14 JUL 2005 WO 02/100348 PCT/ US02/18748 -1- HUVAN MONOCLONAL ANTI BODI ES TO
- EPI DERVAL GROMH FACTOR RECEPTOR (EGFR) Rel ated Applications 5 E“ s
-application clains priority to U. S. Provisional Applicati ohé NBL 20

60/ 298, 170 éarloashgon June 13, 2001, which is incorporated hpepaBodiiarigt S
entirety by this reference. Background of the Invention 10 The EGF receptor
(EGFR) is a 170 kDa type 1 transnenbrane nolecule. |Its expression is found
to be upregulated in nany human tunors i ndludi ng carcinoma of the head and
neck, breast, colon, prostate, |lung, and.ovaries. The degree of over-
expression is correl at ed HUMAN MONOCa2ONAToINEIBODRES 8i@®a, et al . (1994)
Phar mac. Therapeut.eﬁﬁﬁ:ﬂl -154; Modjtahedi, et al. (1994) Int. J. Oncol ogy
4:277-296). 15 Furth 12% MAL GROWEH BACGTOR REGERTIORAEEER)ani ed by t he
production of EGFR- ligands, TG-a and EG- anong ot hers, by EG-R- expressing
tumor cells which suggests that an autocrine |oop participates in the

~ progression of these cells (Baselga, et al. (1994) Pharmac. Therapeut.

.64: 127- 154; RelagedApplications 3| - (1994) Int. J. Oncol ogy. 4:277-296).

Bl ocki ng g he i nteractiphs ApAINaAsn s Fidtityth U8 drodidtbria{ABphidagba e 20 can
i nhibit tunmor growth _and survival (Baselga; et al. g19_94) ar nac.
28 fre

Ther apeut . C0ADB2] e orvdsie dF oA, WA incemarivab bjrein indiaairaty,by s

| i gand- bi ndipp@rdeani n of EGFR can bl ock the interaction with EGF and TGF-a
and, concomitantly, the resultant intracellular signaling pathway. Several
muri ne nonocl onal anti bodi es have been 25 generated whi ch achi eve such a

bl ock in vi tBaskgnenndhofthedaventiomen eval uated for their ability to affect

46 55520508 Nasur . Hie HOF FrergA{ERERALS HLKBA NP IRt et
al. (1995) 1l éxBregg%Pgﬁfo#Dﬁg?o b%ﬁprééﬂ%&%@anﬁmmﬁﬁnmg iACIRARE caRmdlpyorf ter

the human tunor , of the anti-EG- s were efficacious In
pfeventing tthmbead3mdineckireast colonapivgtate; lurigs end BearisisgThe degrae of ¢¥994)

Pharmac. Therapeut..64:127-154). L ver, when injected |nt I ce bearing
est abl i shed eﬁﬂﬁﬁﬂo? Eﬁ‘r"cﬂmi"’éﬁ%@réﬂ §F‘%\{é\ﬁé’§%8“%i§r(%ﬁéchmﬁé“€ éi%b“? ]%EQHEMZZSS and
528) caused 1R}abeREBEI12N- 1154 RIod[tBIFAES? 719949 Int. J. Oncology 4:277-296).

15 Furthermore, its expression is frequently accompanied by the production of EGFR-

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  caninhibit 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, eoncomitantly, the resultant
intracellular signaling pathway. Several murine monoclonal antibodies have been

25 generated which achieve such a block in virro 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, ef al. (1984) Cancer Res. 44: 1002-1007; Goldstein, et 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 MAbs {e.g., MAbs 225s and 528) caused only partial tumor regression. Co-
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chenot herapeutic agents was needed to fully eradicate the tum)rs (Basel ga,

et al. (1994éyPharmac Ther apeut. 64: 127-154; Fan et al. Cancer Res.

53: 4322- WHW10838e| ga, et al. (1993) J. Nail. F Uinst P@ S(1231£87481333)
Therefore, while the results obtained to date clear y stabllsh EGFR as a 5
target for immunotherapy, they also show.that nurine antibodies do not
constitute ideaI therapeutic agents. Moreover, treatnment with marine

ti bodi ' i n.pati . T
circunven: R REEL R ERgh b as MR e pegeado MlRerAnBRe (Bt o
i deal | y be f(‘l!ialsét Q%ﬁﬁﬁ(]%)al’l%ﬁac t%ﬁéﬁt %3419791%1 Faﬁ1 er SP ?I@:ai{a?errflie@.n of
the 225 MAb E i n whi ¢ch the nouse “anti body vari aB s 10 are

i nked to htﬁﬁaﬁ322}|4§28;rﬂasegg; arab, (1923 Jbbetl. Gancer bpeds: Wﬂ] da313325 exhi bi t ed

' d ti-t ty the t t t  of tablish ft
¢ L‘m)'r?’irﬁvﬁi vor this HEebimpRihe a0t ?%egté&%;tk&eaé&éﬁ%rﬁxgkogra
1995) d i 1 d
clinical 1r o REim ey *Perﬂ“nbi ey SRP Mo Yl piahel o HEL A RURLURAE "

(2000) J. d thﬂragém gcnt%B M&é&v&%aﬂﬁ@ﬁﬁhﬂl@mlﬂme @BGMesogBﬁeraﬂ}Fng&Q' 11
Suppl 3: 187-19 Accordlngly the need exists for inproved

t her apeut i ¢ sENeichmaivag ra@fapnsm patemR. Vioi aicuaventaheé snmiunegqnmtyr@fanwsg and/ or

preventing di seases el at 0 on of EGFR when ni stered at
Fow dosages.Siatian heregivs e ¥l Br R Futt  KSh e Ao i Bodlt
descri bed abcqmenm&eﬁhcat@tem S%I\m‘%idﬁltﬁ)! @ﬁ@ﬂ@;&ﬁ%ﬂsme% ohd’
many di agnostic and therapeutlc approaches to di seases ave becone even
nor e att t@&ctdre énkgitotlsinvdnt donttant regoasnthaa deandevefopied.c WitleoQ2 Zsexhitstedainl ow
devel opment of fully human anti bod| es. Anti bod and anti hody derivatives
canstitute 1!’%&759‘#9 aﬂ‘?‘v‘@“}@é?@é‘fﬁy 19f ‘TJV%?"B’&PH&CIES diﬁ’PP&fﬁ | tyngredavivo,

devel opnent a CS.
Ant i bodi es ctgll;%m ne afgéhel%%?%ggll I Cl ?sedd}ﬂ‘t‘lﬂ&g’sé f”ﬁ 9%&@?'?(&{“&“? eg??yel y
engage the irpngheCensitinC2Ihis bkmgmvlahtatealrin efinichiesials for oparienes vatidus Hgpes

|l ong biological half-life alerted researchers to the therapeutléoggotentl al

of anti bod| eaf solif tumers {Basedeas §1 (00QN JnChiat Qacalni §:pdSt598; Brsrlga.dn
I f )
%mog} it) @[Itc(ﬁﬁ?ﬁ @83?#&?@%@ vgr728 at’lgl_ bodi es for cancer treatnent. 30

Accordingly, the need exists for improved therapeutic antibodies against
EGFR which are effective at treating and/or 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 (MAb) play a
20 prominent role in many diagnostic and therapeutic approaches to diseases and have
become even more attractive agents with the recent advcnt 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 capacityl 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



