example, in a preferred embodiment, a therapeutic composition of
the invention can be administered with a needleless hypodermic injection device, such
20 as the devices disclosed in U.S. Patent Nos. 5,399,163; 5,383,851; 5,312,335; 5,064,413;
4,941,880; 4,790,824, or 4,596,556. Examples of well-known implants and modules
useful in the present invention include: U.S. Patent No. 4,487,603, which discloses an
implantable micro-infusion pump for dispensing medication at a controlled rate;
U.S. Patent No. 4,486,194, which discloses a therapeutic device for administering
25 medicants through the skin; U.S. Patent No. 4,447,233, which discloses a medication
infusion pump for delivering medication at a precise infusion rate; U.S. Patent
No. 4,447,224, which discloses a variable flow implantable infusion apparatus for
continuous drug delivery; U.S. Patent No. 4,439,196, which discloses an osmotic drug
delivery system having multi-chamber compartments; and U.S. Patent No. 4,475,196,
30 which discloses an osmotic drug delivery system. These patents are incorporated herein
by reference. Many other such implants, delivery systems, and modules are known to

those skilled in the art.
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conposi tions of the present invention 25 enpl oyed, “or the ester, salt or
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bei ng treat dL- bankkanene(1PUDUFRS bgit. BARASYHA-J. Kallion; khEidkesdi 9% arts. WO
02/100348 P%lnyi?‘gr%t;zgcis%ﬁ In one embodiment of the invention, the therapeutic compounds

of the invention are formulated in liposomes; in a more preferred embodiment, the
liposomes include a targeting moiety. In a most preferred embodiment, the therapeutic

20 compounds in the liposomes are delivered by bolus injection to a site proximal to the
tumor or infection. The composition must be fluid to the extent that easy syringability
exists. It must be stable under the conditions of manufacture and storage and must be
preserved against the contaminating action of microorganisms such as bacteria and
fungi.

25 A "therapeutically effective dosage" preferably inhibits tumor growth by
at least about 20%, more preferably by at least about 40%, even more preferably by at
least about 60%, and still more preferably by at least about 80% relative to untreated
subjects. The ability of a compound to inhibit cancer can be evaluated in an animal
model system predictive of efficacy in human tumors. Alternatively, this property of a

30 composition can be evaluated by examining the ability of the compound to inhibit, such
inhibition in vitro by assays known to the skilled practitioner. A therapeutically

effective amount of a therapeutic compound can decrease tumor size, or otherwise



-58 A physician or veterinarian having ordinary skill in the art can
readily determ ne and prescribe the effective anobunt of the pharnmaceuti cal
conposi tiwo o2negus r ed. For exanpl e, the physician or vetercrmarsoamepul d
start doses of the compounds of the invention enployed in the
pharmaceutical conposition at levels lowgg-than that 5 required in order to
achi eve the desired therapeutic effect and gradually increase the dosage
until the desifigd L i PGBy fordGABs il irfthe dh bR Eodaie o dose of
a conposition§ ogg%ﬁgﬁ?ﬂventlok mﬁ??e%eliﬁgﬁxannhnt of the conpodhd whi ch
i s the | owedetermins sudf dre@ints/easedopswtifecon as ther sipats szeptifesseveritBof thean
effective dose wll general depend upon.the factors, descrij.bed above. It
s pref or r o AIDFS SHBHONS SHLP B BL e TR AP GICe Of P TBeN Speced
intraperitoneal, or sygdbmpeRtch mstdeQlicMM ¥t R He@kRdt thaf @Xi Mal to the
site of the target. |f desired, the effective daily dose of a therapeutic
conposi t iSonsompgsityen wdielivirable bedymanrget o additipeto, witet the darjer cag bg amr  nor e
sub-doses adm nistere arat.el y ,at ropri ate interval s throughout the
day. “optt onlorg BT RE LR ol BRR PG AOEmeY, SRS £ R Conpound
of the presghicol, aN&fhidpotyetheelehd ool andthe lige), ahdfftabletmixfurgy tBéebAabl € to
adm ni ster the caonpound as a_ pharmaceutical fornul ation gconppsjtion).

Ther apeut i c PeepepHuidity sa1 be gyinsaned ferfxamples By wha of ceaimesichgelecibia, bxnown in
the art. Fo leuide . . ' : r ' ition
of - the i roBir B of el k8L L0 PR SRt I MepeRic MU hEnERAR)

i nj ecti o déwvimaey cases, it R @referableao delidedsotohis egase doriexatdpls, sugatsent Nos.

5,399, 163; 5,383,851, 5,312,335 5,6064,413; 4,941,880, 4,790,824; or
4,596, 556. Eszlé(agpg‘_gsalfc IRaANRHBLR SPSP;&HOMP sofingdliiiiedh the<comRPsifin he
present i nveghiefin AsbipH6n opthg-injgaﬁlﬂgkom&)siﬂ@rﬂ%gngg%rou%i Aoutb PGl RRGT an

i npl antabl e m cro-infusion punp for dispensing nedication at d controlled
rate; U.S. BatherspmiNositidn 48agehgwhichdelahs dbsaptwebraxarhple sgleminum devi ce for
adm nisterin 25t medi canta? t hrough the skin; U S. Patent No. 4,447,233,

whi ch di scl GRASSSARERT@5PBn i nfusi on punp for delivering nedication at a
preci se isnfusi on rat e WhénShe RatverRbmoundis 4ditably? frotadbdds Bs dtis&ededsBsva the
variabl e flow i npl antabl e i nfusion apparatus for continuous drug delivery;
U.S. Pat ent cpgpoundssay hoerallypdminigersd fos example, ywthoan iseg diluent gepn very syst em
havi ng nul ti;ehg gEdigfé'E%ﬁﬁ ments; and U S. Patent No. 4,475,196, 30 which
di scl oses an osnoti ¢ drug delivery system These patents are incorporated
herein by reference. Many other such inplants, delivery systens, and

nodul es are_kn to
\}i. %@s and Methods of the Invention

20 The compositions (e.g., human monoclonal antibodies to EGFR and
derivatives/conjugates thereof) of the present invention have in vitro and in vivo
diagnostic and therapeutic utilities. For example, these molecules can be administered
to cells in culture, e.g. in vitro or ex vivo, or in a subject, e.g., in vivo, to treat, prevent or
diagnose a variety of disorders. As used herein, the term "subject"” is intended to include

25 human and non-human animals. Preferred human animals include a human patient
having disorder characterized by expression, typically aberrant expression (e.g.,
overexpression) of EGFR. For example, the methods and compositions of the present
invention can be used to treat a subject with a tumorigenic disorder, e.g., a disorder
characterized by the presence of tumor cells expressing EGFR including, for example,

30 bladder, breast, colon, kidney, ovarian, prostate, renal cell, squamous cell, lung (non-
small cell), and head and neck tumor cells. The methods and compositions of the

present invention can be also be used to treat other disorders, e.g., autoimmune diseases,



those skilled in the art. WO 02/100348 PCT/ US02/ 18748 -59 In certain
enbodi nents, the human nonocl onal antibodies of the invention can be
f or nul at ewotoe/1@3stir e proper distribution in vivo. For exampiraso/iss4s
bl ood-brain barrier (BBB) excludes many hi ghly hydrophilic conmpounds. To
ensure that the therapeutic conmpounds o1 the invention cross the BBB (if
desired), they can be 5 fornulated, for exanple, in |iposones. For nethods
of manuf act yx i 0 e UoS. . : 74, 548;
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Bi ochem Bi ophys. Res. ConmuRn. 153:1038); antibodi'es (P.G Bl oeman et al.
(1995) FBBS Lett. 357Thaoompesitiadadé.-g., beman ant{bpd®s) mphisperifoe oid, bigggeics
Chenot her. 39;180). rfactant protei.n A ept.or. (Briscoe et al..{1995)
A Py s IE s BEIREAG B F ekl SRt AT SeBlnd wih e
fornul at i onshepdpetifi€or QY@VsTiO, in 38roMel Jr eREmPRIEMMRRItFNO bf tHeenvenuentar 15
nol ecul es; %120 (Schreier et al. (1994) J. Biol. Chen1.269:9090?; see al so
K. Kei nanenbe tagted using tha<ehESA andyory crppstriceassaysgigspribed in the Exagiplesibglew. | | J.
Fidler (199 : . i f 1NV, ion, the
therapeuticﬂ%g%%gg#@§g§%$9gﬁgﬁ?%%ég?F%%ﬂggggggﬁ%ﬁ?§§£%&¥ﬁﬁ¥?%5§%%£%% in a
nor e pr efffer effectendedidictieint, indlinding tytplysio e sellsrexbredsing EGERg@iniblegssmedty. I n a
nost preferred enbodi nent, the_therapeutjc conpounds ,in the |iposomes
are deliver @aotwl%&r asayng den §lesator aglﬁn?ﬂta&dﬁqq@ﬁ?%qm% 35S RSt inghe or
infection. FhencREBASHtion nust be fluid to the extent that easy
syringability exists. It nust be stable under the conditions of
manuf act ure and st or adbe avrdpenitginsifeg., pumge amdmd@gannkispachiec adritispecifiat i ng
action of mcroo ni.sne _such as bacteria.apnd fungi. 25 A "th utically
i feotive dBUIGRAERERoh Fie dRALSH HuRBGR st ARrd Teetoais ol ERBRG ' 20u
nmore prefser ahhit¥d Biseaks. | l&ﬁ%&aﬁ?léyﬂle‘hg%hn MO clFRAINAbETiSY, all MulBYpeRific dreast
about 60% and still nore preferably by at |east about 80% relative to
untreated Yisppatie Brolephles i1 be wspdofor exammepdoglcit & Vivihen piltmeneear neera obe
eval uated | ﬂueaf'a%lg\m liol?%ﬁggealctﬁiyiéé:%%g%oﬁfye%tc'eﬁ%xggess%gf E@ﬁﬁ}’to‘ rHeJlé't@a”
tunors. Alternativery, I'S property a

phagocytosis or cytolysis of a cell expressing EGFR in the presence of human effector

cells; to inhibit EGF or TGF-a induced autophosphorylation in a cell expressing EGFR;
20 to inhibit autocrine EGF or TGF-a-induced activation of a cell expressing EGFR; or to
inhibit the growth of a cell expressing EGFR, e.g., at low dosages.

In another embodiment, the human monoclonal antibodies of the present
invention are unable to induce complement-mediated lysis of cells and, therefore, has
fewer side effects in triggering complement-activated afflictions, e.g., acne. The

25 primary cause of acne is an alteration in the pattern of keratinization within the follicle
that produce sebum. Since keratinocytes express EGFR, interference with EGFR
signaling processes in the skin can alter the growth and differentiation of the
keratinocytes in the follicles which results in the formation of acne. Direct
immunofluorescent studies have shown that in early non-inflamed and inflamed acne

30 lesions there is activation of the classical and alternative complement pathways.



30 conposition can be evaluated by exam ning the ability of the conmpound to
inhibit, such inhibition in vitro by assays known to the skilled

practiti owero2/16o3sher apeutically effective anbunt of a thecapgserasr4€onpound
can decrease tunor size, or otherw se WO 02/100348 PCT/ US02/ 18748 -60
aneliorate synptons in a subject. One ofgprdinary skill in the art would be
able to determ ne such anobunts based on such factors as the subject's

size, the severity of SLk0j ' rii:
conposition or route {)‘i Qg%ﬁﬁgﬁlgx}s?@g?cﬁrgﬁxggﬁ%glﬁj é‘&a‘ﬂgbr‘}]dg&c%ﬁp‘fé??#.l‘%% thr?ﬂ%otf be
steril e andafd used it wvd toetreax tpeevent biadiagrioee 5 varderp 06 EGFBArelasedddibdayear abl e by

syringe. In_additio wat er, the carrier can be an isotonjc buffered
sal i ne sol LEFgHPles PRERBRIE dpeaggspcladapninety gt SROEFTSH S,uclbﬁ%)ip‘eq_i%sebre@ﬁt,yco| ,
and 1iquid QQﬂo}{ﬂEi?ﬁ% gf‘%iaﬂ! YoSate, ARG éeh,esdulgﬁl%%ls céll‘,%r%%&&@ﬂg@ll RISt B FS

t hereof. Proper y can be maintal ned, for exanple, by usé of coating
such as I5ecihtdd and reyk cargent @thanEET 8 relagyiudiscaskspaelude mosg ptheisn t he case of

di spersion and.by use of surfactants. .10 In many.cases, it is preferable to
nel ude | SofBRITMEERREe B IR ILTgARY ST 2l Conol s such as

manni tol or sorbitol, NVikbds bt HE compdsiBorzIBRQ R BtibddRRY- t er m
absorption of the injectable conpositions can be brought about by i1 ncluding

in the conpouiltispeeifiaandbispecifihmolectlishagfshatpyentism aspkndwe incthaa Suitahleni num
monost ear at g, o 8 AL hiliechRs WENLHINGBEH LY e GRTRON O dhPo Pl LABLY R ghect ed.
as descri bed apove, e corrp(S.)un ma;g) e oral Py adm stere , “for exanpl e,

with an jonephrtidulabi@fib ueEd. ahhe @skLETes @l R Rdplell o FadidnulidesMuch WS €511290Y
Met hods of the Invention 20 The conpositions human nonocl onal

(e.g.,
anti bodi es tlBSHGRR. asdesatibed nbpldesbarap Myt als (143d) Ganger Bes.t4 e4 prieion
i nvention have. i } in vivo di i C .1 her A ilities.
For exanpl e,anfhneg%g%é) %bcﬁrlgjse TR Olsolem%sd%ig’ir}g'%rn ggﬁﬂﬁ%é%grmﬁgs%%hgaﬁ ure, e.g.

in vitro or bpedfiv thole@ulesyofahs iHefiidn ca@.afbo,beicoupledl @ ardtPinfdctialis agehgyent or
di agnose a variety of disorders. As used herein, _the term"subject” is

intended to include 25 #awst cavedirsnt.HimbymaminiaFST Rpmgbediee g iR ani mal s
ot e 5 AR PR By ORISR EESICT
t he met hods cherdothempasictagentsorofantbeeopdes@sterediwmttestherdmosarthérepias e tam t r eat
a subj ect Wia%ltri]-cglncte}J t e¥aip ?géfra%asti%;lq Béh ﬁlégabéut?c a{jgiegt%rigc%de, among others, anti-
neoplastic agents such as doxorubicin (adriamycin), cisplatin bleomycin sulfate,
carmustine, chlorambucil, and cyclophosphamide hydroxyurea which, by themselves,
20 are only effective at levels which are toxic or subtoxic to a patient. Cisplatin is
intravenously administered as a 100 mg/m? dose once every four weeks and adriamycin
is intravenously administered as a 60-75 mg/m” dose once every 21 days. Co-
administration of the human anti-EGFR antibodies, or antigen binding fragments
thereof, of the present invention with chemotherapeutic agents provides two anti-cancer
25 agents which operate via different mechanisms which yield a cytotoxic effect to human
| tumor cells. Such co-administration can solve problems due to development of
resistance to drugs or a change in the antigenicity of the tumor cells which would render
them unreactive with the antibody.
Target-specific effector cells, e.g., effector cells linked to compositions
30 (e.g., human antibodies, multispecific and bispecific molecules) of the invention can

also be used as therapeutic agents. Effector cells for targeting can be human leukocytes

such as macrophages, neutrophils or monocytes. Other cells include eosinophils, natural



characterized by the presence of tunor cells expressing EGFR including, for
exanpl e, 30 bl adder, breast, colon, kidney, ovarian, prostate, renal cell,
squanous weloo0d3unrg (non- small cell), and head and neck tamarsozred7us. The
met hods and conpositions of the present invention can be also be used to
treat other disorders, e.g., autoinmune.gh seases, WO 02/100348

PCT/ US02/ 18748 -61 cancer, psoriasis, or inflamatory arthritis, e.g.,

r heurrat oi d it ' I S [ thritis,
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cytonmetric assays described in the Exanpl | ow. reoyer,,. the activity
of ' These moReBRlEESteRY § gy BT oL T EENe ERERentdeHPeral it Y& 1 ect or
cel I actiVvi pMagocpekiddRBGteS ¥t flnYifistra®dn &l diso @¥pressi ng EGFR can be assayed.
Prot ocol s for assayi nrgfbfor ef fector cell-nedi ated phagocytosis are
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described in the Exarlperepy vithdaugetiipecitiorfioetior ¢adlssay be performedam ant i bodi es,

mul ti specific .and. bi specifi nol_ecul f the inventi v i tional
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the humam nagesd therapy aditig ﬂ@dbm?ositih@ @, thuspaehfibaliey maltspesitit had nol ecul es

can be used, for exa?ple, toelicit invivo or in vitro one or nore of the
&

fol | owi ng bbispesfie molesuler\afithemventipnandiieslactar ecdisiaraswthdhesy EGFR to

medi at e h - 0S| i p i . i .