Summary of the Invention The present invention provides inproved anti body
“therapeutics for treating and preventing diseases related to expression of
EGFR, particularly EGFR- expressing tunors and autoi nmune di seases. The

ant i bodi es V¥ 8/10¢p#8oved in that they 5 are fully héndh BBef epepesiashgr ei n
as "HuMAbsTM') and, thus, are |less inmunogenic in patients. The anti bodies
are also therapeutically effective (e.g. at preventing growth and/or
function of EGFR- expressi ng cells) at | ower dosages t han previously reported

for other a§ i - EGFR ga Bodl es. In addition, in certain enbodinents, the
anti bodies h it of not activating conplinment (e.g., rmot

i nduci ng conpl enent ne et cells h reduc s adverse
si de-effects during tr(ejgl?én@gf&qj}{lgﬁgfr@fl ﬁé)l Vf%s p@ﬁgd@%%%ﬁéﬂ@pe“t“ﬁ% Pr esent
nvention prawatieg ahd plertmthg disHaBe r@ﬂf&lctb%ﬂﬁilesﬁ!% bPE@'FRS Mcﬁﬁ]?@%ﬁ*l{' cally
bi nd to human epi dermal growth factor receptor g

conposi tions CXBrESHNR Furpors ad svtoimmuonddisedses nThd armlmkhesani inhsrdveasin tHareh
of EGFR ligands, such as 15 E and

ti bodi h | k). bi.ndi
'?’?EFI a_f) Itg o Iﬁggrhu@?g‘rfﬁfb 2 ﬁOhmr%g alﬁfﬂEM#bSIm”@an@L thes, BEHRSCIMWWEenic in
1000 and o S ents < Fhe Bnfeuiet ded o1& therapufioaly s Rve cerd) o plevpiing giowth | O

100% and preéfera resu ts In

signaling. Pmad/es flﬂﬂtlbﬂﬁﬁﬁ(ﬁm—@ﬁﬁ@lslsﬁx‘g &fls)td%‘?o\hé}‘%@%éggllldsr@}k?i'ohslg %)oglreﬁ%lh

and/or nediate the killing (e.g., lysis or phagoc
expr essi ng ECHRr entirBGKR antghodies. [ additiom)in certaih embodamems, tled amiboaies hifeect or

| I |, | yt h d dendrit
ol 19) yei (ROyHIR oRANAE R Ciet 65 taramlanent (o) aPGdyBE Somplemsal mediafadch
expr ess EGFRIysiEoRalenl) BIUIRRIRIHORAIATIAOTLAR Plakle, | TVention can

be used as diagnostic or therapeutic agents 1n I n one
embodi nent_exenpl i fi ed Avgogiingly [inmwan emboiingatt,ake pfeséril@n%hbﬂ‘{:ﬂﬂﬁdé&ﬁscﬂét@d' gGlL

(e g., lgdKk)_ antibodi d heav chain and a kappa i ght
chai n. Howevé‘?" BPFP@PCE’H?? hﬁpwwgége(aﬁ@al typd &bwmslydmgtmh factor

i nvention, Qe Ase D, and
| gE. The anti bogtléggml:kg%g” e&%ﬁgm&ggﬁgn%%m%%g SRE |°§gﬁ°‘5’leg‘|“ﬂ@ Ff‘!fgment s of
the anti bod| est,lqumsl Utherhyntaalantibddiedinkibit (E\S., dI6LkG 'bﬁicfhﬁff EGFHVI%HM% s@@l dsn a
partlcul p’{éf: t he_human_ anti body is encoded by human 719G heavy

1

chai n an 5hu % 4 EGERai ior samplecbinding of EGER ligamigorEGFR ot be
sequences in

NO'S. o 02/ TURS B O SeE R Revie S, dboi 0%, B0%% 5098 or 100%

and preferably results in the prevention of EGFR-mediated cell 31gnaling.

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 celis, 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,, IgG1k) 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, 1gAl, IgA2, IgAsec, IgD, and IgE. The antibodies
can be whole antibodies or antigen-binding fragments of the antibodies, including Fab,
F(ab), 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,



-4 respectively, and conservative sequence nodifications thereof. |In another
- enbodi nent; the human antibody include |gG heavy chain and kappa |ight
chai n vari e re%] ons whi ch conprise the ami no acid sequences shown in SEQ

|
IDNO 2 a §E@q3 respectively, and conslef vk i00% sedfdA542/18748

nodi fications thereof. 5 I n anot her particul ar enbodi nent, the human
anti body corresponds to antibody 2F8 or a#-antibody that binds to the sanme
epitope as (e.g., conpetes with) or has the sane functional binding

charact er! ot iesBedfveibhd0sikerBve SR AARbIARHITS (red an'aUBH ifodifitn®

produced reconbi han In a hos such as a transfectona

transfect orrathednmimtanngoqf includel§@lheaey cKdiOandlidappallight ciaih yandbdeigionscel | s)
cont ai ni ng nucl eic acjds encodi ng the heavy and |i ht chai ns of the

anti body, or %@hmmrﬁé@%nm@@tapyi §eABERCES BT | HRING: 2a0dr 5643 88 NG,

ti bod d B d f t
non. human arfénigcitB dnd & acns%wﬁﬁgéaﬂuﬁfmg@%#&%w B Enore comprising a

human heayy chain trangggngh n?cumtematmahtmemhﬁntahﬁﬁécgﬁ&fre&p&rdse@code
the anti body, fused to an | rtalized cell). In 15 a particul ar” enbodi nent,

the anti bodimmtmdy 2p8 @l as entitmdyahaybindiorthe sadeepitge ap(hgl eompeteswitkBoror by
a host cell % a % cell) transfectona containi ng human heavy chain
and human | |'Eﬁ§t‘ & Fené: EP@@‘%P&I@%‘W"@&%W‘@ %éEBeoti de sequences in

their variable regi On?—lu@i a%hbz) égf 'fhP rﬁ;gtl%lp CM? %Jgfl@%gior%am{lgﬁgﬁfy{] eI y’

and conservative nodi ions ereo n-ano

anti - EGFR ankédeeell,8ackwhs m@ng@msmm{e gl amn&feaanﬁmnﬁgucgr@mmﬁmmddﬂo one
or nore of the follow ng pro%ertles specificity for the EGFR, b) a

bi ndi ng 461 i eglisyordymplErmtioicel )&nm@qung mmlﬁ:lgrmdsgmdmg tba hevvysandright chaps of

I b 107 f bl M1 1 M 1 d
D ef erabl v, ShEantady. oF b oFa Hirkhl omia niodme e b e BRS PRRRBRERG  ane
(KD) from Efe? O\tvhﬁmheluaéa 2B 8dli obfaRicl rfaﬁ;h ¥ ira mc nkfe: lﬁxrﬁanlamﬂiﬁf Rg.,a

pref erably, 5 s-1, and nost preferabl Y, the abi ity to
opsoni ze a c@amsgempmsc;mvﬁmemm@ommslm Ihumgn hcavymhamlttang@mandand/ or

el ?np{‘ﬁgﬁﬁﬁ 2B immerat sseiie BEpnibad) BRI thimpart st Rt

éng lGJrSB)Z 3 8749511103@? emBodiment, the hdtlRdies W F463Q0A343 Aybrilidna3@Rrred to herein

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
(K4) 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 10-3 571, preferably
about 10-4 s-1, more preferably, 10-3 s-1, and most preferably, 106 5-1;
d) the ability to opsonize a cell expressing EGFR; or
¢) 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 pg/m! or less (e.g., in'vitro).

-



-5 Exanpl es of EGFR-expressing tunor cells which can be targeted (e.g., -
opsoni zed) by human anti bodi es of the present invention include, but are not

Timted t Jer, breast, colon, kidney, ovari ostate, renal cell,
squanous 3¥P|“9J‘ﬁ@§§ (non- small cell), or head aﬁwﬁaﬂécz@%turrﬁm&s@%’m& her
EGFR- expressing cells include synovial 5 fibroblast cells and keratinocytes

whi ch can be used, for exanple, as target-6ells in the treatnent of
arthritis and psoriasis, respectively. In another enbodi nent, hunman

anti bodi es of the invergy.gipidaidr . ; | L LA Nl onst ant
of at |east about 108 Mlaf%rmrettgrlg}gﬁ;rg?s;/ﬁé;{dnﬁgggw%glggtr}f'ﬂ%y}ké%dgerﬁmlo

M1, and ar eopsimétsidg by huinanabiibddie of tisarpriesan dhentior tichideNout de phtdnNtad @S| S

and killing el |l s expressi.ng EGFR by hurman effector cells, e.g.,
pol yror phonugiagé L @IaF%g?lﬁ\/k?‘?eyﬂﬁYﬂf@% RSt renat celb sanpsrousget Huag (napso  of

bout | 10- , ' f about 10 g/ | i
SoEre. Y ettndil BeiBF of £ anl B nitndi AAETON EOFHObRERI el ielids Fypaviah, |
EGFR- medi 4t eflbrdldst 6élBradikegtinbeytcSRIR can bt DSeR R RafbRS a§ﬁ?§cil EaGiF%htuﬁGFR

(0) . e

ligand 15 (e.g., EGF or TGF-a) i1nduced autophosphorylation
anti bodi es atre@meahof; arhirisistangd pseriasisprespagrively. TGF- a i nduced cel | activation

huran pol yrmor phonuct eat BB P, TBRIEETiyINshan 2AREIPGES oL eRnY oA 8 AR
others, a blaflfieh vifl dn affinRl @aidar BF bt left GBLAN 08!, nbrk pilENbly G Idast A7
ovarian cell, a prostate cell, .a renal cell, a squanous Cell, L hSR sl |

lung cel |, aabopo16%Mvicall0f ¥ Mdpiraisire caable afiidhibitkar gbivtiomad/st médiataizot her

ant oot A0 BIERR g AR Rl TF EXBRSINE PO Ry e oo inant -
Cventton, i BRI Aoy R o8 n R B3 IR AR R ol

enconpassed %y0t/iel orvssner @a,coasentaion 5f sRIub 00 so0h] srakisngvihe anti bodi es of
the invention by culturing such host cells, e.g., an expression vector
conpri sing a nucl eot i din ¥ @nethereerabedinienty htmen wali balidseof alredi nwentivnanhibitr egi ons

f the h Lgh hal f ti body, 2F8 pr.oduced hy, th Jdoma. In
vet  anot ner  EERR pbddlea o BRofle, Whrsymmile. e APlBeeEand b NG R ligand -
t e i PEGR i ; . | , [ unman
ot 50 PR ppar SR indBedlaudpHobb PRINE o PFR: ' b AR 5T edh TP

are obt ai nednhibdtrawocrinediGienTGFaoindocetedt]iadetivition & 1Y indidcihg BREJADCCYBIUSE,
whi ch has be imuni zed with a purified or enriched preparati on of EG-R
anti gen and/ lg FB@*P§S§£§ﬁ%|§%1Pﬁ@C prgsencespRhuman polymorphonuciear cells. Cells which

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 trgnsfected 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.




WO 02/100348 1 4 Jill 1005 PCT/USO2/ 18748 -6 Preferably, the transgenic
non- hunan animal, e.g., a transgenic nouse, has a genone - conprising a
"human heavy chain transgene and a human |ight chain transgene encoding all
or a port WEhO%H0034§ ant i body of the invention. g 4ih 1205 ed REBESR48Z4%e t hen
i mortalized to provide a source (e.g., a hybrldoma) of human anti - EGFR
anti bodies. 5 Accordingly, the present inyention also provides a hybridom
capabl e of produci ng human nonocl onal anti bodi es of the invention t hat

speci ficall )éPdg#eF%bMﬁh% F gq‘x:%mc néagrh man hﬁsgé/n% %n%ﬂgg hhsp %ﬁe a_B

cell obtain eni fans enlc mouse

having a genQmwhrEfipd hithAWheavhEHER trah@g”éﬂt aﬁﬂalmn{ammgemm &aﬂsfg@naaﬁmldgl ght
chain transgene encodln? all or a portion of an 10 anti bod

i nvention, fallserd pastiamo mmmm!mldypétheoewntlonaﬂﬁlmmlacd By@lhsam@snof t he

I nvention include M ef, anot her, as the i ventlon

{1 ansgen ¢ HEWDHEANIA ROV S SUER (68 Eiﬁaﬂg@@m o B6EE BRedesa 1o
herein asc a "HuMAb"),

specificdlly bind to E&ﬁ.\gﬁ&ngﬁ%ﬁkjﬁ?sc @Q%@%@Hﬁgﬁ? thlygﬁﬁlblﬁé c%ﬁsﬁleen?fc

non- hunan arjirf@cinSh@nin Aa6E0HAl aﬁﬁbt&ﬁemwmvan@@nmspeemny Siri?lgoa human
heavy chain transgene and a human |ight chain transgene encoding all or a

portion of &GER: Imoasembodimsnt, mﬁelmbrldﬁmamu@saﬁ gekhobtainsd-framarragsgenidl  can

be i muni zed W|th UI‘ILI ed or enr.i. &iﬁparat on of EGFR ani, en and/ or
cells expré¥ o ear%%s§enl‘f Wé’uf A PR HIRRH A " e.g.,
the t ransge']ieﬁv%@hz{m%ﬁsgehﬁ aR@R flinen ﬁghﬂ%@ﬂﬂ%xﬁgemrkb@#n auscﬁtaw@orpéfd:humn
nonocl onal antibodies to EGFR (e.g., 1gG I1gA and/or Ig under goi ng
V-D-J rebd nianrubbdymf the cln\resmby,rfasedsiman cmmngtallz@bttqibel)wulmhybgldamﬁs ogthur by,
e.g., classi.cal or. c%€§5| cal isotype swtching. In another aspect, the
present mvéﬁY‘F’B’r‘?“d? ?“?ﬁl met hods for producing 25 human nonocl onal

anti bodi es whi ch speci fdfé‘hhdthéreﬁgéct%é 'ih\k::ﬁﬁ% IORiRE S tRMBAHTER-humbd €

met hod i ncl udes i nmuni zi'ng a transgeni ¢ non-h n animal, e.g., a transgenic
nmouse, havi repimalyeudinas atoamsgéree mguse ﬁatma‘nfehed\tqrhcth as & ‘ﬂhﬂdg@ﬁ)& wimeh a human

oL chal e antaene eneotng oo i3, OTLISD B, A1 AN PO Ol ke
T b LT e e M L T A
cell's that &&mﬂ]ﬁtsmgwhmambmglchmaltraasgenbmdd adiuapailipht che@k-Ransgene encoding
all or a portion of an antibody of the invention. The transgenic 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 mionoclonal afitibodies against EGFR.