br esence of CRapaa:Raf be Sedh ¥hBnllon i enHRER?! ARG Brliffion

aut ophosphoimmahotharapyn may de lukedetophi esistiwogli He Roy t@0x ice fientor bopulaicne cowaréd EG-
or TGF-a-induced activati of a cell. ﬁég}[&essi %E%R or 1 i nhihit the
growth of al¥fee cofl Eejpdtiter g Braspple gngj-EGER ity gd to ii-bsigamp Rl or
embodi mept , bR TINARY HERRAGH e&gbnaﬁhimﬂjg@ﬁ 09igAJ9@ce91roe§;%atﬁc BiRYiaphp &, ar e

unabl e to induce conpl ement-nedi ated |ysis of cells and, therefore, has
fewer side effects inBispegfierndigubicnpptiaosrlecalssiol thedavestibhicen alembe ugedg. |

e o0 R BB AR ST b Sl ARENER Phocyt s
express EGFBf rdcBbtBfs RItRO6Q1 Wrfabe. EdRures of anti-Fe receptors can also be used for this
purpose.
20 The compositions (e.g., human antibodies, multispecific and bispecific
molecules) of the invention which have complement binding sites, such as portions from
IgG1, -2, or -3 or IgM which bind complement, can also be used in the presence of
complement. In one embodiment, ex vivo treatment of a population of cells comprising
target cells with a binding agent of the invention and appropriate effector cells can be
25 supplemented by the addition of complement or serum containing complement.
Phagocytosis of target cells coated with a binding agent of the invention can be
improved by binding of complement proteins. In another embodiment target cells
coated with the compositions (e.g., human antibodies, multispecific and bispecific
molecules) of the invention can also be lysed by complement. In yet another

30 embodiment, the compositions of the invention do not activate complement.



signaling processes in the skin can alter the growth and differentiation of
the keratinocytes in the follicles which results in the formation of acne.
Direct iwowpabdsworescent studi es have shown that in earl| ycmasor/md7hsaned and
inflamed acne 30 lesions there is activation of the classical and
alternative conpl enment pat hways. WO 02/1§0348 PCT/ US02/ 18748 -62 In a
particul ar enbodi nent, the human anti bodi es and derivatives thereof are

used in vivo to treat a r
. Fhﬁwe égg ARNSE atinbales Zﬁéﬂltl%ecﬁg:ﬁd 11 otf% 2 cers,

di seases. Examples o d”di seases I nclude a variety
such as bl adadéscpleby efabe ;nvem:tcdnoumn al@odxeaylmlmvtaradangetlmrwt@mplema&l cell

squanous cell, lun non-small c¢ ., and 5 head and neck canc CIher
SRR ol at ctchatiale ST B Gtore by THER 2re SO Re a6k Sugan
psoriasis, afthodps! ﬁﬁﬁﬁb&'ﬁﬁ’c &%é}febﬁk%olkﬁhm sBfunfedonh d}ﬂ&tﬁédt”@fh%&:e

conpositions (e.g., human antibodies, nmultispecific and bispecif
mol ecul e$) ofmpdrationsaenadventaggoals kmtmhthﬁnomhbnmnt is |@uitadaib|céose gusames t@f t he

nol ecul es u nd on.t he_.age, and bj, e nd the 10
par ¢ cutar BRdyoentBRRE moisbhf o8 SE ARG HAReuE  AMFaahfdhs BBt 05
as 1311, 90¥atiboHRRRRultBpeeific GbisHREFcIREIScles CBrhelRRORIGh and.thd ccﬂ’ﬁpl@;hent(&98 1)
Cancer Res. 41: 4354-4360, and in EP 0365 997. The conpositions (e.g.

human ant|b&au@@mn#ﬁpdm@p%@ﬁdS@méﬁdy bi speci fic nol ecul es) of the i nvent i on
can al so be coupl ed tg llthlhmeesccﬁ)é)gﬁthg%g)gﬁ on Al kﬁ??é{gﬁe ﬁg‘g}gdl ment, the

human anti - EGFR anti bo or an ndi n her eof, can
be co-ad ncshpssiibnai(é.a., aumbneaxamutdsgna@epﬁc;ﬁea@lbls;&mfrchﬁdsﬂectmmaﬁeuti c
agent, or can be co- adnlnlst ed with other known t her api es,

.g., ,an
ant i - cancer INEBHpARd 1BstEIctionsir yts: obfe kaf R frar cpatatn ebleé%jé’ﬁ? ggfilﬁem%de
among ot her ?eagé’lﬂt duch Qge%ﬁéﬁq'eﬁt 806 & mite Qd@lﬁogﬁ)h‘aﬁféﬁ'aﬁhﬁbdu%q{f'tmc' n),

cisplatin b myci n sul ¢arnusti ne, chloranbucil,
cycl ophosphaviedgorhfedy. exlyumansanwhodshhavinyg 4 tmmsleinvetsry ROvay evhmhl bmdsfthaot i ve at

| evel s whi ch r SUIOXI toa tlent latin is
|nt_raven_ousF@l?%ﬁﬁ?m*?"é‘@eléglsﬂn‘f @ﬁlgg ery four weeks and
adri anyqisn is intravensHsd emsfihaits tes gﬂue@scﬁl ROad@RidmaNyRestos Qitnge every
21 days. Co- administration of the human anti-EGFR anti bodi es, or antigen

bi ndi ng fr aggentsit modulatesf¢.g.o¢nhaheesor adwbits, thfnﬁexmess;w o acrmvdhefrﬁwmfaqgeut ic
cgenLe DoV den R, A LaGCSt 23 AP b AR e el
co-adm ni st h@hirddra€ioR dGRhY Seddnem! v thd weultishedigi ehSIBB IncRide of granulocyte
colony-stimulating factor (G-CSF), granulocyte- macrophage colony-stimulating factor
20 (GM-CSF), interferon-y (IFN-y), and tumor necrosis factor (TNF).
In another embodiment, the subject can be additionally treated with a
lymphokine preparation. Cancer cells which do not highly express EGFR can be
induced to do so using lymphokine preparations. Lymphokine preparations can cause a
more homogeneous expression of EGFRs among cells of a tumor which can lead to a
25 more effective therapy. Lymphokine preparations suitable for administration include
interferon-gamma, tumor necrosis factor, and combinations thereof. These can be
administered intravenously. Suitable dosages of lymphokine are 10,000 to 1,000,000
units/patient.
The compositions (e.g., human antibodies, multispecific and bispecific
30 molecules) of the invention can also be used to target cells expressing FcyR or EGFR,
for example for labeling such cells. For such use, the binding agent can be linked to a

molecule that can be detected. Thus, the invention provides methods for localizing ex



resistance to drugs or a change in the antigenicity of the tunor cells

whi ch woul d render themunreactive with the anti body. Target-specific

ef fect or welokagoles g., effector cells linked to compositi omsT/I302/($548. ,
human anti bodi es, nmultispecific and bispecific nolecules) of the invention
can also be used as therapeutic agents.efffector cells for targeting can
be human | eukocytes such as macrophages neut rophil s or nonocytes. O her

cells inclu i 4 / 1 killer
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physi ol ogi c CF%F accept abl e solution. The nunber of cells adm nistered can
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exanpl e, anti - tum)r her a using the conpositions (e.g., human
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effector ceII d ese 05|t used conj unction
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rejection. For exanple, anti-EG-R antibodies |inked to anti-Fc-ganmmaR or
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of anti-Fc receptors can also be used far. this purpose. 20 The
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portions from 1gG&, -2, “or -3 or IgMwhich bind conpl'enent, can also be
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of a populatijion.of ce r|5|n tanget cells with a binding agent of
the inventi (54’? gﬁ'darﬁﬁpﬁpfg&”?lﬁ% C&FFE I@rce& 11s can be

The present invention is further illustrated by the following examples
which should not be construed as further limiting. The contents of all figures and all
20 references, patents and published patent applications cited throughout this application

are expressly incorporated herein by reference.

EXAMPLES
Materials and Methods
25 Antigen: Transgenic mice were immunized with the A431 Human epidermoid
carcinoma cell line (CRL-1555, Lot 203945, ATCC Manassas, Virginia) and with
soluble epidermal growth factor receptor (EGFR) obtained from Sigma Chemical Co
(product E 3641 lot 109H4108 and 20K4079). Soluble EGFR was stored at -20° to -80°
C until use.

30



25 suppl enented by the addition of conpl enent or serum containing

conpl enent. Phagocytosis of target cells coated with a bindi ng agent of

t he i nverwDor/1esm be i nproved by binding of conpl enent prraTAiSIE1874

anot her enbodi ment target cells coated with the conpositions (e.g., human
anti bodi es, nultispecific and bispecificggnol ecul es) of the invention can
al so be |ysed by conplenent. In yet another 30 enbodi nent, the conpositions

of the i nVGWIéd@z{‘F&% | fon@‘c A)hﬁ%g)(?l EM (MQil?t%éﬁL@ ?#H%ll 0.2/ 187.48.
-64 The c npvsrh—mﬁe—g antl b I es t spec ic and bispecific
nol ecul es) obnthinéngi m%ﬁBSoBemmllml-&mphenmmmgma@F’Eﬁ% age Rheercaptddthanol
conpl ement C i ithin he CO f the invention_ ar

conposi ti onéG@Sﬂ%kﬁsziqﬁgg%#a‘ﬁas usht f éfgg“ﬁh?‘%lr sapd myeiqmagcells; g‘ﬁgE’iof’filc

mol ecul es aﬂf&dﬁ%ﬁ ﬁ{enecmé sdRAo thEh@%d%nfa_fgm@ﬁf ﬁ]bd:m&ma@ueﬂl\a@@t ageous in
that the conpl ene located in close proximty to the human anti bodi es,

mul ti spedi f iQngm—thbsé@ua ClanimpFaster (kgsn 2&0@@: ORI swpplgment (B gimakRH003), HAT

ti bodi f th ti dth
e U R T I T A L A
of the mveaﬁdgnmglrcgptkgbﬁ,gn(g@frg/rl Si ng t he 10 conpositions (e.g., human

anti bodies, nultispecific and bispecific nolecules) of the invention and
instructions for use. The kit can further contain a | east one additional

{ﬁgger‘tnveflf%ﬁu? orﬁ%ﬁln? 0hs cBlls fb?gmgﬁmﬁg &‘ﬁln‘gglg'g%%&gfde%e%?“% ?9@4{)63 of

whi ch biigds cblﬁﬂL&ﬂce @tpirt’/fip&llldﬂltﬁ@%ﬁsmhn(g%redlaﬁdsfwtwﬁ}r"Dﬂ"ypﬁlh@UTASt hun’an
antibody). 15 |n other enmbodi nen s, the subject can be addit| ly treated
ﬁ adlask. £ dttllﬁ%mgl@

with an agbnellaremt Cagia-Gr 16D sel %wn Selfha R 15pQ€re Hessi on
or activityuofe f ege/sp I§de'afiﬁl 50rnﬂco‘?%ﬂg&tebﬁﬂedlﬁﬂran@)fﬁémk/%he& B?%éé‘%cﬁeﬁ%fsum ect

vmthacytoklne erred cytokines for admnistration duri t r eat nent
with the nulcentsﬁgah(bn dOﬁﬁICecauﬁeesumchd@tbmﬁO gt efretdrde YBS. Mioe wn;e—mjeicwdl ating

factor (G e a ol -stinmulating factor 20
( GVt CSF) , Pi‘f‘é‘r]fxgb {5 Rﬁliga%aﬁ‘g‘?f’ﬂﬁﬁrﬁ r?@@r/osi s factor (TNF). In another
enbodi eyt , the subject can be additionally treated with a | ynphokine
preparation. Cancer cells which do not highly express EGFR can be induced

to do so usEAYR:yPInbIRiESERorepanixed vorsRibi geipkaki(Pigmer ¥per3al inotierile EBSwiuse a
or e homgen%ghlcen?ré gnengiSO ng E&Fﬁﬁ: 0'85 ul.a@rﬁgta?le\leknslng)r{lulﬂz&t%%(Neygn}&e?gn%g&] | ead

to a
with soluble EGFR in sterile PBS.

20 Transgenic Mice: Mice were housed in filter cages and were evaluated to be in good

physical condition on the date of the fusion. Mice that produced the selected
hybridomas were males 6-8 weeks old of the (CMD)++; (HCo07)11952 +; (JKD) ++;
(KC05)9272 + genotype (see Table 1).
Table 1

Mouse [Sex [Born  |Genotype
20241 Male [9/21/99 CMD++ (HCo7) 11952 + [(JKD) ++ [(KCo5) 9272
20242 Male [9/21/99 CMD++ (HCo7) 11952 + {(JKD) ++ {(KCo5) 9272
20243 Male [9/21/99 CMD++ (HCo7) 11952 + |[(JKD) ++ (KCo5) 9272

25
* Individual transgene designations are in parentheses, followed by line numbers for

randomly integrated transgenes. The symbols ++ and + indicate homozygous or



25 nore effective therapy. Lynphokine preparations suitable for

adm ni stration include interferon-gama, tunor necrosis factor, and

conbi nat iwod2tsaeof . These can be admi ni stered i ntraveneasiuso2/Burug abl e
dosages of |ynphokine are 10,000 to 1,000,000 wunits/patient. The
conpositions (e.g., human anti bodi es, nukyLspecific and bispecific 30

nol ecul es) of the invention can also be used to target cells expressing
FcyR or EGF . e | [ I . < t

bi acli ng agont™ARPEE PREIE Pk R P HipAT st Bencle B R R Bscly e
i nvention pileiddesnorelidvods td distihguish berwerg heterdi®gO8tylHdIbon 2¢ddsiigday th8 748
-65 vivo or in vitro cell

expressing Fc receptors, sych .as FcyR _or EGFR
The det ect aBfdoniiuferaiss hiygan le mr}sg%l%w EF%&%‘BB may bergiviae dht thabafBound,
an enzyne, Qknafly REBYARoGOfor HRASE Qemeh@. ONe embodi ment, the invention
provi des net hods for tecting the 5 presence of EGFR antigen in a sanple,

or neasurd ng the anount of EGFR antigen, conprising contacting the sanple,

and a contrgl sanple. with a hum onal anmtihody, .or an _antigen

b1 i ng._por ESRoNRR: B To R a A UaRa T RIAPT B HaS 7t Qe bk Vi SCRa i ons
that al | ow fgerré @Rl HAIhRIEGFROMR hiha® i GEANI-EGERAMLEGHIGAmaBOUtrb @,
thereof and EGFR. The fornmation of a conplex is then detected, wherein a

di fference dbapiatherlands)stbe hplpridomaprodecing mAeS.anpise IgghpanteBGER antibodont r ol
sanple is indi bV h r n fi.. E i i he. . e n still
angF her enbc‘)gcﬁs c(;reg{rai1 n,eﬁtﬂ&?g? fo‘%%/eg%?ril gﬁpepggl\t}frggcs&lg&#é‘g%‘gg (?’oroc ‘é@ gcnf{?I |bn6{ "he

presencel(or 8908)ntrtdlatianchunig l@@oissty pOEortd] BEMeHI wWhichcwhd wed Bs M MRléant N
vitro. The nethod conprises (i) admnistering to a subject a conposition
(e.g., a nulg@] agibody; andfhosescein lmle@ma&(FbT&rWJwg@M%az fsagment phgnent
thereof, conpugal.e he CdJ 1 ject to a
nmeans for dgj'?ect |‘ﬁg"‘}sSgiI%Ggg?gz%@E‘F?aﬁa@ﬁ%g? 8@&%0%%%??@?&@&{@&(%1%%& ni ng
Fc- expr essi mgnma@bflsorestbecePases)San Byamoist@rCA S FITCcbgugated Babhatabdithy t he
foll owi ng exanpl es_ which should not be construed as further limting. The
contents of hHMan{gQPAKQdlogirpp, Dxamagtler ences, patents and publ i shed

P oL oL o1 Cobedr MBI By R M ScssSTRC eSS
Technologies, Paisley, Scotland) supplemented with 10% Fetal bovine serum (FBS)
(Hyclone, Logan, Utah) and 100 U/ml penicillin and 100 U/ml streptomycin (both
Gibco BRL) (pen/strep). The m225 hybridoma was cultured in RPMI1640 (Gibco BRL)
supplemented with 15% FBS (Hyclone,) and pen/strep (both Gibco BRL). All cell lines

20  were kept at 37°C in humidified atmosphere containing 5% carbon dioxide. Humax
antibody was purified using protein-A affinity chromatography followed by size
exclusion on a HR200 column (Pharmacia, New Jersey). Mouse antibodies were
purified using protein-G chromatography followed by size exclusion on a HR200
column. The purity of all antibodies was >95% as determined by dodecyl sulphate-

25 polyacrylamide gel electrophoresis (SDS-PAGE). F(ab') fragments were made via

pepsin or B-mercaptoethanol treatment followed by protein-A/G purification. Isolated

F(ab") fragments were >95% pure as determined by SDS-PAGE.

Cell lines: A431, an epidermoid carcinoma which highly over-expresses EGFR, was
30 obtained from the ATCC (Rockville, MD, CRL-155). The cells were cultured in RPMI

1640 medium (Gibco BRL), supplemented with 10% heat-inactivated FBS (Hyclone),

50 pg/ml streptomycin, 50 IU/ml penicillin, and 4 mM L-glutamine (all Gibco BRL).



Mat erial s and Methods 25 Antigen: Transgenic mce were i munized with the
A431 Human epidernoid carcinoma cell |ine (CRL-1555, Lot 203945, ATCC
Manassas,wuioegomsis|) and with sol ubl e epidermal growth faecorusnecsam or
(EGFR) obtained from Sigma Chemical Co (product E 3641 |ot 109114108 and
20K4079). Sol uble EGFR was stored at -20gg0 -80 C until use. 30 WO

02/ 100348 PCT/ US02/ 18748 -66 Media Fornul ations: (A) H gh d ucose DVEM

(Medi at ech I L ni 0 _fhhal; onycin
(S gma. P 7545y hOEly eyt ooy G AL R RRe STRILERS A ERS GRET™Y o
cul ture A43Teckidisies)Bainiee) Suvtland)| Is tundetdnddets) dle celiedicalsaysplsedimribg- wer e
added to the, Hybrjdoma growt di a, ich included: 5 i gi n- Hybri doma
Cl oni ng FactPBAse( 165eBy 58 155?3&95%@55@&%@75@05 ﬁ39 ewseggaf?a GRUQET
(Sigma H 0262¢0rdtLE3I D erih&). Serum Free Medi um contains DMVEM anti biotics

and 2- mercaptoethanol only. Cells for Inmmnization: Cells for inmmunization
were grown in DVEM (see above) to 10 confluence on T-75 cell culture

flasks, and were_ h ted, With T ' TA | | t # 25-053-C
Soturt on- . Fasihg PRI, Spicths Ped FERISAL B rr i IR iz ERicpongen
in 50 n of ;6epRted B 2ETH MMABdeduhERedAEdIe €SIM) 14 f&riGYAE eAdRdrent tissue

)i
centrifugation (1000 G and resuspended in 50 ml of sterile PBS. Mce were
injected wivas raraGH andisplsensusgre maedd twicaoinsSEML. JrrleestasHs wereprstly harvextek:

Sol ubl e EGFR Lxed. wi-th Ribi I -%I(Sigma, M 6536) in sterile PBS at
a concent ratby\g{%%gggrﬂggﬁ)né&%%@ﬁ%ﬁﬁnaI tail vein immnizations were
performem w th sol ubl®IEGRER ¢entriftiged dta 0B for2D) rhinksgad tie: il BRod MekLinner e

housed in filter cages and were eval uated to be ingegood physi cal condition
on the dat e ¥ cellpsligtuerg hysedby suspending thspplesn celhgelid e pd @1 1958l GEAAE wer e

T LANELB % S B R ARE i S k95272
centrifuged at 1000g for 10 minutes. Myeloma cells were harvested into 50 ml
centrifuge tubes. Spleen cells and myeloma cells were then washed by three cycles of

15 centrifugation at 1000 g and resuspended in 30-40 ml of SFM.
After a cell count, spleen and myeloma cells were mixed at a 1:1 to 4:1
ratio spleen/myeloma. The spleen cell/myeloma cell mix was pelleted by centrifugation
and the supernatant was removed by aspiration. The fusion was done by adding 1-2 ml
of PEG solution (Sigma # P-7181) drop wise to the cell pellet over 45 seconds and
20 gently mixing the solution for 75 seconds. The PEG solution was slowly diluted by
adding 2 ml SFM drop wise over a minute. This was repeated with another 2 ml of SFM
and then the solution was allowed to stand for 1 minute.
The solution was then slowly diluted with an additional 30 ml of SFM
over 90 seconds. Cells were centrifuged at 1000 g and for 10 minutes and resuspended
25 in 30 Ml of HAT medium. The fusion mix was diluted to 200-300 ml in HAT
supplemented medium containing 3% Origin Hybridoma Cloning Factor, and dispersed
into 96 well plates at > 200 pl/well (~10-15 plates/spleen). Hybridoma plates were
examined after 3-7 days for hybridomas. Plates were fed at 7 days by replacing half the

medium in each well with fresh HT medium supplemented with 3% Origin. Plates were

30 fed every 3-4 days thereafter with HT Medium.



Mouse Sex Born Genotype 0241 ale 9/21/99 CVD++ (HCo7) 11952 + (JKD) ++
(KCo5) 9272 0242 ale 9/21/99 CVD++ (HCo7) 11952 + (JKD) ++ (KCo5) 9272
0243 al e WO22N8B4NVD++ (HCo7) 11952 + (JKD) ++ (KCo5) 9272ctasoez1d7ali vi dual
transgene designations are in parentheses, followed by |ine nunbers for
random y integrated transgenes. The synbgds ++ and + indi cate honbzygous or
WO 02/ 100348 PCT/ US02/ 18748 -67 hem zygous; however, because the mce are

routinely SEE@&%aé{_ﬁwg a PCR-based assay that does not allow us to

di stingui sh erozygosity and honozygosity for the randomy
i nt egrat ed huRaosphgtethuffosdeaaks, (PBS), DHgwabow ICarang Mg Hyclar D-GBSie t hat

are actual oys f ese elements. 5 Antibodies: The foll ow ng
anti - EGFR hﬁ%@g@g{@&s@@aﬁﬁ#ﬁo and in vivo: 2F8 (also referred to as
" Humax- EGERY) PB@-”NW&‘B_HuQI@), PES'@&%B@O‘.@)S%W&G@@P bha PisBCHt, The
Net herl ands); the hybridoma produci ng n225, a nouse I'g&x2a anti - EGFR

anti body,S Wa®BSbI aluadéo BSArSymesy A&éM)TyBéé @uvesas theddpikang beffer @ad enple
Rockvil | e, E/D HB 10 8508); irrelevant human 1gG i sotype control (Genmab)
whi ch was u88d€as an irrelevant 1gd antibody: and fl uorescein

i sot hi ocynate B{$ A Qlat&ONubgBhash-plaRFdsMhtisspant4oaf goat anti-nouse |19G
(H+L) which was used as the secondary anti body for indirect

i munof | uor és datidungarrlgGaschagusperifiarnotibedy, Jagkyon Irnmaadspieatshtd 89-00ab' ) 2
rabbit-cc- B%En | gG (DAKO, d ostrup, Denmark). 15 The 2F8 hybri doma was
cultured in"DVEM (G bco BRL, Life Technol ogies, Paisley, Scotland)

suppl emet ed, Wikdlint Q¥odphh@be BEMENEodCAMEOAUNTRS) - chatd Mk @Ree GLAGRM Ut ah) and
100 UmM penicillinand 100 Um streptonycin (both G bco BRL)

(pen/ st r ep) Imihigo RegBrdinA#I 0P 56 Ma Ancalternated td nseRPkAl g pbogpBatasolaBiEd
suppl emented w th 15% FBS ( one,) and pen/strep (both G bco BRL). All
cell lines 2 th%‘?’é“k%‘ﬁfnaft Eglgc in humidified at rosphere containi ng 5%

carbon di Oxbd%lkdﬂﬁmo%ﬁ%ﬁ@ﬁgMemi-H%bﬁ m,w%p; PSRkIRIA BAb bR ¥
by R2

chr omat ogr aphy fol | owe size exclusion on a 00 col um (Pharmaci a,
New Jer sey) 90Mb04 & 201 firase weisetyppspectticdel.184i. ng pr ot ei n- G chr onat ogr aphy
foll Owedl Sby 8> ipzn?trgp)h%hﬂs(})ﬁﬁPfgig?nam, or Sigma Fast tablet kit N-2770.
9. pNPP Substrate and buffer -Two options:
A. Diethanolamine buffer: Mix 97 ml of diethanolamine, Sigma D-2286, plus 0.1g
MgCl, 6H,0 and 800 ml Di Water. Adjust the pH to 9.8 and adjust final volume to 1.0
L with Di water. Add one 20 mg tablet of pNPP , Sigma N-2765, per 20 ml
20 diethanolamine buffer.
B. Sigma Fast pNPP Tablet Set, Sigma N-2770: Dissolve 1 buffer tablet and 1 pNPP
tablet in 20 ml H,O.
10. ELISA plate reader with 405 nm filter.
11. Epidermal growth factor receptor (EGFR), Sigma E 3641, Biotin labeled EGF
25 (EGF-B), Molecular Probes E-3477.
12. Biotin labeled anti EGFR MAbs or human antibodies.
13. Nonspecific human antibodies for negative controls, or purified human IgG1 x,
Sigma I-13889.
14. Automated ELISA plate washer: Titertek MAP C.

30



colum. The purity of all antibodies was >95% as determ ned by dodecyl

sul phate 25 pol yacryl am de gel el ectrophoresis (SDS-PACGE). F(ab') fragnents
wer e nadewoiod10gepsi n or ( 3-mer capt oet hanol treatment fol Pora$obys748
protein-A/G purification. Isolated F(ab') fragnents were >95% pure as
determ ned by SDS-PAGE. Cell lines: A43.7g-an epidernoid carcinoma which

hi ghly over-expresses EGFR, was 30 obtained fromthe ATCC (Rockville, ND,

32 AR SIS e bRIREER MRS, bl
st rept onyci MAB) ELIE Alplap@niét kbited wand p&/rﬁM)f-axﬁlLl\xﬁrﬁdﬁl@G}(@ﬁdm §pcbre BRL). WO

02/ 100348 PCT/ US02/ 18748 -68 As the cells grow adherent they were detached
by usi ng tr ypishady ElatksondmaBBOREsSsarch #6ehA0h-093, eB’emﬂﬁthr wpgerStgfCaktites | n

tunmor nodels, the.cells re al ways Thec e tested
for stap o ReEteter e EpBl WA RO e R AR e Bt Bidse B

experi nent . v@rﬁﬂéﬁ&%d‘%&%@@ﬁ ﬁmu%?a‘ﬁﬁﬁé %g,[l%f %@1@9&1{&@5@&&%\/%& gdidgriem
freshly euthanized mce, and placed in d serumfree nedia

(SFM in a piSA pbit@tNells withefentwells ssepeh p\l/wtsmcblde@mthdgﬁ as plpesitise vetl
rinsed tw ce en cells were e t harvest onogeni zati on
"2t seue oa PoiifaltureRedbh 53 ne2rt'E Gafel culer PrGRU TR B TGP 10

m nut es andténlﬁ?ére{t&q hhard aﬁﬁ' ahléah'n@ ph& ﬁatag'el mba@d £rﬁf-HY¥ﬁ{aﬁ i @ﬁﬁssldﬁbﬁ ma
suspendi ng the spleen cel I in ice cold O C§ for 2-5
m nut es. Thé-3&l13) 1rH0K0 waBBSHl"enlusi]‘f/dJBM \mstatidém Hi&tesaWerSFiM@atéd feehhratf uged
at 1000g for 10 m nutes. el cells were harv i nto 50

Centrif e fUBREmISHGE et  Hr hperiner L sl ShufCHer ety ¢ hr e
cycles of 151&@%&&&&9%&@110@0 nm&h@s SnPdHofbRRSPAYEES at 40530 AlaEL 18 SFM
After a cell count, spleen and nyeloma cells were mxed at a 1:1 to 4:1
rati o spl eeﬂ?latﬁfyl@lafdﬂm The spleen cell/nyeloma cell mx was pelleted by
centrifugation and the supernatant was renoved by aspiration. The fusion
was done by adding 1-2 ml of PEG solution (Sigma # P-7181) drop wise to

the cell pelHLgSA Pyaveddre fSETaNAs Spadfidt gemtitBGRR Hungnt Atibedlest Dafrecf or 75
seconds. The PEG solution was sTowy diluted by addi n%'iz m_SFM drop W se

over a niPnutidingpfAnibedy iHEGFRAamtedEIdRA mates: ZT?d"eréﬁY RNt LR hen t he
sol ution m%nt%dd%ﬂeéif?ceﬁ’l&m tfoquGlaR,rWlﬂ{étl\ﬁamsorp plates were coated with 100

ul/well of EGFR at 0.4 pg/ml in PBS overnight at 4°C or for 2 hr at room temperature.

Plates were washed in PBS-T three times, 100 ul /well of PBS-T plus 1% BSA was
added to block nonspecific sites on the plastic surface, and incubated at least 15 minutes

20 before loading samples. Dilutions of samples to be tested were loaded in PBS-T plus
1% BSA. Supernatants were diluted a minimum of 1:3 in PBS-T 1% BSA for loading
into ELISA plates. Samples and standards were loaded at 100 pl well, incubated for 1
hr at room temperature, and plates were washed three times in PBS-T. 100 pl /well of
PBS-T 1% BSA containing alkaline phosphatase labeled goat antihuman vy specific

25 antibody at a 1:3000 to 1:5000 dilution was added. Alternatively, alkaline phosphatase
labeled anti-human k can be used. Plates were incubated 1 hr at room temp, washed 4

times, and pNPP substrate was added. A absorbance was read at 405 nm.

ELISA Procedure for Testing Specificity of anti-EGFR Human Antibodies - ELISA
30 EGF/EGFR Blocking Assay: To verify that anti-EGFR antibody binds to EGFR and
additionally blocks the binding of biotin labeled epidermal growth factor to the




The solution was then slowy diluted with an additional 30 mMl of SFM over
90 seconds. Cells were centrifuged at 1000 g and for 10 m nutes and
resuspendwo 02360341 30 M of HAT nmedium The fusion m x waPcaivsor/est4g o
200-300 m in HAT suppl emented nedi um containing 3% Origin Hybridona

Cl oning Factor, and dispersed into 96 well plates at > 200 [/well (-10-15
pl at es/ spl een). Hybridoma plates were exam ned after 3-7 days for

hybri domas | e each
TelT ! o TRS: ERlBHEA oSl qurln&gru%E oS NP@%@‘%‘%; pERCoal ity ©
every 3-4 daysell 0eEGFRt210.4yid/m] HTPBE diveriiight\@ 02/ kG832 Br REISSERpekRGAS -69-
ELI SA Reagents: 1. Phosphate buffered saline (PBS), D-PBS without Ca and

My, Hycl onePBteep®re washiqddn PBSOB threx tigpgy A0 Pl 881130 EBS- ﬁB@srl%\HeSs%wamffer)

PBS cont ai ni 0, P-1379. .5 3. PBSST 0-BSA ( Si gna
o6y rnidétads bRk PR iR e BlFVER e b ol Fad TS imneer oA
pl ates, Blunsefomagdlﬁg §arﬁplEsg6Dn/@a@n§ OF ParApléédbe tasted Wi 16ARMN PB@-]S’Fl%Bal n
speC|f|c antl bo&{ §Jac son | mmunoRresearch #109-006- 098. 10 kal i ne

e

phosphat ase 1 Velb umasetaxgmerermmw g miHEIum @fplea i PBS{lgt Bt I@dﬂadlmgnmno

R h #10 98. Al | ed
Antt haman B0 SEESA Patess RaRblS iRk Bnddiad Srd B LG BARSRARN TR B! ©
19d, or | 9BnutSoHLE&h Faen%b&atﬁféhs&qi mgm/‘%eu 8@§Q>1194ab%1e%2é@1€ Qfo.sh@rmisgsi n

i sotype specific ELISA p nitrophenyl (pNPP), Sigma N27 or Sigm

Fast tabl et added and PITE. wer@ mqubméd &Jﬂshrr(ansalsaddledmftlﬁea$ampTwlotmn aready An
D et hanqgl am.ne buf f

g Mc129%HIE %ﬂas)séétematlﬁlyvﬁlﬂwe%fcﬂg %i-?:auB"' g E%ﬂelg 35%”3n5d§§>%3@{@’f1- fmaf)' .
vol ume to 1g g‘rg- moﬁ% ng\?\@ ded'?l‘fl&i @ﬂﬁ?tg@fd?q l{ral?’ £ls \%regvugﬁ)edB» 1%519{”& Set .

N- 2765, per am ne B. Sigma Fast pNPP Tab
Sigma N-277Q] MIllssFHBST "/bBSfA&j’onta&th'Str@ﬂaifldmﬁﬁﬂaﬁne pl@dsbﬁitaSerhtZQOUO H20.

dilution was added, and incubated 1 hr. Plates were washed 4 times, pNPP substrate
was added, and absorbance was read at 405 nm.