WO 02/ 100348 1 4 JUL 200 PCT/ USO2/ 18748 -7 In yet another aspect, human
anti-EGFR anti bodies of the invention are - derivatized, linked to or

CcOo- expressge § V\? h anot her functional nolecul e, e g., another })egtide or
protein (e 492 ¥ ap fragnent). For exanpl e, 0t hlppdy B T/US02/18748

ant i gen- bi nd| ng portion of the invention can be funcgl onal | y linked (e.g.,
by chem cal coupling, genetic 5 fusion, nohcoval ent associ ation or

ot herwi se) to one or nore other nol ecul ar entiti es, such as anot her

antibody (e.g.. 10 Prodice fofle Bl hmdh i @@f Rtlalds O M ihPQHibh aré-

cytoxin, a ceIIuIar | i gand or an antfgen. Accor present |nvent|on

enconpasses derivatzed linked &f or d@f-e)@lﬂftssmd}th@ﬁﬂjhagﬁmeﬁondbmo]m ogl, tlahetheci fic
nol ecul es, and fusion proteins, all of which bind to EGFR expressing cells
and whi ch tap@@tde@méﬁempéean@@ ‘theagmeentind-as exargplegan ontibody or Artiges-tHEBHRS and

t th t]

| gcloudgg a bﬁspegﬁ e 1§§Jmtn nlcf"n Q‘gé‘g"f&?‘gﬁaﬁﬁbﬁﬁ?ﬁwg &%ﬁ?‘e@f%gc%‘{l’ \f!ng,;]%elnctg e
first bingdi nfuskesbddovhledt ds9dciffnRri®bd@wiseito MM marRldthdr Fidtecltriebfds, O
fragnent or m metic thereof), and a second binding specificity for an Fc

receptor, e. $jch ahanathell:myihbdp(eg topradudea wspect fieeareomnoltispenifiaamitiody), 25
antigen on an ant i sen cel | (AP i cal l bi specific and

nul ti speci fi SO%B ‘gﬁ‘{h"i@ ‘5 0 BRASER; &&Cé@mﬁf s@esﬁlyiné’%tf YHECRRES /Y, or
fragment the E | ai n Fv)
preferabl y alra1 n\gﬁﬁggoﬁ%ﬁgc’d}gg% U%orf}mor'?£1 4 MS Eﬁcﬁélg&l%@ﬁ%ﬁsg{h

“humani zed" protdii)dll otﬁlwha?clﬂﬂndl td)E]GFR&lxpm‘ssmgcglls arfthwhigh tarpet oﬂiﬂrmd’lﬁgil&ﬂo or
at | east a conpl ementarity determ ni n% region (CDR), derived froma 20

non- humah? an@?lﬁé@ﬁ;ﬂ(é"l@d‘blﬁ%?qg@f&/ﬁ“@ o pHer makeEASI cpldt i on( s) bei ng huran

mil tspect 11 ¢ ol ecur S PP EEREmE B O PSP hpERad” Sleptor.
e.g., a thTBﬂﬁu]tBEemﬁeﬁﬁﬂédﬂle,cc@ smgad’t iE6t GRfimt bindhpispecifibiy & BAPR }:ﬁgi.cb as
Fc(err)R (CD64), err)RI | 25 and FcyRI 1 ( 16). QG her

receptors, s@éhafh%mh o 4@)&05&@@%@@?@@@ﬂgmen@a‘mrsof),amd@ seeqpd tirdingr get ed.
The Fc receptor. Sy RS abI | ocat zft glsurbace f an effector hceII
oo, a monorspetyReraE R SR Horp fedf! RER bR R el CaRpher y
preferreds eshpdh Bﬁ@bant\%?n ﬂ}hﬁﬂﬁﬁgEélP(ﬁP@% n‘p}ﬁlbaﬂeegi &ﬁwh&ﬁmhﬁﬁeaﬁ@d to an

Fc receptor at a site Is distinct Tfromthé i nogl obulin"Fc (e.qg.,
| gG or 1gA) ltophvdulngoﬁﬂlegmzﬂntmheomﬁnseeaiéqznsbone am&oéj/mrefraguﬁmt Bieredif (yg.0én t he

lble\slglecszl I):c Ci %% 0%@11%52?5); vl, Gr Q%'ng uclhglsn lj-"vﬁ pre%erabq ifx?ndzm nn 0 yséroal ;90 1&? |
thereof, or a "chimeric" or a "humanized" antibody or a portion thereof (e.g., has a
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 Fe receptor, e.g., a human IgG
receptor, e.g., an Fc-gamma receptor (FeyR), such as FeyRI (CDé64), FeyRII (CD32),

25 and FcyR.III‘(CDlﬁ). Other Fe 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 Fe {(e.g., 1gG or IgA) binding site of the

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

blocked by physiological levels of immunoglob;ﬂins.



WO 021100348 7 4 JUL 20[5 PCT/US02/18748 -8 In another aspect, the present

I nvention provides a conjugate conprising- a human anti-EG-R anti body of the
“invention linked to a therapeutic noiety, e.g., a cytotoxic drug, an
enzymat i cWQ 82/186348ve toxin, or a fragnent thereoféﬁahg&dioHﬁﬁWB&HHSbw a

smal | nol ecul e anti-cancer drug. 5 Alternatively Janti bodi es of the
i nvention can be co-adm nistered wth su(gh_ t herapeutic and cytotoxic
agents, but not linked to them They can be coadm nistered simultaneously

wi th such agents (e.g., in.,a single conposition or separat.el or can be
i ot st or o0 bt or 6. oINPT S e AR bV BRI R A CaT cBdiE ARG ERES can
I ncl ude che ]hﬁnaaqmuf : | 1G] ' 1 cisplatin
10 bl eonyci ﬂu at e, ggﬁn@?@? %?f@ﬁll@%gg ugl , %nﬂhgégf%%rk%g%ﬁ;éﬁigdgs

hydr oxyur ea.cytdtbiiadngy) tah lenghmesticaily bétéve toxiandn ofragrhemt theraof) @ radivisotopt,erad i n

conjunction with radiation therapy: In another aspect, the present
i nvention prsgalideclecyapadicenesiédruge. g., pharmaceutical and di agnostic

at Toast e hurmn moreirara S EABRR B b it R e bl e 2
ant | gen- bi G RRthiaPeua LUtk SEnEDBEE iUk s Trey BFR 1 n one

enbodi nent, the conposition conprises a conbination of the human anti bodies
or anti gen- soadihmgstensd simdtancotsky wath sugh agesisdblgy, ipasingdf cognpashidsiards to a

di stinct epitope. For ex e, .a maceyt i cal . composi tion conprising a
unan monoclSHEFeAOr Getpe Rarmini el BRI Scrter G ST BB SRehEER T g U6h
target cell sobfs APIRIRRIBES oM i RhtsGRbh 55 S@brBG M &ﬁgc tisplafifot her
hunman nonocl naf an!ti [)u%y thgt efﬁ{lﬁztés} tshe gr%vvth of ccce{lgﬁ € 6?%\’55 r?g