15
Competitive ELISA for Determining Epitope Specificity of anti-EGFR Human
Antibodies - Competition with Commercial murine MAbs 225, 528, ABS, and 29.1:

This assay was performed to determine which MAbs are most like antibodies 225, 528,
AB5 and 29.1. MAbs 225, 528, and AB5 block EGF binding to its receptor and inhibit
20 in-vivo endogenous tyrosine kinase activity of EGFR. MAD 29.1 is a non blocking
MAD that binds to a carbohydrate residue of EGFR. Plates were coated for at least 2 hr
at room temperature, or overnight at 4°C, with 0.4 pg/ml of EGFR in PBS and washed
and blocked with 100 pl /well of PBS-T 1% BSA. The blocking solution was flicked
out and 100 pl/well of PBS-T-1% BSA was added to columns 1-6 on the left side of the
25 plate while an unlabeled mouse MAb at 1 pg/ml (100 pl/well) was added to the right
side of the plate in columns 7-12. Plates were incubated at room temperature for 1 hour
and 25 pl of cell culture supernatant was added to the equivalent position of each half of
the plate so that each supernatant is loaded onto one well with PBS-T-1% BSA and one
well with mouse MAD. Plates were incubated 1 hr, washed, and alkaline phosphatase
30 labeled anti-Human IgG Fc antibody was added. Plates were incubated 1 hr. Plates

were washed and substrate was added. Absorbence was read at 405 nm. The %



10. ELISA plate reader with 405 nmfilter. 11. Epidermal growth factor
receptor (EGFR), Sigma E 3641, Biotin | abeled EGF 25 (EG--B), Ml ecul ar
Probes E-w00Z/10i828 Bi otin | abel ed anti EG-FR MAbs or hunmanpamttisbodizes. 13.
Nonspeci fi c human anti bodi es for negative controls, or purified human 1gG I
K, Sigma 1-13889. 14. Automated ELI SA pyate washer: Titertek MAP C. 30 WO
02/ 100348 PCT/ US02/ 18748 -70 Anti Human 1gG K ELI SA: To screen hybridoma

pl ates for - I e ith 1
G i of  ant (O PERLIG ot DEARSHE LGB By e b R IO FRBHERWL Lo o
#109- 006- 09&ithouedomgtitio®r OID)swemaaht #ith MPABteapetitiohe’ OB Stysdndtint avifhoat e
washer and 100 | /well PBS-T plus 1% BSA was added. Plates 5 were incubated
at |east 15cpmpeitios) ¥d8910-50 | of cell culture supernatant was added to
ELI SA plate wells with a fewwells in each plate included with 1gG as a
positive control and cell culture nmediumas a negative control. Plates
wer e i ncvbatCethpkti@vhELEA foydleteringmpg EattazpeeSpemfsitgabf aptnd GHR<H bimae

phosphat ase | abe ed 3 t| - k od ) 1: 5000 in.PBS-T
pl us 1% BSAARELOYAYH B4 SN Wit % 2 digsy Ggmpetitive

t enper at ur e py@8 hedy élw%ie'm% }Be'?fo?m&ll a}&t%ﬁﬁmhe sﬁéBiiﬁd?NPd? tﬁéJQﬁf-E@FR Mé&$an
added. Plates were |ncubat ed 10-60 m nutes and absorbance was read at 405
nmin an ELkSbodnsatPatesoserecoatd faeAt Ragdduat eOOfImtenﬁE&ttumgOISpfemlght@t #3C,of

Bl SA pl at ?&W&Aﬂéfkﬁ?ﬁ'@ﬁ in bR e e e eed bkt vtk aDS yBERa o <
EGFR  Nupc Wl f?%‘agléa %@r(go-%@ﬁgﬁﬁp‘é’fﬁﬁlgﬂe(fé’d h&rflé(}?Man{gleESfﬁo%e 0.4 g/m

i n PBS overnigh oom erature wer e washed

in PBS-T thM&biWﬁ?@ddedQﬂthb tépMREll(sPof thBptale @il&lﬁn 2fd BSAl wasseqaeldrdlyt o bl ock
nonspecific sites on the plastic surface, and incubated at | east 15 m nutes

20 before |@raa$f¢rgecbmpne@d sendllytdommscaph C@lamt@gre@ts: gareedaldatlufien seriesafied i n

PBS-T pl o B t ant f PBS-T 1%
bon Tor | oagriiirmunngs B S Sl frenith Bofsin el AR 8L. Bintes ibaboy 1,
100 pl wel | jndyB&dadrathrf A0 2b 1/ REN afmbﬁ@;{mk@qamm mmﬁn&tmoay gs were
washed three tines in PBS-T. 100

15 unlabeled mouse anti-Human EGFR antibodies was added to the entire plate so that the

final concentration of competing antibody was approximately 0.1-0.2 pg /ml. Plates
were incubated for 1 hour at room temperature, washed, and 100 pl/well streptavidin
alkaline phosphatase (1:2000 in PBS-T-BSA) or Alkaline phosphatase labeled goat anti-
Mouse IgG was added. Plates were incubated 1 hour, washed, and substrate was added.

20 Absorbence was read at 405 nm.

FACS Procedure for Testing Specificity of anti-EGFR Human Antibodies - EGF/EGFR

Blocking: This assay was used to verify that anti-EGFR antibody binds to EGFR on the
cell surface, and by doing so, blocks the binding of biotin labeled epidermal growth

25 factor (EGF-B) to the Epidermal growth factor receptor (EGFR). This FACS based
method uses the human epidermal carcinoma cell line A431 which expresses about 106

EGFR molecules/cell.

30



PBS-T 1% BSA contai ni ng al kal i ne phosphat ase | abel ed goat anti human y
specific 25 anti body at a 1:3000 to 1:5000 dilution was added.

Al t er nat iwelogiiomskskal i ne phosphat ase | abel ed anti - hunan xPpPcamsbzisrsed.

Pl ates were incubated 1 hr at roomtenp, washed 4 tinmes, and pNPP
substrate was added. A absorbance was reagl-at 405 nm ELI SA Procedure for
Testing Specificity of anti-EG-R Hunman Anti bodies - ELISA 30 EG- EGFR

Bl ocki ng Assay: To verify that anti-EG-R anti body binds to EG-R and
additionally bl ocks the binding of biotin | abel ed epidermal growth factor
to the WO OMaatddidr BGHRIBALSIRTAS: -71 Epi dermal growth factor receptor

(EGFR), Nun SO coated with 100 f

g/m in PBS%%‘@AF@W“Q@Q%W %r) nLIN QS HHME e]\rAgtf{lﬂ'Sg Egsgf’gl vver e
washed in PBRg Jidfa88 DNMERSplud 99 opFchvel | of PBS-T plus 1% BSA was added
to bl ock nonspecific sites on the plastic surface, and incubated at | east

15 minuteés 3. HefpsureE[Hédmigl(s*aﬁmr@sT -3B24.uti ons of sanples to be tested were

| oaded in PBS-T ern ts we of 1:3 in
PBS-T 1% BSA: t?’} féﬁa@%é"&sﬁwﬁ a‘be"gP‘é%“ fs”g’% % E‘ﬂd“%‘*‘ AL er o

| oaded at 1QO0 Mn%bh@m&d‘%‘%flggatésor 30 mnutes at roomtenperature, and
20 pl/well of Biotin |abeled at 0.5 g /mM was added and plates were

i ncubat ed f dr PBSnste(ltehl s is added to the sanple soluti on al ready on 10 the

pl ates). Al te | ve ne washed, and 100
pl /well OQIP% B%ENP‘BS)S()ZE?’ Sggldl Zé&jed&f ;&u%'%eéé for 1 hr. Plates
were Wasmed 73HEﬁBaed $Q@ptamu{ BRinka ©B4EBPiTutd %BSA FA@E Bufiirng strept avi din
al kal i ne phosphatase at 1:2000 dilution was added, and incubated 1 hr.

Pl ates wer e SwdEhlebelad of RS lapalpastiibemamtes, Rnsspeaidisd Phasminiaens 3H94Xce was

read at 405 %)2.5 Conpetitive ELISA for Determ ning Epitope Specificity of
anti - EGFR Hl} ‘Ant i bodi es - Conpetition with Conmercial nurine MAbs 225,

528, ABS, amd [2% sbeed Iﬁtﬁﬁ%@&aﬁl AR RE bhketRadla@astet F b RellWNieh MAbs are
nost |ike anti bod| es 225 AB5 and 29.1. MAbs 225, 528, and AB5 bl ock

EGF bi ndi ng (B@Clﬁﬂt@)recept or and inhibit 20 in-vivo endogenous tyrosine

ki nase afzstl EGFR. MAb 29.1 is a non blocking MAb that binds to a
car bohydrate re5|dgue_of EGFR. Pl ates were coated for at least 2 hr at room
t enper at ur e,110BDOFACSItghds. at 4C, with 0.4 g/m of EGFR in PBS and washed
and bl ocked with 100 | /well of PBS-T 1% BSA. The bl ocki ng sol uti on was
flicked

Procedure: A431 cells were harvested by trypsin EDTA treatment. Medium from tissue
culture flask was removed and flask was rinsed briefly with 10-20 ml sterile PBS or

20 HBSS. 5-10 ml of trypsin EDTA was added and flask was returned to incubator for a
few minutes. As cells began to detach from the plastic surface, a 10 ml pipette was used
to gently syringe the cells from the plastic surface and to generate a single cell
suspension without too many cell clumps. Cells were transferred to a 50 ml tube with
20-30 ml of cell culture medium (with FBS), centrifuged for 10 min at 1000 g, and

25 washed twice by centrifugation and resuspension of cells in cold FACS buffer. Cell
solution was filtered through a nylon mesh to remove cell clumps (the top of BD FACS
tubes are equipped for this). Cells were counted and the volume was adjusted so that
there are between 1 to 5 x 10° cells ml. Cells were dispensed into a round bottom 96
well plate at about 200,000 cells/well and centrifuged for about 1 min at 1000 g and then

30 the liquid was flicked out (cells should remain in well bottom). Plates were kept on ice
or at 4° C. In a separate 96-well plate, antibody sample dilutions in FACS buffer was
prepared by preparing a three fold dilution series of antibody starting at 10 pg/ml and



out and 100 pl/well of PBS-T-1% BSA was added to colums 1-6 on the |eft
side of the 25 plate while an unl abel ed nouse MAb at 1 pg/m (100 pl/well)
was addedwomtibms4s i ght side of the plate in colums 7-12PCRIBIBESS™NES €

i ncubated at roomtenperature for 1 hour and 25 pl of cell culture

super nat ant was added to the equival ent.ppsition of each half of the plate
so that each supernatant is Ioaded onto one well with PBS-T-1% BSA and one

|l h
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Human Anti bodi es: Conpetitive ELISA assays were also perfornmed to

det er mi ne t hellopSteptavidiy PBf wahasddadtrixEdRRd ingvbated dort 3 Cooihiutes onfteatBe wer e
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sequent i al | yellstwaraah@yzeddn aach sampbelbys EACSIih yhedting chanfel.MCEwarsumAnnkmtye a
three faold dilution seru?s of each antibody. 50 | was discarded fromthe
bot t om V&I | COERTatARMN POt es were incubated for 1 hr and 20 [t/wel | of
bi oti nyl ated anti - EGFR human anti body or 15 unl abel ed nouse anti-Hunman EGFR

antibodi es was added to the entire plate so that the final concentration
of conpet i nflumanion ddymeldleriyedMatenals:e Ay3 D Human 2piglerméid cricatoas: cellding

i ncubat ed f r ature and | |

T ot aut ai PRGBS T A 20R OB AR TOREAL Sy AR e AR RS | elfiiay Cp
phosphat ase2babsl@y RPOEL3 aps.653 MybdmalcgiblinasABAdaTRL Pb80, 85t Rves 831 ncubated 1
hour, washed, and substrate was added. 20 Absorbence was read at 405 nm

FACS Pr déed@rigin diybridemprdosipe Eretpeilggn D004ht QPEPRIepsRaSizne Dotifides -
EGF/ EGFR j,bod
binds to Eé&gon%eegg%@l(ﬁgﬁ%ﬂggi#suﬁ?%l({)391dﬁ{ '&Mls{%@@%fg%& Eﬁﬁ? |n8 )c/)f

bi oti n | abelUesh. epiigterFradzegvieditun (Igen, # 210002)

ELISA: For determining the binding of human antibodies to EGFR, an ELISA with

20 EGFR (Sigma, St Louis, M) coated overnight in a concentration of 1 pg/ml in PBS on a
96-wells microtiter plate (Greiner, Frickenhausen, Germany) was used. After blocking
the plate with ELISA buffer (PBS/.05%Tween 20 and 1% chicken serum (Gibco BRL))
at a concentration of 100 pl/well, monoclonal antibody diluted in ELISA buffer was
added and incubated for 1 hour at 37°C. The plates were subsequently washed 3 times

25 and incubated with peroxidase labeled goat anti-human IgG Fc specific (Jackson, West
Grace, P) for 1 hour at 37°C. The assay was developed with ABTS (Roche Diagnostics,
Mannheim, Germany) for 30 minutes. Absorbance was measured with a microplate
reader (Biotek, Winooski, Canada) at 415 nm. With regard to blocking studies, the
plates were pre-incubated for 10 minutes with 50 pl blocking agent in ELISA buffer

30 Dbefore adding 50 pl fully human antibody. For determining human IgG in mouse serum

ELISA plates were coated with rabbit anti-human kappa, light chains (DAKO) overnight



25 factor (EG--B) to the Epidermal growth factor receptor (EGFR). This FACS
based nethod uses the human epidermal carcinoma cell |ine A431 which

expr esseswahout03i®6 EG-R nol ecul es/cell. 30 WO 02/ 100348 pPUT/SUEX24818748
-73- Materials for EGFR FACS assays: 1. A431 cells (ATCC CRL 1555)
confluent in one or nore T-175 flasks. Ay7431 cells are cultured in DVEM
plus 10 % FCS. 5 2. Trypsi n-EDTA solution, Sigma T-3924. 3. Biotin | abel ed

EGF. Prepar : / Round
e P36 SR SN Do Rsp R f plalh LIS o
sodi um azi deuffﬁﬁ(@ssboi%&fw)eenmna 19%khickdredeadn St00atvesl ], diduse Sirgivadiloted4n?2.
Dilute 1:20 in FACS buffer. 8. PE-labeled or FITC |abel ed anti human IgG
FC y speci f E&ISpbaftai wasasded andmgubatglifos 4 hounat 370k dpeelnteserire i f uge wit h
SW ngi ng bu t FACS 11.
BD FACS tubglgl%te e%g gﬁe% %ﬁ%‘%? 5“19@’%%Arde‘%ﬁbé\?éé‘tdé%qgw)abg#f(‘”’l}—_’%’m

t r eat nents. Iﬂagmuﬂnsfam ﬁumamg@(DAKl(l)Lfbel hbwrsk BW@ Tlmmv@dwambvtalopsd(wvhs

rinsed briefly with 10-20 . sterile PBS or HBSS. . 5-10 m of tryp5|n
EDTA was ad Saﬂ%PCPF)afng\B%mF%% urbreebange wawssﬁtuqu Vih a gicpopltaseaiires

cells begang i fhomthe plastic surface, a 10 ml pipette was used
to gently s§r|n the cells fromthe plastic surface and to generate a
single cell suspension wthout too many cell clunps. Cells were

transferred o a 50 ml t with 20-3 of .cell .culture .medi Lt h
FBS) - cent riydaterdiy IR Sl brafosine iher U Hate Bl SuTERAN ot ¥
centrif ugat ihQRueHsk 4€s @ngweowas%d aéd SmbdinghoshHatBuiedd Qline Cel |
solution was filtered through a nylon nesh to renove cell clunps (the top

of BD FACS supmemenieewahdi’pbeuing @¢rumﬁ1§9mln¢&0ﬂg€)\m¢l 8.0d saneide. §nunt@1he vol une
was adj usted. so tha her t0_.5 e wer e
di spensed i ﬁ}amnég v O% Hfa%onr%n[ thbIl%%t c\:’\%?u%aged Fc(ab )2)&‘r§g91§en?s Afl a gorﬁ antlor% Lk
antibody or with FITC- conjugated F(ab’); fragments of a rabbit anti-human IgG
antibody. With regard to inhibition experiments, the cells were pre incubated with EGF
15 or TGF-a for 10 minutes at 4°C. All samples were analyzed on a FACScan

flowcytometer (Becton-Dickinson, San Jose, CA).

Phosphorylation studies: Sub-confluent cultures of A431 cells in 24-wells plates

(NUNC, Kamstrup, Denmark) were treated overnight with low serum conditions (0.5%).