EGFR. ThiGs, Hidvenyoinrilfeas,icarmupstioe] ddsrambhiil,@ahd cytlepbgspbamidaibydroxgutea. pr ovi de
the maxi mum therapeut|c l%ene,f I t.. Conpositi ogs, .e.’g..,. pharmaceutj cal
conposi t i ondTumahziihodies 9T thedsugntionalse fap pe gdminisisicddp SOMYRFH IR CI onal
ant i body of - | L,on, 25 or antigen-binding portions thereof, and at

| east one b.‘%@%‘é‘?ﬂ"@%& mul tispecific nolecule of the invention, are also
W thin the scope of th& anowenhdpent, therpryseht ianeritiverprasidestompdsitionsyeat i on
provides a nethod for inhibiting the proliferation and/or growth of a cell
expressi ng Hbamacgutigal and dingapsiig cemnopitignykity cemprising gphagaicstieiyr  usi ng

hien a0k OO TARLch ;b L Ao RUTRRSID) 00 ey, I8
|
\
\
i
|

rrses contacting a ce
EGFR ei t her dnfigsti-binding pdrtiol théeoff wiick ggecifically Goidsito BGRN  f on eibdodiment,

the composition comprises a combination of the human antibodies or antigen-binding
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, e.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 o
expressing EGFR either in vitro or in vivo with dne or a contbination of human

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



nonocl onal anti bodies of the invention in the presence of a human effector

cell. The WD 02/100348 1 4 JUL 20(5 PCT/ US02/ 18748 -9 nmethod can be

~enployed in culture, e.g. invitro or ex vivo (e.g., cultures conprising

cel |l s expMB8VHY3BGR and effector cells). For X lL,e. a SREEUS0288M8ai ni ng
SRlgine

cells expressing EGFR and effector cells can b dinvitro, and
conmbined with an antibody of the inventi@\ or an antigen-binding portion
thereof (or a bispecific or 5 nultispecific nolecule of the invention).

Al ternativel h h - b rforned.,in_a subject,.e.qg., as.part_of
o i vo. (o8 SR ARAIGTRT SRR Gk BESoly B BATeEr confie? romPRREL P\ o

treat ment ar&ll@@ﬁp&egﬁiﬁgmcpk_ﬁh%ﬁ@s@scélgg.apsﬂeﬁaﬁlp&@,ﬁ%mmécﬁﬁﬁm cklfs 9.,
over - expression), human anti bodi es of the invention are adm nistered to

pati ents (e.axpreshingditIR ppdeffecioraells har bpauiturehin wiref ndaombinedoxitiyas (e. g. ,
dosages 10 which result in.growth inhibjtion, phagocytasis and/qr killing of
tunor cel | s ABHBPGSET G inveriey, o 4n 4G e adMEAsT T BEtea! i 2RITHEFRISE at i on,
such as i4j " I . agri, 0 t [ . for
ant i body- agg@klgﬁ%rﬁgwg% 6@%’3%@%“&8%&%121 til';tg ihcflf EI segsﬂgﬁ \E\YEF@%& Can be
treat ed and/adubjece\eenf Bartugiangn vive (Apdergprutib oflp@phplactid)rotovsint i on

i nclude, but are not |limted to, autoinmune 15 diseases and cancers. For
exanpl e, cancers whi chf@aie Beinyeatreadmaniamndrproveation obdispases tdptedoeé@rRof t he

bl adder, bre .col.on, kidn . [.an .0S} at €, nal..cel |l g
cett 1 ung. (ABtesuBRIE R, aftr BN byhn aRlBRHA ik RO GE N agmiHERR S,
be treated i15phtiéfs (4.0 haxaRibicts) aPiherpesticang effetda aoshadsye g, osgeé s, €. 9.,

rheumatoid arthritis, system c |upus erythematosus-associated arthritis,
and psor 1t iwhigh résp|tin growal inlabigae, phagodditesehiand/erallingtafdemor eella gupresstnml | y

d wi h h ' . i atiop, or h
ol at o5, GRS BRANCRT Gt e ar painit loR yefes Pletr Bt tenotn e

receptor, e.g@minBtafiéd Ridwn inQRERt %r antibady-b5de8 clif8Pir8Aucts.SUch as a
cyt oki ne. Typical cytokines for adm nistration during treatnent include

granul ocyte col ony- st i hypieal ESg R-related diseasesmhichgraarbgiteetedandionpreypiiad e

|l ony 25 stjmulating factor, (G CSF), interferaon-y (IFN-y) . and. t
necroxi o 1 acteute i ybhan S5{ieids St rcinkiaiat B ufi BL ek Hintted sy R DE
ant i - neopf asditeas@AAMAlanSHE hmsexmﬂ?@&miegi WhitRe4 BEMHEdEd andPbiSREvdnted

bl eonycin sulfate, carnustine, chloranbucil, and cycl ophosphani de
hydr oxyur ea.indlpd¢ pancemsicthe hiaddérebmpsiucdlen, didriey aecyarieh, prostate, zanal ceiGFR

ant T bOdi €5 o Sul 15, LNATL] O R0 RS . SR R R DOl Y

be treated include, for example, psoriasis and inflammatory arthritis, e.g., theumatoid

G

arthritis, systemic lupus erythematosus-associated arthritis, and psoriatic arthritis.
20 In one embodiment, the patient is additionally treated with a
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 Fcy 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



be co-adm nistered with an agent which upregul ates or otherw se effects

- expression of EGFR such as a | ynphoki ne preparation which cause

‘upregul ated and nore WD 02/ 100348 PCT/ US02/ 18748 14 JUL 20Cy 10 honobgeneous
expressi oW®P2Z/BBFR on tunor cells. Lynphokine preparations BGTAUSS/B748 f or
admi ni stration include interferon-ganma, tunor ldeiiodiis factor, and

conbi nations thereof. These can be adm nijgtered intravenously. Suitable
dosages of |ynphokine typically range from 10,000 to 1, 000, 000

its/patient. 5 | h t, th
et hod for - HIREREETHS CRROTPR oY EFFR O jupiotitall o SBbnoNErepRRPAT AR T, &
sanpl e, e. g.for h@hinisAO0dndk ﬁfkrﬁ%d?gérﬁﬂr@t ﬁﬂldﬂ'ﬂ%@:@@x@ fadték, ﬁﬂ@c@ﬁb@ﬂh@ﬁnt
this is achieved by contacting a sanple to be tested, op tlonallg/ along with
¢

a tcontrolb sdahpdeef ’ﬁitlashcartl Eua@nlmdhmmfbn%%tml&ut&ﬂeo?osg%@ (}flrlympf lome (or an
antigen-bindin ortio ondi,tions a al l ow for
formation of Bl%é & 1o m&% Z%EOQ@QQ@BHF/%’&“EGZR Conpl ex formation is
then detegted (e.qg., long with -
t he test §sarrp| e, corrpﬁe& aet e@@t&h@ﬁ?ﬂ&ﬁ\ﬁhﬁ%&%f@?ﬂéﬁ %ﬁ%msatha??stl cally
signi ficant dhdctiagenero durrfntvhe thopieedrico nf BGRROMIgex és abahplecagt, fier sanpl es is
i ndicative the presence of EGFR _antigen in the test sanple. 15 O her

f eat ures ancﬂlmme@@@W relatsdidisgasatIniong mbodingns, ‘Hk?ﬁ&?@ﬁ?qurhi’nﬁomﬂg
foll d |
o089 B B LT Y gl Ao o

super nat ant sanftibedy 6Ptheenvedddsd (M%Sdﬁﬁ Bﬂlbidﬂmgniwiﬁﬁrh ﬂi&?dof}iurﬂder EoAdRidRa? 25,
528, and ABS. Figure 2 is a E OWI n conpetitive ELI SA with human

ant i body1®5 algyefon ferarmtionfof @nwmp emmzt e aotizgly 20d B IR s Complexeformataen onal

ti- EGFR MAb d AB h sh [
BTl SA i th da?*mfﬁeié e el a5y Msholshngs R s theSR flaseie”©
MAbs 225 andsafafe l%quﬂaéaéd\;n&ﬁhséxﬁple@aﬂd ﬁé@stﬁhﬂ?ﬁ‘gnmm difference
conpetitive ELlsAquh- HuMAbs (A) 6B3, (B) 5F12, (C) 2F8, and (D) 2A2.

in the formation of complexes etween the samp]es is lndlcatwe the presence 0 EGFR
antigen in the test sample.
15 Other features and advantages of the instant invention be apparent from

the following detailed description and claims.

Brief Description of the Drawings

20 Figure 1 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 -
HuMADbs (A) 6B3, (B) 5F12, (C) 2F8, and (D) 2A2.



14 JUL 2005 WD 02/100348 PCT/US02/ 18748 -11- Figures 5A and 5B are graphs
- showing inhibition of EG--biotin binding to EGlfla_pM B ti - EGFR HuMAbs and
murine MAbs (ELISA format). 5 Figure 6 is a graph shoW ng inhibition of
EGF- bi ot i nW6l ®di0A¥8t o EGFR on A431 cel | s by anti- EGFR HuMAlprCTZmSh 218748 NE
MAbs. Figure 7 is a graph showing titration of anti-EGR HuMAbs on A431
cells. 10 Figure 8 is a graph showing the gbility of 2F8 to inhibit the

bi nding of EGF binding to purified and native EGFR. The effect of 2F8

(di anonds), nurine 225 (squares), EG- (triangles) or human | g3 kappa

i sotype control (bullets) is nmeasured on the binding of EG--biotin to ~

i mobi i zed EGFR. As degi i i i S.:abl-g.- Py it EGE=Diotin
bi nding with an I C50 ofﬂgg’teﬁg/f’ dg'ldgiﬁl gg%ﬁ?f/ﬁcﬁ‘g\?\'grlﬁph@ﬁ%g’f%@th%{ﬁd'%
nM . Figure % EGFR baamtpEGHR HhloMibaand heurblei Miaby (BEIS2 forifat)i nhi bit the
binding of EGF and TG--a to A431 cells. A431 cells are derived froman
ovarian epidernoid 20 carcinoma and express in excess of 1x106 EGFR

nol ecul es ;on their cell.surface. |nhibition of. 2F8:binding t.0,A431 | s was
det ermi ned usi ng flow c@%ﬁeﬁt}iéﬁ gLpk Shaying ‘”%%“I"g‘_ %‘?Qp%w%} ﬁeﬂwgﬂgﬁaﬁﬁ h
either 5 (opgn AW <el®by 2R FUFN HOM ARSI MagRNd  before adding 2F8.

Bi ndi ng of anti body w t%out | 1 gand (PBS group) was designated as 100% As

shown, EGF and TGF-a binding to A431 cells is efficiently blocked by M 25

These results indicat eé:tghat F8 bi ndﬁ close to, or at_ the sane site, on EGFR
q

as the l|igands. Figur 986K 5A8PEEheWHG Hiratioarof aat-EGGFREhdAbnen A43l i EGFR

on autophospfprylation of A431 cells. Serum deprived subconfluent A431
cells were 30 treated with different antibodies (10.tg/m) as indicated in
the methdéls, stinulated with either EGF (A) or TG--a (B), and extracted.
The EGFR phosphoryl ation was anal yzed by SDS- PAGE and i nmunoblotting with
ant i phosphot yr osi ne antig8didds a graphchewmg3hgahility of RF81@dnhibiThesoding @48

-12 Figures ki vidhiRp 12 Bhifldadra0s BBRR SHOMAL: IF 9 fiibnhidd thomas
(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 pg/ml (closed bars) ligand

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

100%. As shown, EGF and TGF-a binding to A431 celis 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 108 show the effect of monocional 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
cither EGF (A) or TGF-a (B), and extracted. The EGFR phosphorylation was analyzed
by SDS-PAGE and immunoblotting with antiphosphotyrosine antibodies.



EGFR- expressing tunor cell lines by anti-EGR human anti bodi es. The EGFR-
expressing tunor cell lines A431 (A), HN5 (B) and NDA- MB-468 (C) vvere
“incubated 5 with various concentrations of HulMNyU 5(square

(triangl €&P,026B8B48cr osses), 2A2 (di anonds) ant i boggf negat iP 'éﬁ?ﬁft'?"dﬁ
anti-CTLA4 (open circles), antibody positive control 225 (closed circles)
or wwth nediumonly (control) for seven (j»-days. Thereafter, cell growth
was eval uated using crystal violet staining of fixed cells. The percentage
grow h inhibition was cal cul ated as the anount of protein left after seven
(7) 10 days incubation conpared to the amount of protein present in the

medi um only control.  &Bg.4ayg Imﬂra%aqutéégfabhgaﬁ@mn?gmmﬂbﬁmnmd are
representative of three experinments perforned on different days. Figure 12

is a graph ﬁﬂmﬁ-ﬁgpﬂesmngltml cngdhnes ﬁﬂamuﬁﬁf@dlyurdapmdmdtes ifbel Ollmrl ar |
cytotoxicit PWN were isolate e el ed A43 ells
V\gl’ e pl at ed%mfe%n&\b}m%f qejl dtn%éﬁs f)ﬁ‘f‘biﬁﬂégg) @m%ggh&eswcw inclbated

ef fector t i ﬁ%ﬁq

concentr eél 6\%@1 Va}&%)% ?O%%Eglg'ﬁlﬂ'mﬁ I nchggﬁsgquﬁ?%z 51 adeqilc stéeégev\(ggdqs%%sgsur ed.

20 Figure 1&Azs(damﬂcsrmharaiwm Regdtive cpﬂeMeam@"nLAﬂ (opsmouirles) remtibady fysitivauVAD

2F8 in an athym c nurine nodel. G oups of six é m ce vverg grect ed
subcut aneousbytrolrﬁﬁﬁr(éloﬁﬁhﬁkdvﬁ)toh wgthgnq@gmtqn%(coe phdoy ssvem 7%5@ $PBS at day

(5501 200 ( S el brovh s 55 ateh SRRy il el of ekl o R
(cl osed Squgfc?c@na ¢ RBrowth ifikiBRdnvslealculite MR ha ameusiTiprekin(lefiaftecigveh €7)) .

The data are pres ed as nmean tunor volune + SEM and are representative {
of 3 indilvi diagé 1mnbﬁromm;m;e®mehdamgurslqﬁpr(&clnrpggﬂstmlslth¢=m§drl@1 ealyicgniolyr aph |

showi ng the eradication of, established A431.tunor olel S 2F8
in conpari s&ﬁ‘et‘i?tarﬁﬁpfeﬁ'éméﬁ?’imﬁdﬁﬁaw PHp 2E¢ arel\}ie%ese'gg[ ‘?{é"eﬁ:@é/!%? ra'VéRS
subcut aneou%f%fohﬁeﬁbﬁd f{fé&lﬁ i, h 3x106 tunor cells in 200 pl PBS on day zero

(0). At da mce were randony allocated to treatnment groups and treated
on days 12 (75 g/ 200 pl) 14 (25 pg/200 1), and 16 (25 g/200 |) (arrows)
with HuMAb WO 02110034 05 PCT/ 2 2F8 (cl.ose
squares, 2F8 short-ter Stafﬂrﬂa’r? 10 Pméﬁéw/ﬂﬁd?%%’?f&%é%& hident
triangl e [YIPMRULE D NIIREE s SHSOHRS, VCKrolmighUsded A0%1 ¥éIRY 75
g/ 200 (eirs‘?)r@ﬁﬁ} m%%&am nl\T/ZIﬁS Jn day 1a2S continued by 25 pg/ 200 pl HuMAb
2F8 or nR225 vegre ptaydinldh wilts ﬂzitsbottaﬁi plaes. DOIN g8re Riged imeffertor(targehrasiguar es,
2F8 1 ong- tererO loeFi)nednat;[urbloﬁles were added in different concentrations. After overnight

incubation, the *'Cr release was measured.