20 Different antibody dilutions were added to the wells and incubated for 30 minutes at
37°C and 5% carbon dioxide. Cells were stimulated with or without 5 ng/ml EGF
(Prepotech, Rocky Hill, NJ) for 5 min at 37°C and 5% carbon dioxide. Cell extracts
were prepared as described by Tomic et al. (Tomic et al, 1995) using 100 pl of lysis
buffer per well. Fifty pl of A431 cell extract was analyzed by sodium SDS-PAGE and

25 immunoblotting with anti-phospho-tyrosine antibodies (PY20,Transduction
Laboratories, Kentucky), goat anti mouse IgG-HRP antibodies (Transduction
Laboratories), and ECL detection. For stimulation with TGF-a (Prepotech, Rocky Hill,
NJ) sub-confluent cultures of A431 cells in 24 well plates (Nunc) were treated overnight
with low-serum medium (0.5%). Antibodies were added in a fixed dose of 10 or 0

30 pg/ml and incubated as described as above. The cells were stimulated with an

increasing amount TGF-a.. Cells were treated as above.



wel | plate at about 200,000 cells/well and centrifuged for about 1 mn at
1000 g and then 30 the liquid was flicked out (cells should remain in well
bott om . Wbakaeowere kept on ice or at 4 C |In a separat @C98romid74pl at e,
anti body sanple dilutions in FACS buffer was prepared by preparing a three
fold dilution series of antibody startinggat 10 pg/m and WO 02/100348

PCT/ US02/ 18748 -74 decreasing to 4.5 ng/m . 100 | of each anti body
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ALE1032 d Al 3 Utah. O d
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EGFR, an EL M&Anmilﬂecgﬁhtli@?ﬂcfoﬂﬂéfﬁaadﬁtush@w ﬁOnMﬁl@&aﬁiﬂih esiie@ittnden a

concentratign of 1 g/m, in PBS on a. 96-wells mcrotiter plate (G einer,
Fri ckenhaus &ker. dahibeinmis weasuiedip trlnh%aéfrs rﬂesf@mag@of repptive icall profiferptiqn wasa

buf fer (PBS),

concentrati onggﬁﬁgyfi%@m%ﬁg%emnog ona az‘ﬁ%?@"& gﬁﬁlﬁfﬁgyhﬁa@ﬁl%ﬁ buf f er
was added antibddgcubahedtiéoby mehaenagaabsaﬂﬁnce'l'fnernpi/eils@ﬁlwbeh&i mousiéqdent | y
washed 3 t| 25 and | bated w th peroxi dase | abel ed goat anti-human 1gG
Fc spemhc?‘%ﬁl %Bﬂm%@@? Grace, P) for 1 hour at 37C. The assay was
devel oped with ABTS (Roche Di agnostics, Mnnheim Germany) for 30 m nutes.
Absor bance was neasured with a mcroplate reader (Biotek, W nooski,

Canada) at ZEffsctonrellsolntiomgBeripherml bhoe kloed cellsrderessolatadby a method slightly

modified from that described in Repp, et al. (1991) Blood 78: 885-889. Briefly,

heparin-anticoagulated blood was layered over a ficoll gradient. After centrifugation,
20 effector cells were harvested from the interphase and the remaining erythrocytes were

removed by hypotonic lysis. Cytospin preparations were used to assess the purity of

isolated cells which was higher than 95 %. The viability of cells, determined by trypan

blue exclusion, exceeded 95%.

25 ADCC assays: The capacity of fully human antibodies to lyse tumor cells was evaluated
in >'Chromium release assays (Valerius, et al. (1993) Blood, 82: 931-939). Isolated
human white blood cells were used as effector source. In brief, tumor targets were
incubated with 100 pCi >'Cr for two hours. After a three times wash with culture
medium, 5 x 10 target cells were added to round-bottomed tissue culture plates

30 containing 50 pl of isolated effector cells and sensitizing MAb in different
concentrations and diluted in culture medium. The final volume was 200 pl and the

effector to target cell ratio (E:T) 80:1. The assays were incubated overnight at 37°C and



pl ates were pre-incubated for 10 mnutes with 50 d bl ocki ng agent in ELISA
buffer 30 before adding 50 I fully human anti body. For determ ni ng human
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were added in a fixed dose of 10 or
different concentrations. Association and dissociation constants were determined using

BlAevaluation software (version 3.1).

Mice and tumor models: Nude Balb/c mice (NuNu) were purchased from Harlan

20 (Horst, The Netherlands). All experiments described were performed with female mice
of eight to twelve weeks old. Mice were housed in the Transgenic Mouse Facility of the
Central Laboratory Animal Facility (Utrecht, The Netherlands) and experiments were
approved by the Utrecht University animal ethics committee. When participating in an
experiment, mice were checked thrice a week for signs of toxicity and discomfort

25 including level of activity, skin abnormalities, diarrhea, and general appearance. A
well-established subcutaneous (s.c.) tumor model was used. Briefly the high EGFR
expressing A431 cells were inoculated, on the right side of the mouse, at a dose of 3 x
10 cells. The tumors grow uniform and can be easily measured by vernier calipers.
The tumor volume is reported as length x width x height (in mm?). The monoclonal

30 antibodies were injected intraperitoneally (i.p.) according to the study protocol. The

tumor cells were tested for stable EGFR expression after in vivo passage by flow



30 g/ and incubated as described as above. The cells were stinulated with
an increasing anount TGF-a. Cells were treated as above. WO 02/100348

PCT/ US02/WB0480034¢6 I n vitro Cell Gowth Inhibition: Cell pgmawotris7ai bition
features of fully human antibodies were evaluated with a non-radi oactive
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wer e har vesEsamploh t HFW@PM&%“&W#F’I@G}“W@W thepgodustion S ApticEGRE o
removed by hypotonic i wsed to assess the
purity of isolated cgﬁ{gﬁm%ha\%gsﬁ Qlolgtgeﬁég?&? d&’sﬂg:gmg he viability of
cells, determ ned by trypan bl ue excl usi on, exceeded 95% 25 ADCC assays:
The capacit of ful I y hy anl bod| es to Iyse tunor cells was eval uat ed
in 5 Chroni Wepstaicigeefa GV targepineNeetos et al. (1993) Bl ood, 82: 931-939).
I sol ateds human whi terh gf&%&?ﬁt@n’ﬂ@é&ndﬂ&% E’&)I@f)ﬂﬁ)@fﬁgméﬁ‘wf(iﬁe muAndId ef
tunmor targets were incubated with 100 p.CG 51Cr for two hours. After

t hr ee ti meshemytehaintlpcususpaonieg tresrdin geme, Blax“mgsbttamﬁ@épnceBb@/Q\gq:@nadded to

o toct or - corremieehEri S i T dp R Ty i tehofle AARMAN Gl

subcloned into the Xhol/EcoRI sites of the plasmid pICEMI9H (Marsh et al; Gene 32,

481-485, 1984). The heavy chain sequences included in pICEmu extend downstream of

20 the EcoRI site located just 3' of the mu intronic enhancer, to the Xhol site located
approximately 1 kb downstream of the last transmembrane exon of the mu gene;
however, much of the mu switch repeat region has been deleted by passage in E. coli.
The targeting vector was constructed as follows. A 1.3 kb HindIIl/Smal fragment was
excised from pICEmu and subcloned into HindIIl/Smal digested pBluescript

25 (Stratagene, La Jolla, CA). This pICEmu fragment extends from the HindlIII site located
approximately 1 kb 5' of Cmul to the Smal site located within Cmul. The resulting
plasmid was digested with Smal/Spel and the approximately 4 kb Smal/Xbal fragment
from pICEmu, extending from the Smal site in Cmul 3' to the Xbal site located just
downstream of the last Cmu exon, was inserted. The resulting plasmid, pTAR1, was

30 linearized at the Smal site, and a neo expression cassette inserted. This cassette consists
of the neo gene under the transcriptional control of the mouse phosphoglycerate kinase

(pgk) promoter (Xbal/Taql fragment; Adra et al. (1987) Gene 60: 65-74) and containing



concentrations and diluted in culture nmedium The final volune was 200 |
and the effector to target cell ratio (E T) 80:1. The assays were

i ncubat edwowenmizght at 37C and WO 02/ 100348 PCT/ US02/ 1874@CTARG2/s47apped by
centrifugation. The chromiumrel ease was neasured in supernatants in
triplicates. Percentage of cellular cytojpxity was cal cul ated using the
formula: % o Experinental cpm - Spontaneois cpm SpecifclLysis = x100

Maxi muncpm g i S by
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as length x width x height (in nm8). The nonocl onal
Cmu exon. The targeting vector was linearized with Pvul, which cuts within plasmid

sequences, prior to electroporation into ES cells.

Generation and analysis of targeted ES cells
20 AB-1 ES cells (McMahon, A. P. and Bradley, A., (1990) Cell 62: 1073-
1085) were grown on mitotically inactive SNL76/7 cell feeder layers (ibid.) essentially

as described (Robertson, E. J. (1987) in Teratocarcinomas and Embryonic Stem Cells: a

Practical Approach (E.J. Robertson, ed.) Oxford: IRL Press, p. 71-112). The linearized

CMD targeting vector was electroporated into AB-1 cells by the methods described
25 Hasty et al. (Hasty, P. R. et al. (1991) Nature 350: 243-246). Electroporated cells were
plated into 100 mm dishes at a density of 1-2 x 108 cells/dish. After 24 hours, G418
(200 micrograms/ml of active component) and FIAU (5 x 10”7 M) were added to the
medium, and drug-resistant clones were allowed to develop over 8-9 days. Clones were
picked, trypsinized, divided into two portions, and further expanded. Half of the cells
30 derived from each clone were then frozen and the other half analyzed for homologous

recombination between vector and target sequences.



30 anti bodies were injected intraperitoneally (i.p.) according to the study
protocol. The tunor cells were tested for stable EGFR expression after in
vi vo passwge2hyosis ow WO 02/ 100348 PCT/ US02/ 18748 -78 cyt @QEtusy2/a7ds

i mrunohi stochem stry. In order to determ ne pharmnmacoki netics, mce, wth
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sequences i peiteided Spel seER{] B2t @ andvitl &t waisiapt clowesishecrddn Seithan| ocat ed
just 3" of I Nt r QNI i | oL
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pl CEnu fragnment extend romthe Hndl1l site | ocate appr oxi nate
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P EcoRI restriction fragments diagnostic of insertion of the neo cassette into the Cmul

€xon.

Generation of mice bearing the mutated mu gene

20 The three targeted ES clones, designated number 264, 272, and 408, were
thawed and injected into C57BL/6J blastocysts as described by Bradley (Bradley, A.
(1987) in Teratocarcinomas and Embryonic Stem Cells: a Practical Approach. (E. J.

Robertson, ed.) Oxford: IRL Press, p. 113-151). Injected blastocysts were transferred
into the uteri of pseudopregnant females to generate chimeric mice representing a

25  mixture of cells derived from the input ES cells and the host blastocyst. The extent of
ES cell contribution to the chimera can be visually estimated by the amount of agouti
coat coloration, derived from the ES cell line, on the black C57BL/6J background.
Clones 272 and 408 produced only low percentage chimeras (i.e. low percentage of
agouti pigmentation) but clone 264 produced high percentage male chimeras. These

30 chimeras were bred with C57BL/6J females and agouti offspring were generated,
indicative of germline transmission of the ES cell genome. Screening for the targeted

mu gene was carried out by Southern blot analysis of Bgll digested DNA from tail



30 linearized at the Smal site, and a neo expression cassette inserted.
This cassette consists of the neo gene under the transcriptional control
of the nmoweezptssphogl ycerate ki nase (pgk) pronoter (XbalPCTaggh2/is7agnment ;
Adra et al. (1987) Cene 60: 65-74) and containing WO 02/100348

PCT/ US02/ 18748 -79 the pgk pol yadenyl atgpn site (Pvull/H ndl Il fragnent;
Boer et al. (1990) Biochemcal GCenetics 28: 299-308). This cassette was
obt ai ned fr : I ' Helclen | @i EZ | <0 ) Cell
65: 1153-11 %pg‘PrggaSnd\%%Hé’ﬁdtg eenféﬂg% ssgette%%lsﬂpeq)% i Sppfckidihie Slgcéu‘éf%i ndi 1|
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EcoRl / Sal | ?lgc!e%fﬁ#@oﬁb’tﬂem%st@ﬁ'ag& Ca G R Gl PRERA 610 6 of the
plasmd PpTARI, in the opposite orientation of the genom c Chu sequences.
The resulting plasmd was linearized with Not I, and a herpes sinplex
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sequences, mqné}aqdoaswsg@y@éﬁétfpro epm56n°E§\?héré+r1n§3gMer{g’f'%9f Saeikd anal ysis
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targeting veebRI/SHRFra@hesi(IRPPiéhEkbtiaftt @hahelart@his Svidh faho BRIrBRASUm
descri bed 25 Hasty et al. (HaSté‘ép P. R el al. (1991) Nature 350: 243-246).
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expression of the mu gene.

20
TABLE 2
Mouse Serum IgM Ig H chain genotype
(micrograms/ml)
42 <0.002 CMD/JHD
43 196 +/JHD
44 <0.002 CMD/JHD
45 174 +/JHD
129 x BL6 F1 153 +/+

JHD <0.002 JHD/JHD




pi cked, trypsinized, divided into two portions, and further expanded. Half
of the cells 30 derived fromeach clone were then frozen and the other half
anal yzed worozhaoses ogous reconbi nati on between vector andpPraruget/igegjuences.
WO 02/ 100348 PCT/ US02/ 18748 -80 DNA anal ysis was carried out by Southern

bl ot hybridi zation. DNA was isolated frgmthe clones as described Laird et
al. (Laird, P. W et al., (1991) Nucleic Acids Res. 19 : 4293). Isol ated

genom ¢ DNAT s »di ge i d 1 ] | . fkagment,
probe A, whi \é\ﬁe %fhgwglih%ggwtl%&aé%g%@ﬂt%eq{)cg eﬁtﬁ}’é f?rrurgéc%icgﬁfgﬁi%gtheth ancer
and the nu embahd /DI mitatidisqOMBYTHEY) efok sice Bet&okiobp &r the H@Demitatidnr om t he
wld type |ocus iagnostic 7.6 kb bhand from cus whi ch has

and a dia anulo
homl ogous! §*HERbrek Wik (et RSt EREEANEAiisg (VBbear Ty ee hediasabmies on
cassette ¢ ' i : 18 and FI AU resi stant clones
screened byﬁ%%@yﬁf&%ﬁojt}ﬁgna ?éﬂ%(fﬁ%@& ayed the 7.6 kb Spel band
i ndi cati¥e of honol ogous reconbination 10 at the nu | ocus. These 3 cl ones
were further, digested with the Bgll, BstXl,  and FcoRl to verify
that the veEsSIIeS cqlermertams G ey nsreric FRES 1l CERIGAER of BT | di 5 ed
wi th probe A, Souther gd¥@han2h atibddiexpe DNA digested with Bgll, BstXl, or
EcoRl produce fragnents of 15.7, 7.3, and 12.5 kb, respectively, whereas
the presence of a targeted nu allele is indicated by fragments of 7.7,
6.6, and 14 kb, r.espectively. .15 All 3 positive clones detected by the
Spel di gest ~Shdwed T HERISEYY KIPUBHANSECIEt XI, and EcoR restriction
fragmentiy di agnosti c @he HISEIA trRB8gk vt«da%eﬂ@@tea@ss:etn?]@tibﬂbotﬂeiw BTHdert gfxon.
Generation of mce bearing the nutated nu _gene 20 The three targeted ES

cl ones, despPH&at(@aylnustnr 1% Intolpmunglq 6498-5%eead therdniduingitof My et B i nt o
C57BL/ 6J bl ﬁgatrsr%g&/é\z% %ﬁ%gl&ﬁ&ﬁétp‘g?se%%@‘h%ﬁe%'( Bradl ey, A (1987) in

Ter at ocar ci ryonic a Practical Approach. (E J.
Robertson, ed.) Oxfordn 8 Rkb FiedH/Sal. DNAYrddmient, donjpeisingdhdgeasiliae yisian wer e

transferred__into the uteri of eudopr egnant f | es, t o, gener chi,neric
mice represditi- 24 %ﬁr%tt?ﬁeéhegg’“@‘épﬂegoxg'@?tﬁb’e%g gFBﬁS_tfi?é‘k?%p%ﬂda%%’ BE*JFI S Iand
the host;spl ﬁ%ﬁﬂﬁ%g%noﬁggecﬁ?ﬁﬁ%as‘gubclg&@ﬁltd the PMsti P YL p P92 (PRnfghmer a can

be visually esti e e anount of agouti = coat coloration, derived
from t he ESMzlidon] Wigto generategthb plaskidgABL7. BY AdddbgbaadbHindbIldes 272 and

408 produce gragrrﬁLtXt, !:gn\%xg) s?rligct th%%in%mu%ea{na\?Hg 51 ?DP'—%‘?’ ggr?er &)ggthgxg\giﬂ?f

approximately 5 kb of 5' flanking and 1 kb of 3' flanking genomic sequence, was cloned

—

v

into the pBR322 based plasmid cloning vector pGP1f (Taylor et al. 1992, Nucleic Acids

20 Res. 20: 6287-6295), to generate the plasmid p251f. A new cloning vector derived from
pGPI1f, pGP1k (SEQ ID NO:13), was digested with EcoRV/BamHI, and ligated to a 10
kb EcoRV/BamHI DNA fragment, comprising the germline human VH3-23 (DP47)
gene together with approximately 4 kb of 5' flanking and 5 kb of 3' flanking genomic
sequence. The resulting plasmid, p112.2RR.7, was digested with BamHI/Sall and

25 ligated with the 7 kb purified BamHI/Sall insert of p251f. The resulting plasmid, pVx4,
was digested with Xhol and ligated with the 8.5 kb Xhol/Sall insert of p343.7.16.
A clone was obtained with the VH1-18 gene in the same orientation as the other two V
genes. This clone, designated pVx6, was then digested with Notl and the purified 26 kb
insert coinjected--together with the purified 80 kb Notl insert of pHC2 at a 1:1 molar

30 ratio--into the pronuclei of one-half day (C57BL/6J x DBA/2J)F2 embryos as described
by Hogan et al. (B. Hogan et al., Manipulating the Mouse Embryo, A Laboratory
Manual, P edition, 1994, Cold Spring Harbor Laboratory Press, Plainview NY). Three



agouti pignentation) but clone 264 produced hi gh percentage nmal e chineras.
These 30 chinmeras were bred wwth C57BL/6J fenal es and agouti offspring were
gener at edwo oendize@at i ve of germ ine transm ssion of the ESpcalusoyestosre.
Screening for the targeted nu gene was carried out by Southern bl ot

anal ysis of Bgll digested DNA fromtail_g¥Q 02/100348 PCT/USO2/ 18748 -81

bi opsi es (as described above for analysis of ES cell DNA). Approximtely

50% of the . i f i kb i

2dd 1 on o petepie) BErAReHE MRt Sl ELaRe b AT S d pC2E 11
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unctiona

the neo casSetgnst qdr{H&Q}@Sl‘*ggﬂa&I @h@é?@&e} ﬁ@ﬁ@ﬁi@%@gﬁy vé/a gﬁ’gﬂ}?

clone 264 chj, 0BG Wk H?é@glltmlbe Sorliftiktity thg@mﬁm@th’l@oﬁ &rs?ltl&% i @Qar'ﬁ‘ﬂfe t ' on

whi ch i nactivates heavy chal n expression as resul t del etion of 'the JH
gene seghents JmthnaCher(dtQQHP%rEMB@J 13; 8614?2(1358)d thEGE0DO2BYout |

of f spring Were enerated. Ser S oht. ed . fro animal s at the age
of 1 nnnth‘%ﬁﬂ éé@@ﬂﬂ%? Eﬂgggﬂgﬁwfﬁﬁgw §%¥%€13#§§§ CIGMIUBEAYISSE 1 he
four offs pemessmhfanqﬂmnsgl%bmlﬂ REY ragd kwa(lgﬂeclm{rmgénes@eaoawdgmgldof
the four animals by Southern blot analysis o fromtail biopsies by

Bgl | di gest homogigduhfdsdisdipten Qf the exidpenons bwuge liessr am kappe light charlopy St ul
di gestion and hybridization with a 475 bp 15 EcoR/Stul fragnment (ibid.)
denonstrated that the animals which fail to express serum IgMare those in

whi ch on® alExeémplod t PeodiReio) of FRirian Mohdcloaal Agfibbédies AphinSUEGFRON, the
other allele the Cru 1 nutation. M ce heterozygous for the JHD nutation

display wild type levels of serumlg. These data denonstrate that the Cml
T on nect Ve sl R R LB EqERl i Serum o
<0. 002 CMY btidan Afonddldnatadtihddies. Stram ((CMD)++; (JKD)++; (HCo7)11952+/++;
(KC05)9272+/++) (referred to herein as “HCO7 mice”, and strain ((CMD)++; (JKD)++;
15 (HCo012)15087+/++; (KC05)9272+/++) (referred to herein as “HCO12 mice”). Each of
these strains are homozygous for disruptions of the endogenous heavy chain (CMD) and
kappa light chain (JKD) loci. Both strains also comprise a human kappa light chain
transgene (HCo7), with individual animals either hemizygous or homozygous for
insertion #11952. The two strains differ in the human heavy chain transgene used.
20  Mice were hemizygous or homozygous for either the HCo7 or the HCo12 transgene.
The CMD mutation is described above in Example 1. The generation of (HC012)15087
mice is described in Example 2. The JKD mutation (Chen et al. 1993, EMBO J. 12:
811-820) and the (KC05)9272 (Fishwild et al. 1996, Nature Biotechnology 14: 845-
851) and (HC07)11952 mice, are described in US patent Nos: 5,770,429 and 5,545,806
25 (Lonberg & Kay, 6/23/98).
The immunization schedule used is listed in Table 3 below. Mice were
immunized twice with A 431 cells followed by soluble antigen in Ribi Adjuvant. The
EGFR specific serum titer was determined by ELISA after the third immunization.
Three different immunizations were done for the final boosts before the fusion. These

30 included two or three sequential intravenous (iv) boosts via the tail vein with 10 pg of

antigen in 50 pl PBS or two sequential intraperitoneal (i.p.) boosts with 25 pg soluble



129 x BL6 F1 153 +/+ JHD <0. 002 JHD/ JHD WO 02/ 100348 PCT/ US02/ 18748
Table 2 shows the levels of serumlIgM detected by ELI SA,
bot h t he wGvwD1@ae8 JHD nut ati ons (CMVD/ JHD),
(+/ JHD),
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20242 pX10°  |IX10" |0 25pg {4050 25pg  |ug*

31iv x10

20243  X10° 1X10"7 W50 |25ug |12150 |ug*

* EGFR in PBS (10 pg) iv on days -4, -3, and -2

** EGFR in PBS (10 pg) iv on day -4, and -3

*** EGFR in Ribi (25 pg) i.p. on day -4 and -3

Immunization strategy used for the first two injections, 2-10 x10° live

A431 cells i.p., resulted in poor anti-EGFR titers (see Table 2). However, when these

mice were given a third immunization with 25 pg/mouse of soluble EGFR in Ribi

10

adjuvant, serum titers increased more than 30 fold. These results clearly demonstrate

that cells expressing a large amount of EGFR on the cell surface are very effective at

initiating a primary immune response that then was greatly enhanced with only one dose

of purified antigen in adjuvant.

15
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twice with A 431 cells fol|P8%fd b95solut?e anti&en in R bi Adj uvant. The
EGFR specific serumtiter ?@?ﬁdﬁfﬁluiub by ELHSe—aft the—tihird

i mmuni zation. Three differeﬁt i nmuni zat|i ons wgre dong for the final boosts

bef ore the fusion.

Example 4

15

These

Hybridoma Preparation

The P3 X63 ag8.653 myeloma cell line (ATCC CRL 1580, lot F-15183)

was used for the fusions. The original ATCC vial was thawed and expanded in culture.

A seed stock of frozen vials was prepared from this expansion. A fresh vial of cells was

thawed one to two weeks before the fusions.
High Glucose DMEM (Mediatech, Cellgro # 10013) containing 10%
FBS, Pennicillin-Streptomycin (Sigma, P-7539j, and 5.5 x10°M 2-mercaptoethanol
(GibcoBRL, 21985-023) was used to culture A431 cells and myeloma cells. Additional

20

media supplements were added to the Hybridoma growth media, which included: 3%
Origin -Hybridoma Cloning Factor (Igen, 21001), OPI supplement (Sigma, O-5003), 1.1

25

x10” M Oxalo acetic acid, 4.5 x10™* M sodium Pyruvate, and 24 international units/L

bovine Insulin, HAT (Sigma, H 0262) 1.0 x10* M Hypoxanthine, 4.0 x10” M



30 included two or three sequential intravenous (iv) boosts via the tail
vein with 10 .tg of antigen in 50 pl PBS or two sequential intraperitoneal
(i.p.) bowetwg/10d3sh 25 g sol uble WO 02/100348 PCT/ US02/ 18748T/GS8H1EG-R i n
Ri bi adjuvant (see Table 3). The three mce that were used in the fusion
were part of a larger cohort of mce thgg.included both HCo7 and HCo 12
genotypes. | muni zati on Schedule: Table 3 5 LISA GFR LISA GFR A431 in

?bbéfgé oy Aringgels, S 52‘3 Thy it Y (el o 18) 08 WILES 6728 pg
050 25 g’H‘y*poxamhmé,Cl QRUP M(mslymaa 0 25 g 050 25 g g* 3 iv x| O 0243
X106 1X10 50 25 g 121 in. PBS (1 3, and -2
** EGFR in PBS (10 g) %}919%6@8%5? 5 boxjg semt &l%oééiﬁ%ﬁﬁﬁzl(% i . p.
on day -4 a'AQ%H@&l'I&%WéE‘bB@MeIH”ﬁo%{ H%l@ﬂé’ L! g%j Ui, $88ml Fres eliithh éd?haﬁﬁéd O”S

2-10 x106 live Fesul'ted I'n poor anti-EGFR titers (see
Tabl e 2).5 HOMEM, ﬁnmemﬂd@é%memap@evhanel aplyen a third i muni zation w t h 25

g/ nouse of soluble E i n Ri bi adj.uvant, serumtiters. reas

Phan 30 fol d. These r SoFPSemalitfis® it R marEa irize “BLPI L ERR 26) O

| arge anmoungo 0% 1 BGhiRn6vytdshahe 8plensytdsage Alsed.very effective at initi at| ng
a primary imune response that then was greatly enhanced with only one dose

of purified antigen i dhadjiualdidtISAlsregighuneadsd waribodes vagpearsormegdy -

10 days post fusion. Human IgG, « positive wells were screened on soluble EGFR

10 coated ELISA plates. Antigen positive hybridomas were transferred to 24 well plates
and eventually to tissue culture flasks. EGFR specific hybridomas were subcloned by
limiting dilution to assure monoclonality. Antigen positive hybridomas were preserved
at several stages in the development process by freezing cells in DMEM 10% FBS plus
10% DMSO (Sigma, D2650) or in Origen Freeze Medium (Igen, # 210002). Cells were

15 stored at -80° C or in LN,.

Initial EGFR specific hybridomas were subsequently evaluated for
epitope specificity and their ability to block the binding of EGF to the EGFR receptor.
Mouse monoclonal anti-EGFR antibodies 225 and 528 have previously been shown to
bind to EGFR, block binding of EGF to EGFR and to be anti-cancer immunotherapeutic

20 agents in animal and human studies. Therefore these antibodies were used, in addition
to a non-blocking antibody, in a competitive ELISA format to identify human antibodies

that have immunotherapeutic characteristics.

ExampleS  Binding Affinity
25
Binding affinity for hybridoma 2F8 was determined using BIAcore 3000
(Biacore, Upsula, Sweden). EGFR purified from A431 cells purchased from Sigma was
immobilized on a CMS5 chip according to the manufacturer's instructions. Antibody 2F8
had an equilibrium association constant (K,) of 5.47 (£ 0.52) x 103 M.
30



The final boost before fusion for nouse 20243 was done as i.v. tail vein
boosts with 10 g soluble EGFR in PBS on days -4, -3, and -2. The Triton
X-100 i n wba2/1ecksibl e EGFR caused an irritation to the taiPcTafSot/s48ouse.
Therefore, to reduce the possibility of irritation, nouse 20242 received
only two i.v. vein boosts w th sol uble 53FGFR on days -4 and-3, and nouse
20241 received tvvo i.p. imunizations on days -4 and -3 with 25 g EGFR in

Ri bi adj uva th in 46 human y, x- antigen
positive hy@ﬁ f'ﬁl(?n%g (stﬁe ‘Ilekjlbflvg%j')lg“al\‘}tggsEl 20241 al one, which received the
i.p. boosts with adjuvant, produced 35 antigen specific Human Gamma Kappa

anti bodi es. 10 Table 4 20243 120 14 13 1 20242 35 2.2 0 20241 * 30 28 2
Exanpl e 4 Hybri dona PF@WF%&‘Y%@L@ ey sPEersesdagdhemishaunliirne sy a5i ne

ATCC CRL 1 I CcC
( 365k s ar |t gé:n %oin de | n Cu \%Qe eggabﬁsh%d dﬂr’ﬂ %E pla]:{_&e IR Ergérﬁla AT

vial was thawe ture. seed stoc froZen vials was
prepar ed 5 r@nnmrtg'nosnmpam(sét(bmom ihdiestes thathn mitlbody bmdmm:;thetshmwepitam@rtt«» t wo

weeks before the i ons h 3 ucose DI\/EM |l gro # 10013
i ot o SE9BOTEBEihe BRI £ ISR PTBY B M Asbaty ke g & 200tY
x10- 5M 2- m%&ﬂﬁétftw@m&k tha(n@(}bﬁﬁﬁﬁlates%;a?% e%%a)dm ies@fhfefitdt biddube A431

cells and nyeloma cells. Additional nedia suppl'enents were added to the
Hybri doma gregirs afghl antige hethinichist prienit@odnit jagdapis wekegtond ovith sSChematagts

Fact or (Ige 210 pl e 0; 5003 5 x10"3 M (xal o
ncet i scrdrogt et nbaGBR BT wiich AR GimRtk then s iRt it el
bovi ne |1’I5U|1Jaﬂ:r addiyfs Welle@idBe wWith@dbddneb .o theldtiddl MepoX Riplubdsneand4: s@lowl((ﬂlg M VO
02/ 100348 PCT/ USQ2/ 18748 -86 Ami nopterin, 1.6 x10 -5 M Thym di ne, HT

(Sigma, HO137p in Figuke baad Rpreryisogechbasehen dagree Q(fl@mPEUN‘PITW iMARe25) that
Ch
aracteri Z%gen:fﬁftﬁ Srr%lgg\éflrl" gulﬁﬁrr: %{B &xﬁ't_% 50 le:hll#__or t1es¢f:§n ﬁg ﬁijegﬁﬁgd ﬁlnglaé\@fsgll\l/?é?\/l was

obt ai ned from erum Free nedi um cont al ne
anti bi ot i cs sifithr 3r 1dEEf1MBpmgiebammle 206lapd 528 antibodies. Also evident in this

experiment is the different distribution in competitive binding patterns of antibodies

15 derived from mouse 20241 or from mouse 20242 and 20243. For example, the first
seven antibodies from the #20241 mouse (Figure 1) compete strongly with both MAb
225 and 528. The remainder of the antibodies from 20241 competed moderately or
weakly with the 225 and 528 antibodies. Five antibodies (1H6, 2F8, 1A8, 5C5, and
8E1) from the 20242 and 20243 mice showed strong competition with antibody 225 and

20 no competition or weak competition from MAD 528 (Figure 2). Antibodies 2F6, 8A12,
5F12, 6B3, and 6D9 from mouse 20242 and 20243 competed with both MAb 225 and
528, although the competition was stronger against the 225 antibody. Other antibodies
from these mice did not compete or were weakly competitive with the commercial
MAbs.

25 These initial competitive ELISA results were verified with purified
antibodies produced by sub-cloned cells. Figures 3 and 4 show that antibodies 5F12 and
6B3 compete strongly with both MAb 225 and 528 and also demonstrate reciprocal
competition with each other. This data indicate that these antibodies bind to the same
epitope or to a region of the EGFR molecule in close proximity to the 225 or 528

30 binding site. Antibody 2F8 competes moderately with MAb 225 and does not
significantly compete with antibody 528 (Figures 3 and 4). However, antibody 2F8,
6B3 and 5F12 show strong cross competition. This data suggests that antibody 2F8 is



Spleens fromall three mice were normal in size and yielded from2x107 to
| x 108 spl enocytes. The splenocytes were fused. The initial ELISA screen
for humarwbg@1603at | bodi es was performed 7- 10 days post fasiusn2igddsran | gG
X positive wells were screened on sol ubl e EGFR 10 coated ELI SA pl ates.
Antigen positive hybridomas were transfegged to 24 well plates and
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receptor. Mbuse nmonoclonal anti-EGFR antibodi es 225 and 528 have

previ ouslPy Been shown to bind to EGFR, block binding of EGF to EGFR and to
be anti-cancer i nmunotherapeutic 20 agents in animal and human studies.
Therefore these anti bodies were used, in addition to a non-bl ocking

anti body, i Examphépet BEGMEGHR BhckiigM®ésayo i dentify human antibodies that
have i nmunot herapeuti c characteristics. anple 5 Binding Affinity 25
Binding affinity for hybridoma 2F8 was determ ned using Bl Acore 3000

(8 acore, Upsula, Swedesl., FFRAUBLLARLLEARAI S R gRased Trom

Sigma was immobilized o accordin act urer's
instr uctliOonblocmglabsagly PhSe abvads mlluaqd:sdhchmesmfm@odneathaoemﬁpmstt&mglx KA) of
5.47 ( 0.52) .x 10 8/V\D02/10 348 PCT/US 2/ 18748 -87 Exanple 6
Conpet i ti ve“HMA /S’ééév ottt @t et v apfipagies Ta%f%“(ﬁélférﬁ%‘b‘&f’f%&e“t“ﬁ%“il‘ilﬂtlal

qual i fying Q?%b’sﬁ s@&%nmﬁ%oa&gm%ﬂe@%ﬁmM%uiwarmmﬁﬁ%n ﬁﬁﬁ?’(ﬁ%ﬁb' i shed

in 24 well ates. | n general stro conpetition (80-10 cates
t hat an ant ptmdy Aoechrdmatographg. E@UB:SédeMOwrthatmnuhOdlesﬁEﬁa 5512talné 683t i gen

! 255, P S A okac e SOTRELLESROL Py Vel SRRl con,of | o
15 blockers of EGF binding to EGFR. This is evident in assays done in ELISA format or
by FACS on human A431 epidermoid cancer cells. In both assays, the human
antibodies were as good as or better than MAb 225. Antibodies 2F8, SF12, 6B3, and
6E9 also have similar binding characteristics on the surface of A431 cells (Figure 7).
The in vitro EGF/EGFR blocking and ELISA competition studies
20 demonstrated that the 2F8, 5F12, and 6B3 antibodies have similar properties to other
anti-EGFR murine and human antibodies that have been shown to be
immunotherapeutic agents (Sato, et al. (1983) Mol. Biol. Med. 511-529; Gill, et al.
(1984) J. of Biol. Chem. 259(12):7755-7760). The 2F8 antibody was equivalent to or
better than the 6B3 and 5F12 antibodies overall in the various evaluations.
25
Example 8 Inhibition of EGF/TGF-a Binding to the EGF Receptor Using
Human Monoclonal Antibodies to the EGF Receptor