20 Figure 13 is a graph showing the prevention of tumor formation by
HuMAD 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 pl PBS at day zero (0).
Subsequently, mice were injected i.p. on days 1 (75 11g/200 1), 3 (25 pg/200 pl), and 5
(25 1g/200 pi) (arrows) with either HuMAb 2F8 (closed squares) i.p. of human 1gGl-x

25 MAD 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 HuMAb 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 pi), 14 (25 pg/200 pl), and 16 (25 pg/200 pl) (arrows) with HuMADb




5 nk25 long-term. The data are presented as nean tunor volunme + SEM and
are representative of 3 individual experinents, yielding simlar results.

- Black arrows indicate treatnment days for the short-termtreatnent, open

arrows i niWW@aet/eossseat nent days for the long-t t ment pcis Lgur es
15A and 15B show t he sequences of the V - and 3Inlib{v?@égi ons %@ %Zf_lg %’ut h

CDR regi ons designated. Detail ed Descri p'gilg)r) of the Invention The present

i nvention provides novel antibody-based therapies for 15 treating and

di agnosi ng dj.seases,charac ized by expression, particularly over-

expr essi on, @Esa‘é?mesgkgé\fﬁm-mﬂ pitbemirgie antit EGER NAGr251(clgsedo her ei n

"EGFR') . | f ' i I i sal d, h 1 9G I
ant i bodi b, PR AES Mpriinl, WP bR RuP s e G Runes e 501 Kbpe

t BROR i : | hod d b
R R B e e L Ll g iy
In one enbodiayens, 16, he, 1TEN2A136| BEOENEH0 (85 QUAKYCHS JoRg AertR 'Bp?ﬁ‘ﬁﬁﬂ% es,

transgenié anjnmal, e.g., .a transgenic nouse, capable of ~producing tiple
i sotypes Of Médralengdergvl digidataare pregerded aomearmnges vglymée gSEM gid asnd/ or | gE)
by under goi = . pnation and isot. switchin ordi ngly,
aspects of '? E%r\élsér%t/aéln‘{e%gﬁm%lgﬁﬁlagewgflmgﬂféyy'éﬁf’?gﬂmléé,resghi-fg%ﬂ@a‘f@d@rrent s,
and 25_phar fidicatt tie@imeso TRASiot 1R ok RaHLOLamBHL 0P Ar8\I0idIHIR L AURYRYL ©
animals, B-cells, host cell transfectomas, and hybri donas I ch produce
nonocl onal 4fx thedengeterm tvatrheods of using the antibodies of the invention to
detect a cell expressing EGFR or a related, cross-reactive growh factor
receptor, or to inhibit growth, differentiation and/or notility of a cell
expressifg EGRR  miAhel siundl 5BAna thdlsy s OfRAsSe 30 the
Thbents o W 0o/ TS ot 5B hdlsckliies B ey AR IERRTR B 2P wichy e

present i nvéAPR ocgiomsddsinatede readi |y understood, certain terns are first
defined. Additional definitions are set forth throughout the detailed

description. The terns "epidermal growh factor receptor,” "EGFR " and "EG-R
5 antigen" FRaiisFHedctiticnFIHE herein, and include variants, isoforns
and speci es — hono T tlla n a preferred enbodi nent, binding of
an anti body of the The present invention provides novel antibody-based therapies for

15 treating and diagnosing diseases characterized by expression, particularly over-
expression, of epidermal growth factor receptor antigen (referred to herein as “EGFR™).
Therapies of the invention employ isolated human IgG monoclonal antibodies, 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,IgGl-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 pharmaceutilcal compositions thereof, but also non-human transgenic animals, B-cells,
host cell transfectornas, 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 ir vivo, are also encompassed by

30 the invention.



I nvention to the EGFR-antigen inhibits the growh of cells expressing EGFR
"(e.g., a tunor ceII) by inhibiting or blocking binding of EGFR ligand to
EGFR. The term "EGFR |igand"” enconpasses all (e.g., physiological) |igands
for EGFR, WSL02MPH§ EGF, 10 TGF-a, heparin bi ndngU % -( HB- BHyYUS02/18748
anphiregulin (AR), and epireguli n (EPI). In another r)eferred enbodi nent ,
bi ndi ng of an antibody of the invention toj4he EG-R- ant I gen nedi at es
effector cell phagocytosis and/or killing of cells expressing EGFR As used

h i h "inhi

o inol ude any measur anhorddeRlaBeplefefinvafafrhodr moedf iwileiac o
with 15 an aRhhinktfiR A8 HrieNinds RQ@E@hﬂQiem]tfoBQa&réé\’\fd?tfptiudd%ﬁo&m cel |
not in contact with an anti-EG-R anti body, e.g., the inhibition of growh of

a cell by at detsled defmwiption0% 20% 30% 40% 50% 60% 70% 80% 90% 99%
or 100% As used herei the ter hi b|t bi ndi ng"  and. " bl,ocks _hindi ng"
(e.g., referring to i h%ﬁf@%rﬂpﬁwr F‘HdF g‘lff ] iaﬁ‘én@&% EGFR)
are used [ I .

nhi bi t1 ort b|a§£'%'9*ﬁ9$§?d%ﬂﬂ§$@%®?ﬁ%?ﬁcﬁ*%ﬁm @é%ie%*‘f oo AR ies

preferably ra sf haldaArBGERE IN® preférred @ﬂlﬁidlm&ntt B ofedl dntibodyé¥ the g
t hat occurs when EGFR | E&md bi nds to EGFR wi thout inhibition or blocking.

| nhi bi ti on andvestios ko Hg: ERantger imhéngdle growthef ealls expressing EGTRalslge, 2

decrease in the bi finit R contact 25

with an anti- egﬁ g °6§W%P‘E$P@“E%Z%F3§H JPWOJ@F%@F”V\AW an
anti - EGFR ar* cixdie -"Q thPRst AN ioRFRI lighRd for EG FERR MMing E GRSt
about 10% SO Hgar ek BRIl iR L) RS For G ol Bling

"ant i bodyl'0 asl Gléhehelﬁdutb)ndimg é]GF QHBJH{Hé)sambbllr@uelmt(mﬁt)phmpmgul:ra(ﬁ?lanln gen
blndlng fragment (i.e., "antigen-binding portion") or single chain thereof.