Inhibition studies were performed on A431 cells using flow cytometry,
30 ELISA, and inhibition of ligand-induced autophosphorylation. Murine MAbs 225 or
525 were used as positive controls. An irrelevant human IgG isotype control, was used

as an isotype control. A single human antibody, 2F8, was chosen for all the further



regions of the antigen not in close proximty. Initial assays were done
with supernatants from uncloned hybri domas many of which contai ned nore

t han one Ww@briiciose per well. 10 Later assays were done w PoTalsbrisomes of
the original wells. Figures 1 and 2 show (the data in Figure 1 and 2 are
arranged based on degree of conpetition-goth MAb 225) that even with crude
cell culture supernatants, antibodies can be identified that bind to
simlar or [ dgdiues dent
o1 O SRS s RADRARES 3 GRS ORB Al aehpcer
patterns of tieEGDobthickmgkapabétyiof @88 i  tormensaich0Rpdndent xfnammrnoﬂgmcﬂﬁlzai and
20243. For apple, the first  _seven nt| bodi.es fr t he #20241 nouse
(Figure 1) g’fﬂ?gg‘i’ g’esS?WSﬁ@ﬁe?tW“tI%&‘Bg’ﬂ Merarsey o ffssdessthe remmi nder of
the antibodies from 2@ Vl;g}qg[,ﬁytcg} Q bEY iMuhbhit & e%?l and
528 anti bodi es. Five an bod| es ?%6 2F8, f apacis Cg%&?and1 8E1l 1

20242 and Zﬁkﬂﬂb’itsrﬂuebmslhrgvxﬁcE(sﬁ aiwhGE-@moei43 i mﬂs(wdllb derivddofoaty aﬁBSanmd 20 no
conpetition or weak coppetition from MAb 528 (Fi Ant i bodi es 2F6,
8A12, 5F12EPigpmold GRreusmaang FrAGHSE e568 9 émlcP ig“fzg&nw esen gt tellbot h MAb

225 and 528urritel NOUSRSDEE mnmﬁ&'n%'tcpﬂﬁ"?éelisst\ffa%rlﬁ?ernnm'u@ﬁlg ffoo?\e Vé@éeter

antibody. Qther antibodies fromthese mce not conpet re weakly
conpet i ti veamalydis.t Gellsowenpreinehibatédwith eber Bhepen bars) oradl0 (eompelastd bersEL | SA
results were verifjed vvlth urlfled fan@ od| s produced by sub-cl oned

p

cel I's. Fi gurigandbeforg add @H&\f/ t Bipdiggp tz‘lgéﬁ ® %%Sr%hﬂéﬁ e strongly
wi th botfy MjDg; %@fﬁqﬁ% e AlsiiRs ﬂﬁﬁ?ﬂa%&%@gg@% cﬂfs@?@é)r aC@APRGhHE kikOn Wi th

each ot her. ta indicate that t ant i les bind to the sanmg

epi t ope or DoEé}HIbgﬂthnhgandshe EGFR nol ecule in close proximty to the 225
or 528 30 binding site. Antibody 2F8 conpetes noderately with MAb 225 and
does not significantly conpete with anti body 528 (Figures 3 and 4).

However, antgxafiie €F8 InhiBR e nhid2CEN AWtiS hfi N Usifgd3eman M dcldrial. Thi s
dat a suggests that antibody 2F8 is WO 02/100348 PCI/US02/ 18748 -88 binding

to a separate epitopeAntibedidsgo drsE@HR@2Btoant i bodi es and binds to a region
of the R receptor that is adjacent to or overlaps with the epitope to
whi ch Hu s 6B3 and 5F 12 bind. Antibodies 2A2 and 6E9 do not conpete
with either MAb and biTe@valuatehdibikEiof QP8 so el @b ctlDadtivatibi, sk ¢Tecsi t es

of the 225 %P gFSS(%I? EGF- t?lgfgé:rle lcj:él(lal;slar?’re%%gses?su% as activation of the intrinsic tyrosine

kinase activity and concomitant cell proliferation, was examined. One of the first events
after EGF or TGF-a binding to the EGFR is the induction of autophosphorylation of the

20 receptor. Incubation of EGF with A431 cells results in tyrosine phosphorylation of the
EGFR (M, 170,000) (Figure 10A). While 2F8 did not activate the receptor kinase
activity by itself, the antibody blocked EGF-triggered EGFR tyrosine phosphorylation in
a dose-dependent manner with a complete inhibition at a concentration of 16.6 nM
(antibody:EGF molar ratio, 20:1, Figure 10A). Cells were treated with antibody and

25 TGF-a showed that tyrosine phosphorylation was fully blocked by 2F8 at a
concentration of 66 nM (antibody: TGF-a molar ratio, 7,3:1, Figure 10B).

Engagement of EGF/TGF-a with the receptor results in cell activation
which is reflected in cell proliferation. Therefore the inhibitory effect of 2F8 on growth
of tumor cells (A431, MDA-MD-468 and HNS cells) was evaluated. The experiments

30 were carried out in the absence of exogenous EGF. Mouse antibodies were used as a
comparison. Humax-EGFR inhibited the growth of A431 cells in a concentration

dependent manner with a maximal inhibition of 50%, a level similar to that obtained



Exanpl e 7 EG-/ EGFR Bl ocki ng Assays Antigen positive subclones were further
eval uated in EG-/ EGFR 10 bl ocki ng assays. These assays i ncl uded subcl ones
of anti boso®z/10d388 conpete strongly wth MAb 225 and/ or P2®/Usaxismes | as,
anti bodi es that are weak or non conpetitive with 225 or 528. Several

anti bodi es were expanded in culture nediggn and purified by protein A
chronatography Figures 5 and 6 show that antibodies 2F8, 51712, and 6B3,

whi ch are rrf%lﬁeé.ﬁt @é‘&%@ ( &%eltdg.t Eg@&_%ﬁﬁﬁn% }%Hénbt%%é’t dtnELIPA are
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EGF/ EGFR bl ocki ng and ELT SA conpetition studi és 20 denonstrated that the

2F8, 5F13, stixdulaBan amt uhbs')d) iabibitavecaneEGE T EF -op@dudedsumor aflheetivatamt | - EGFR
murine and human anti bodi es that have been shown to be inmunotherapeutic
agents (Sato, et al. (1983) Mdl. Biol. Med. 511-529; GIIl, et al. (1984)

J. of Biol. gCheme #POHitan’ Vimodb6GM Andbsaicd® tﬁ@tlﬂ(fl@ﬁ)écéﬁﬁ&ﬁﬂ}iidQIﬁf‘é to or

better than the 6B3 and 5F12 anti bodi es over al in the various eval uati ons.
25 Exanple 8 Inhibition of EGF/ TG a Bi ndi ng to t he EGF Receptor Usi ng

Human Monocl onal Anti ies to.the EGF R tor Inhibition,studi es were
performed on A431 cel F@ﬂtj(g?sr?gpqt? Wmsﬁﬁ@me%ﬂém@&g §ﬂ§ i bition of
|'i gand- ijpdue@dg@ube BhRsRAQENY Byt ARibodivbir THevAYMNS the2BilRY of maﬂva sgRdo as
positive controls. An irrelevant human | G i SOtWﬁ; contraq was used as an
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further WO @ i.s al so
referred to ﬁ! g&%qglf@ét%s%é%ﬁ% nﬁl 5%%’%%8 (PMN)S ?‘%m@&% Ocki ng
capaci ty of inthBatioh, ehromhae fdléat was nttapeadient s}nmnﬂmrFlgﬁEMamB 3R AFblddfock to
the same extent. while the bl ockin of ECE.is gure 9

capacity | es
further shoWlueig AHPGE @gwgstc%‘b%&e% uging Ewaalil MMy a¢F§ 1s capah ?%?féﬁﬁdleﬁmgs
I nhibitgs th?gﬁb %Qd grgls%@ﬁs%%tgﬁaﬁll tae e, GRldhSs ilgg‘ﬁlexl t%ex@'@ﬁée}‘\%ﬁ PPm an
ovarian epi rcinonma an expres in éxcess of  1Ix106 EGFR nol ecul es
on t heir cethe MAb 425 (Figure 14).
Importantly, while capable of recruiting immune effector cells and

inducing ADCC, 2F8 is unable to induce complement-mediated lysis of tumor cells.

20 Example 11 Human Monoclonal Antibodies to the EGF Receptor Prevent

Tumor Formation

To show the ability of HuMAb 2F8 to prevent tumor formation in an

athymic murine model, groups of six (6) mice were injected subcutaneously in the flank

25  with 3 x 10° tumor cells in 200 ul PBS at day zero (0). Subsequently, mice were
injected i.p. on days 1 (75 pg/200 pl), 3 (25 pug/200 pl), and 5 (25 pg/200 pl) (arrows)
with either HuMADb 2F8 (closed squares) i.p. of human IgG1-k MAD as a control (open
circles) (Figure 14). The data are presented as mean tumor volume + SEM, and are
representative of 3 individual experiments, yielding similar results.

30 Eradication of established A431 tumor xenografts by HuMAb 2F8 in
comparison to m225 is shown in Figure 14. Mice were injected subcutaneously in the

flank with 3x10° tumor cells in 200 pl PBS on day zero (0). At day 10, mice were



surface). Inhibition of 2F8-binding to A431 cells was determ ned using flow
cytoneter analysis. Cells were pre-incubated with either 5 (open bars) or
50 .ig/ mMwpakasemsds bars) |igand before addi ng 2F8. Bi ndi ngcafusanis7body

wi t hout ligand (PBS group) was 10 designated as 100% These results
indicate that 2F8 binds close to, or at_.yphe sane site, on EGFR as the
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cel lular reapo0ses), asd ¢6(BSuALH( M?Kérﬂﬁvs?fwii}ﬂ@uMWbrjP%S(bléséd’iq‘ﬂﬁﬂeﬁ,ezwki nase

activity and concomtant cell proliferation, was exam ned. One of the first
events af t ehorE@Emppr FFmeurive pdiiEHRD MAte m2ef elpsedithanglesdm@2 $ shorbferm).

aut ophosphoryl ati on of the 20. receptor.. .| bat | f i th 31 cells
Fosulta | n EyBuTREe. GBS Rery insie g vin> eeetd ENPINAS 00 T gt 108
Wil e 2F§& di . To g { LRSS oy it ) I he
anti body%bl (l)g’kéea)ghllli%@-l%)i/zigggge/?%“{E%%%%@%Foé;?rne ph%sphor §1 g6t’iqg’n22|t’ %G’ jag’ 3%,

dose- dependa8éatandatdnepenigubres, 2@riphgeteemt opanttriangles, at228 logneean). r Bid data ak 16. 6
nM (antibody: EGF nol ar ratio, 20:1 igure |0A). Cells re treated with
ant i body anHyeﬁg“tW’&e%rhWB V?W&FT%@S%W&”S%%%??HWI"&W &?f’q}\)ﬁé‘ﬁul ly

bl ocked by ehstrittents, yeRIAE QiR RO BI6E AN WSRHIcRRINatnlHrddy sl #e rati o,
7,3:1, Figure 10B). "Engagenent of EGF/ TG--a with the receptor results in
cel | acti vashahtamhitedatrentrapeh evped indicatetréatpent] day e fattholeng-Trar tedapmentt he
inhibitory effect of 2F8 on growh of tunor cells (A43 1, MDA-MD 468 and

HN5 cel | was eval uated. The experinments 30 were carried out in the
absence of genaits EG-. Mouse anti bodi es were used as a conpari son.
Humax- EGFR i ngl bited the growmh of A431 cells in a concentration dependent

manner with a maxi mal Thase skillgddn therarggil regognazee pr by #hle Ky aseertaimysingpe ai ned

WO 02/ 100348 P = 90 Wi [ i The
control ant ?‘}%dy aﬁgg'ﬁ{nng)e%gﬁ %lené?g%}lowf h@“ggwsalg% P?@g?ég%%éo%&?h‘?g{ﬁ%%ﬁfhe

G owt h i nhi nvehtioh dessribddsiereibt Suctedjuivaldntd wo iraédded te bt bndonpassed dy tise m | ar
| evel s (HNS alg)d .MDA- MB468, panels B and Q As no exogenous EGF was added
to the cilt fROWipgEldENt syl ts indicate the ability of 2F8 to bl ock
autocrine 5 stinulation and thus to inhibit autocrine EGF/ TG a i nduced

tunor cell activation.
Incorporation by Reference

All patents, pending patent applications and other publications cited

herein are hereby incorporated by reference in their entirety.



Exanpl e 10 Hurman Monocl onal Anti bodies to the EGF Receptor |nduce ADCC
ADCC is a potent immune effector nmechanismtriggered by the 10 recognition
of tunor welokAaodsys anti bodi es. To evaluate the ability of mamarsoPMd4gel s to
kill A431 cells in the presence of 2F8, A431 cells were |oaded with 5 Cr
and subsequently incubated with anti bodgyand effector cells (PW)
overnight. After incubation, chrom umrel ease was neasured. As shown in
Figure 14, wgcf.a capabl e of inducing ADCC agai nst A431 cells using human
PWN. 2F8 is%a—pa—%’}e of nmediating 15 PM\-induced lysis of 45% of the A431
target cells, which is higher then observed with the MAb 425 (Figure 14).

| nportantly, while capable of recruiting i ne effector cells and

i nduci ng ADCC, 2F8 isqunabIAé‘1§(HatFﬂg‘H’@én€&‘Fﬁ%ﬂ§ﬁPt-‘ i”&lﬂlélélgm;‘f‘%?‘g}“ﬁ?a”c unor
cells. 20 Exgml {4 j e r
Prevent Tunor I'—‘c‘f?ﬂ r?a}%?g}r%r@gbs ng?g@@%& it%l ggﬁugﬁﬁ;ﬁnﬁ%th%eﬁ’sﬁgol’ggg‘v%? t unor
formati ord i hgldnlgGa, hyddgD antitiodesnodel , groups of six (6) nice were injected
subcut aneously in the flank 25 with 3 x 106 tunor cells in 200 | PBS at
day zero (0). Subsequently, mce were injected i.p. on days 1 (75 g/200 1),
3 (25 g/200 1), and 52(25 ahe0Qiddd Kthdromenoclomat Bhimbiotief It RESin(tA¢ 0sed
squares) i.p. of human Ig3@ -x MAb as a control (open circles) (Figure
14) . The daeatibady ippetalnt dibady.mrean tunmor volune + SEM and are
representative of 3 individual experinents, yielding simlar results. 30
Eradi cati on of established A431 tunor xenografts by HuMAb 2F8 in

conpari s@n to n225 i s 3showThe Ruinkg biteboli4 of Malie 1\Wehé&relnthe ahtebds ktgbitaaneous! y
inthe flank with 3x106 tunor cells in 200 | PBS on day zero (0). At day
10, nice wek&hRdigadipetngtodmmandigziRe748 -91 randonly allocated to
treatnment groups and treated on days 12 (75 g/200 1), 14 (25 g¢g/200 1), and
16 (25 g/200 |I) (arrows) with HuMAb 2F8 (cl osed squares, 2F8 short-term
or with nurine anti-E@R Mhe hi2isn actitede df thaimn giveereinnB 5 GitiRoligant] és BHF

Furt her nore, %roups were included receiving 75 g/200 | HuMAb 2F8 or nR25 on
day 5 12, cOhffhoed by 25 g/200 1 HuMAb 2F8 or n225 on days 14, 16, 19, 22,
26, 29, &3, 36, and 40 (open squares, 2F8 long-term open triangles, n225
|l ong-term. The data are presented as nean tunor volume + SEM and are
representative of 3 inddivi dhahuman antibody of claim 1, wherein the antibody binds to

human EGFR with an equilibrium association constant (K,) of at least about 10 M.

6. The human antibody of claim 1, wherein the antibody binds to

20 human EGFR with an equilibrium association constant (K4) of at least about 10° M.

7. The human antibody of claim 1, wherein the antibody blocks
EGFR ligand binding to human EGFR by at least about 50%.

25 8. The human antibody of claim 2, comprising a variable region

from an IgG1 heavy chain and a variable region from a kappa light chain.

9. The human antibody of claim 1 encoded by human heavy chain
and human kappa light chain nucleic acids comprising nucleotide sequences in their
30 variable regions as set forth in SEQ ID NO:1 and SEQ ID NO:3, respectively, and

conservative sequence modifications thereof.



experinments, yielding simlar results. Black arrows indicate treatnent days
for the short-termtreatnent, open arrows indicate treatnent days for the
| ong-t er 'woroeadosent . 10 Equi val ents Those skilled in thepramtuses/id748
recogni ze, or be able to ascertain using no nore than routine
experinmentation, many equival ents of thegyspecific enbodi nrents of the

i nvention described herein. Such equivalents are intended to be enconpassed

D o1 et ot o, U Tt KB B iy ok enpnes Moty

pendi ng patent applications an Ications Cite
i ncor por at etightychaiafvarieble eedionst Widch cenpiiseahy amio 4221 Q0818 BﬁWrUS(BHQHI48

-92- W cla t ed hunan nonocl onal .anti bod h bin

o EcrrNGR 8 SRQRONGHE Fesatg e Bal bR R i st U ERE PRy of
lg@, IgA IgE, 5 1gM I1g&4, and 1 gD anti bodies. 2. The i sol ated human
nonocl onal anti body of claim1l, wherein the antibody is an g3 antibody.
10 3. Thé human anti bbby oAndsdated humahmoapeiondl entbrdybeidgh binds i the EGFR

| i gand bi ndi n Th n anti body of claim1l, wherein the
EGFR | i gand P! pﬁ@%@?@gbﬁ@ug gﬁ#gﬁurmn antibody of claim1, wherein
t he anti body binds to human EGFR with an equilibrium association constant

(KA) of at |east about 108 M 1. . The human anti body of claim 1, wherein
the antibody binds tol20 h&ﬁﬂwlf&@ﬂww mogecleralianiibndywhigls Baschebinding

const ant (Kﬁﬂmggtg%élﬁggf%gwggyzf&loq M1 7. _The human anti body of claiml,

wherein the an R ligand binding to human EGFR by at | east
about 50% 25 8. The hunan antibody of claim2, conprising a variable
region froman I Glheav ain an ri abl e egi on froma kappa |ight
Chgi n. g )fh pluman antidbogy o? claim 1, w{leremt e antibody doesprPot g

activate complement.

14. The human antibody of claim 1, which binds to EGFR with an
15 affinity association constant (K,) of at least about 108 M-1.

15. The human antibody of claim 1, which binds to EGFR and
inhibits EGF or TGF-a induced autophosphorylation of EGFR.

20 16. The human antibody of claim 1, which binds to and inhibits
growth of cells expressing EGFR.

17.  The human antibody of claim 16, wherein the cell is a tumor cell
selected from the group consisting of a bladder cell, a breast cell, a colon cell, a kidney
25 cell, an ovarian cell, a prostate cell, a renal cell, a squamous cell, and a non-small lung

cell.

18.  The human antibody of claim 16, wherein the cell is selected from
the group consisting of a synovial fibroblast cell and a keratinocyte.
30
19.  The human antibody of claim 1, which binds to cells expressing

EGFR and induces lysis (ADCC) of the cells in the presence of human effector cells.



9. The human anti body of claiml encoded by human heavy chain and hunman
kappa |ight chain nucleic acids conprising nucleotide sequences in their

30 vari abWwe cagizems as set forth in SEQ ID NO | and SEQ | PCH@S82/18748
respectively, and conservative sequence nodifications thereof. WO 02/100348
PCT/ US02/ 18748 -93 10. The human anti bogly. of claim 1 having heavy chain
and kappa |ight chain variable regions which conprise the amno acid
sequences shown in SEQID NGO 2 and SEQ I D NO 4, respectively, and
conservative sequence nodifications thereof. 5 11. An isolated hunan
nmonocl onal anti body whd.ch Bhebenamarttbedepf tleme 1 pwhictobirdd ¢d teizatxpresang | body

2F8. 12. An_isol ated human nonocl onal antibody which has the binding
characteri sﬁp@% g\‘“ (g)ﬁﬁ PBUBQ“%COW?%M *F}?Qlafﬁ‘iﬂéﬂs 8’5 88@‘9 of claim1,
wherein the anti body does not activate conplenent. 14. The human anti body

of claim1, which binds to EGFRwith an 15 affinity association constant
(KA) of &t |east abou2l.108Th ibolatedl hufttes antibedy efreddifyoldywhstein theiamtibodywiai ch

binds to EG- n inhibits EG- or TGF-a i nduced autophosphoryl ation of
EGFR 20 16@%%@%&%%%@&%”@%‘% 1, which binds to and inhibits
grow h of cells expressing EGFR. 17. The human anti body of claim 16,

wherein the cell is a tunor cell selected fromthe group consisting of a
bl adder cell, a breas®2.cel The golatddnmeaa| antibedyefdhap I pmduesd) by iy baidamiaan

cell, a_broghhaGehle BUPORCE Hom P MATPHS: £k AR RIR0: 0l | UG

cell. 18. The human an ody 0 arm rein e ce 'S ed from
the group conapsdihg@hoha@h&yheHUiialtrahsdene bhdis hudeh lightwhain tkakgdne fowdtte. 30
19. The human, anti body of claim 1, which binds to cells expressing EGR
and i nducesap jramertalwedesllof the cells in the presence of human effector
cells. WD 02/100348 PCT/ US02/ 18748

23.  The isolated human antibody of claim 1 produced by a
transfectoma comprising nucleic acids encoding a human heavy chain and a human light

15 chain.

24. A hybridoma comprising a B cell obtained from a transgenic non-
human animal having a genome comprising a human heavy chain transgene and a light
chain transgene fused to an immortalized cell, wherein the hybridoma produces a

20 detectable amount of the monoclonal antibody of claim 1, or antigen-binding portion
thereof.

25. A transfectoma comprising nucleic acids encoding a human heavy
chain and a human light chain, wherein the transfectoma produces a detectable amount

25 of the monoclonal antibody of claim 1, or antigen-binding portion thereof.

26.  The transfectoma of claim 25, comprising nucleic acids encoding
a human heavy chain and a human light chain comprising nucleotide sequences in their
variable regions as set forth in SEQ ID NO:1 and SEQ ID NO:3, respectively, or

30 conservative modifications thereof.



-94 20. The human anti body of claim 11, which binds to cells expressing
EGFR, but does not induce conplenent nediated lysis of the cells. 5 21. The
i sol at ed wormnommt i body of claim 1, wherein the antibody PsT/tz02/Fas
fragment or a single chain antibody. 22. The isolated human anti body of
claim1 produced by a hybridoma which jgyludes a B cell obtained froma
transgeni ¢ non- human ani mal having a genone 10 conprising a human heavy
chain transgene and a una i: lized
ol 23 The sl at o hunhrt IS BrbAf LRRR Gl el By 1Rl BOR/ 67

t ransf ect onaamompthtdﬂgthe mmh@gemoaﬁmdammwﬁinﬂgaaaalgamﬁe baapysichahtmand a
human |ight 15 chain bri doma conpr|5|ng a B cell obtained froma
transgenic H%Wychﬁﬁﬁﬁn§ﬁpﬁﬁPdﬁg Ay light s dAGHANEEHBr i si ng a human heavy chain
transgene and a light chain transgene fused to an inmmortalized cel

wherein the hybridoma produces a 20 detectable anmount of the monocl onal

anti body5of claim1, 28. anfimehedbohgiodgrinptitiantibodyhdicéanm. 1 &Bnpriing:
transfectoma co r|S|n nucleic.acidﬁ encodlng%% human heav§{ chain and a

human |ight chai i ARG S FURILIRMAL SRS SR OTE CEIPEBI"E Yanount

25 of the nppged Ii’éh% cﬁﬁh'tﬁﬁ%én@ﬁnc% ﬁhxﬁhn4-11gﬁ’crch§1'ﬂttfaﬂ§g’en@'“ﬂﬂi PGFR®: hicen
thereof. 26. The transfectoma of claim 25, conprising nucleic acids

encodi ng actpuesaingHeGRR, sublathat amboéleharmmowcgﬁtby&@mh of repmislng nucl eot i de

sequences in their ions. as, set forth in SEQID NOI and SEQ ID
NO: 3, respectlveSﬁhn8?%%§H§8ﬂgﬁggg?ﬁvgmnndlf|catlons t hereof . WD 02/ 100348

PCT/ US03)18748 fusﬂig th@B. cells WitAMe@Esthe célRNo faHRimmstdTBly bridbs celpthasses t he
antibody of clai wherein the transgeni ¢ non-human ani mal has a genone
conprisi ng secrainéhe ankibeddy chain transgene and a human |ight chain
transgene. 5 28. A nethod of producing the antibody of claim21 conprising:
i muni zi ng a transgeni ¢ non-human ani mal having a genone conprising a
human heavy chai n trabp$gend Wspdcidichnetaculdé cghprisidgaiha himan agebrelywiftichilsGR or
a cell )
and a binding specificity for a human antigen presenting cell (APC)
15
30. A bispecific molecule comprising the human antibody of claim 1

and a binding specificity for a human Fc receptor.

31.  The bispecific molecule of claim 30, wherein the Fc receptor is a

20 human FcyRI or a human Fca receptor.

32.  The bispecific molecule of claim 30, which binds to the Fc

receptor at a site which is distinct from the immunoglobulin binding site of the receptor.

25 33. A composition comprising the human antibody of claim 1 and a

pharmaceutically acceptable carrier.

34. A composition comprising a combination of two or more human
antibodies or antigen-binding portions thereof according to claim 1, wherein each of said

30 antibodies or antigen-binding portions thereof binds to a distinct epitope of EGFR.



expressi ng EGFR, such that antibodies are produced by B cells of the
animal ; isolating B cells of the animal; and 10 fusing the B cells with
nyel oma cwblog/100346 orm i mortal , hybridoma cells that secrerasohes7asti body.
29. A bispecific nolecule conprising the human anti body of claim1l and a
bi ndi ng specificity for a human anti gen.¢ggesenting cell (APC) 15 30. A

bi specific nol ecul e conprising the human anti body of claim1 and a binding
specificity for a hu FcCar I '!f’tﬁ%i ks e | ai m
30, wherein the Fc rggge]'pt o‘rA @@Eﬁggcﬁéﬁg%ngé@ or Jélhﬁ%dxélﬁ%gnlrg%de%t or.
32. The bi spleendtherapantieapére. of cl ai m 30, which binds to the Fc receptor at
a site which is distinct fromthe i munogl obulin binding site of the
receptor. 25 33. A conposition conprising the human anti body of claim1l
and a pharnaceuti cal by acagrtalingiox¥ & Srisimfthe fumBABRANJdy QR cLAHAT | SiNg a
conmbi nation of two or nore human anti bodi es or antigen-bi nding portions

t her eof &ccbnkkdtg ataytatdit agehf. wherei n each of said 30 antibodies or

anti gen-bi ndi ng portions thereof binds to a distinct epitope of EGFR WO
02/ 100348 PCT/ US02/ 18748 -96 35. A conposition conprising the human

antibody of claim1l apd a AGHheRBd bemasmitid %’oaﬂﬂﬁ@ﬁa ceBCoxpARsihFHGRR, 0Xi N
conprising the human anti body of claim1 | inked to a cytotoxic agent.

37. A net hogomprisipgeesitadting thyy eplltwitlogn effecsive amppnteaf sharptibaprof claighpsidi ng
tacti | i f 0 Aty - i .cl-aj 1
cuchthar PREUE Rl AR CpfiSliby BTN Hniod WheRlH aiaatindty pBIET L\

ant i body10i NEGEHR $gand ®ifdbRolhugand:@ikdi ng t o human EGFR. 38. The net hod of

claim 37, wherein the cell is selected fromthe group consisting of a
bl adder cell, a breast cell, a colon cell, a kidney cell, an ovarian cell,

a prostate cell, a repal cellne ogq)gemﬁgﬁ@h&emﬂh@earg@@ﬂehteb%ﬁhfﬁ@' I, a

synovi al 15 fibroblast cell, an eratinocyte.
group consisting of a bladder cell, a breast cell, a colon cell, a kidney cell, an ovarian

cell, a prostate cell, a renal cell, a squamous cell, a non-small lung cell, a synovial

15 fibroblast cell, and a keratinocyte.

39. A method of inducing cytolysis of a cell expressing EGFR,
comprising contacting a cell expressing EGFR with the antibody of claim 1 in the
presence of an effector cell, such that cytolysis of the cell expressing EGFR occurs.

20

40. The method of claim 39, wherein the cell is selected from the
group consisting of a bladder cell, a breast cell, a colon cell, a kidney cell, an ovarian
cell, a prostate cell, a renal cell, a squamous cell, a non-small lung cell, a synovial
fibroblast cell, and a keratinocyte.

25



39. A nethod of inducing cytolysis of a cell expressing EGFR, conprising
contacting a cell expressing EGFR wth the antibody of claiml in the

presence wb oanowhs ector cell, such that cytolysis of the eerlusexpressi ng

EGFR occurs. 20 40. The nethod of claim 39, wherein the cell is selected
fromthe group consisting of a bladder_ggll, a breast cell, a colon cell,
a kidney cell, an ovarian <cell, a prostate cell, a renal cell, a squanobus

cell, a non-small |ung,cell,, i i L .

keratinocyte. 25 WO 08%1oo§i§9B§%?f§%§%§§%?§£89%§§%%$&§#H%@E%ﬁﬂg% treating
or prevent i BgprassibnsEdNEeF Rdinprieihgdmitixtprieg &i Dsubjdct thefidmaa@fibodsi oTglaim
adm nistering to a subject the human antibqdy of claim. 1 in an anount

ef fective té IR pRamopnt ¢iieativetp tieptormepyenhiigi %ﬁ“&ﬁdéaé%g%?‘eaﬁeﬂz The met hod
of claim4l, wherein the disease is cancer. 43. The nethod of claim4l,
wherein the disease i s an autoi mmune disease. 10 44. The nethod of claim
41, wheréin the human42ant i Bbdnetlwd of chjimgdt wlieremn the Hiseabengcapeci ficity for
a Fc receptor. 45. The nethod of claim4l, wherein the human anti body is
conjugated to a cytotoxin. 15 46. The nethod of claim4l, further

conprising the co-adnygi st gt hthodf chih 8! AREYIN the 8BBRE is 4 autdiffiniRt hod of
claim46, wherein the therapeutic agent is selected 20 fromthe group

consi sting dfseabexor ubi ci n (adrianycin), cisplatin bleonycin sulfate,
carnustine, chloranbucil, and cycl ophospham de hydroxyurea. 48. The net hod
of claim42, wherein the cancer is selected fromthe group consisting of

bl adder 1@ancer, breasu4canthé meGRdoT cRANCR! whiielhn@y haang eitibodyay i an 25
cancer, prostate cancer, renal cancer, and head and neck cancer. 49. The
met hod of crewngds! toipding specficaiydens Ec resoBloves epit hel i al

hyper proliferation.

45.  The method of claim 41, wherein the human antibody is
conjugated to a cytotoxin.
15
46. The method of claim 41, further comprising the co-administration

of a therapeutic agent.

47.  The method of claim 46, wherein the therapeutic agent is selected
20 from the group consisting of doxorubicin (adriamycin), cisplatin bleomycin sulfate,

carmustine, chlorambucil, and cyclophosphamide hydroxyurea.

48. The method of claim 42, wherein the cancer is selected from the
group consisting of bladder cancer, breast cancer, colon cancer, kidney cancer, ovarian

25  cancer, prostate cancer, renal cancer, and head and neck cancer.

49.  The method of claim 43, wherein the disease involves epithelial
hyperproliferation.
30 50.  The method of claim 41, wherein the disease is inflammatory

arthritis.



30 50. The nmethod of claim4l, wherein the disease is inflammtory
arthritis. WO 02/100348 PCT/ US02/ 18748 -98 51. A nethod for detecting the
presence wh 0B@R4@nti gen, or a cell expressing EGFR, i n &cyarspl/es748
conprising: contacting the sanple with the anti body of claim1 under
conditions that allow for formation of.ggconplex between the antibody, or
portion thereof, and EGFR;, and 5 detecting the formation of a conplex. 52.

An expressi on vector ﬁpnpr kéhg@ogfﬂ%{eggﬁ%gl? ﬁ%?ﬁ%ﬁf%(ﬁ%%ﬁﬁ%ﬂ ot &Il

vari abl e region of a lNight arn, heavy c nd heavy
chai ns of aexprassirg BGFRpiadysamipiecdonipriside: EGFR. 10 53. The expressi on vector

of claimb52, further conprisi a .nucl eotide sequence encadi ng the
constant region &PNEctneg Saé'?ig?ﬁ}thﬁ]éeawﬁ’eaépﬁd@tm EBP T cpp HP“Sa_ i Aoty
chains of afé}%ﬁxﬁmﬁaﬂwfm%gml&m&nnﬁémﬁ% , okDoRtbn théteSX RAEESFRAaEC OF

conprising a nucl eotide sequence encodi ng eavy chain and |ight chain

vari abl e 5r egi ons whi CRe@MRIths forlfaBoRBT NeorAsled sequences shown in SEQ ID
NO 2 and SEQ ID NO 4, respectively, and conservative sequence

nodi fications thereof. 20 55. A transfectonma conprising the expression
vector of claim52. 52. Anexpression vector comprising a nucleotide sequence encoding

the variable region of a light chain, heavy chain or both light and heavy chains of a

human antibody which binds EGFR.

10
53.  The expression vector of claim 52, further comprising a
nucleotide sequence encoding the constant region of a light chain, heavy chain or both
light and heavy chains of a human antibody which binds EGFR.
15 54.  An expression vector comprising a nucleotide sequence encoding

heavy chain and light chain variable regions which comprise the amino acid sequences
shown in SEQ ID NO:2 and SEQ ID NO:4, respectively, and conservative sequence

modifications thereof.

20 55. A transfectoma comprising the expression vector of claim 52.