30. An "ant ] b@ﬂ?‘h"? afreéquedtqm@dgn%obmétr@qu ap GRIPYd 9fgh atnweeta@t torthe EGERry (H)
- Chains and tyg u&é%%d{al-e)s ?‘Eere i ﬂ%gcﬁﬁﬁﬁﬁ'ﬁ%ﬁﬂkﬁwn AL S eﬁ';?ree dr{bo GER! an

antigen bindin on eav aln®s compris a heavy

chain variabl e region (R@@i&ﬁﬂeﬁﬁdhmrﬂzﬁrﬁQB%&oR@Wﬂé?ﬁ%ﬂe&ﬂﬁ@tolccﬂs)]ﬂdl— 2005

-15 herein as VH) and a heavy chain constant region e heavy chain
const ant regiietandes to la‘dﬁ‘ilﬁ aryeruc@pratb&n é@r@@m the ,grcmb of@rcpzllamcn@qatacsdowth

neroi - ac VLR BT RGE S s bRt RS g Phh 8 % e il pb MR Eh R
region i s CORRrnGEEGPR 281BoHOERI, The ﬂhlblﬂ-&?oﬁ/ﬂomﬁjof‘@cell by at least about 10%,
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
irthibition 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 anfigen binding portion

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



5 regions can be further subdivided into regions of hypervariability, ternmed
conplenentarity determning regions (CDR), interspersed with regions that
‘are nore conserved, terned framework regions (FR). Each VH and VL is
conposed JVOORAYS48 CDRs and four FRs, arranged Eb?(n‘] anj no- t BEA{USAY 18748
carboxy-termnus in the follow ng order CDR2, FR3, CDR3,
FR4. The vari able regions of 10 the heavy 125r1d | i ght chai ns contain a binding
dormain that interacts with an antigen. The constant regions of the

ant i bodi s iR A Parld il 0Thal b LA REHERN il SonsRPlegleiEes, O

factors, inc |ng var 1 ous ce e.g., cells)

and the fi rséorﬁﬁ}mﬁfwrﬁr«eé %xﬁhm@fCHmeCHD%ﬁ& ICHY. E&'Fiﬂig%ﬂ@hﬁm $YEn§Hised Bpat €r m
"antigen-bi ndi ng portion" of an anti bod or sinply nti body 15 portion"),

as used her elight cheinevagiable regien ¢abbnonased Kagnem;t\éLbzindamllgthhbmcbpnsthIatreglena| n
the ability_fo.s ifically bind.to an. antigen ) S been
shown that t hﬁﬁtqﬁﬁ’@ﬁoﬂﬁtﬂé RGP UhEITRINE fOfg’He Qfgﬁ"?%'@ %ﬁw Qﬁor med by
fragment ssof oLnH'ch h??\%ﬁﬂ%r s@&ﬁ xBQd’}{no E&ﬁﬂ%‘oﬁg@éw@ﬁ&b‘ih@?te%@@”ems

encorrpassed erm an gen- an anti body

i nclude (i) eonslemenagitedsternd ﬁ 3h£(QDRY, dteRpérsedwirhnediond thee €€ nidie VL,
VH, CL and O%Irﬁl?jlolr?al ns; (|‘|3 nﬁﬁg @% Sszra}gE;Eh\fp}ar; bi val ?r:t f ragnent
f

conpri sing tmsﬂabd,ffﬁmeWQﬂKéﬂoby(lﬁ{)d end ViLdg eomposedeiithig e

h H a do F
;reglgr)rgnt f:lolngbﬁlaﬁg fo g;rvfgo Ir’i{ﬂglb%&ptﬁgreug ogargpﬁapmﬁé:{ﬁ n(l v) a Fv
ant i body, (Wo]l%\'ﬁl?olfd&agmﬂtdbwrmtcp@  FE3.289%3) Nq{yrphg%m%%;%ﬁg of Whi ch

consists of a VH domain (v an isolated 25 conplenent arit
det er mi nilfig thedieavy @Dipht chains bentamrdindihg domgin thitdnterartsiwithianantiden. tThe Fv

fragnent, VL and VH, .are_.coded. for b rat.e genes, .they can .0l ned,

usi ﬁg recon%ﬂqraﬁf regiqng ofi the wba&gw%ﬁ pediate thadipding gf ther si)q%@ 9 be
made as a Si | orm
monoval eat - rosTRE 8 ﬁ%a%%@d";?r% Seliper e iBRtoYHLER @ ool blis) O T
(1988) Sci enarel méfm%mﬁentaﬁtﬁ)&@tHduSﬁssmabctorﬂ;hlcmé&%);teHr oc. Natl. Acad.

Sci. USA 85:5879-5883), Such single chain antibodies are also |ptended to
be enconpassed within 'Erh%tec“é't BANEEBINGE POTURN" 9 an 3albody for simply, Qi‘r‘r'lbpﬁbdy

oSS on" s kbl AR e, SRSl UpRd SARKANL bPRThntRARA BT 2
and the fragabilitytoapecificdlesing!id & aritigeh (4.3, EGFR)h ¢t 53 e stivvai thasthar e i nt act

anti bodi es. The term_ "epitaope" means a protein determ nant capabl e of
specific antigen-binding function of an antibody can be performed by fragments of a full-length

antibody. Examples of binding fragments encompassed within the term "antigen-
binding 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')7 fragment, a bivalent
fragment comprising two Fab fragments linked by a disulfide bridge at the hinge region;
(11) 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 er
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 tefin "antigen-binding

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



bi nding to an anti body. Epitopes usually consist of chemcally active
surface groupings 5 of nolecules such as am no acids or sugar side chains
and usual ly have specific three dinensional structural characteristics, as
vel | as spaxdFiee3Bharge characteristics. Confof [rﬁg (mﬁ anBCT/US02/18748
nonconf or mati onal epitopes are distinguished int e binding to the
former but not the latter is lost in the_pgesence of denaturing sol vents.
The term "bispecific nolecule" is intended to include any agent, e.g., a 10

in, d h ¢l | ' jaf
D Do B 800 e S b Yo e S g
with, (a) ag qﬁsmﬁﬁﬁgﬂ@@}éﬁ%tmmoﬁ% an Fc receptor on t he surface of
e

an effect or c The term "nultispecific nolecule" or "heterospecific

nmol ecul e" is intended The tenml “efitopeTymeans atproteingletermipand tapable ofisppeifide, or
protein or peptlde conpl ex, which has pore than two d|fferent b|nd|n 15
speci fi citi e&indmgto é&&h@)‘?%’y thipitopes wualle consist B phempigallyactivesurace STRRRIASS ( a)

|1 f b F f t
el T, andd (o5t mPRPURERRY o6 Ay REsiC FREREMe SRR fy foplgE rge 1
i ncl udes, btﬁlmeﬁslaﬁél shheﬂum@hmeteﬁstﬁﬁeﬁ Welf as spetifiide! chardefiisasspeci fi c,
and ot her mul t1 speci fic nol ecul es whi are directed to cell surface

anti gens, suConfemmaiiaral am?rmbrtconiomwuonzdmgmms apudiktingnished ire thaptherbinding to

effector 20 cells. The term "bjspecific antibo al so i ncludes
i abod es. - BhAReRIKEBuRRe i [aigr 165 T e RENFE ST RESSINERSuni oh t he VH

and L domai ns are exprgsac BlolinS dkaLqk 1RERIdIS iRl myiftntoknd 2

linker that is too shortie all alrin et ween onai B¢ on the

sane chail@, pleisg tp)épi!’i&&’ @r pebréiner ﬁeptﬁid‘ci)rﬁpkm awmch/\hémwi‘»l:dlﬁ“amni lamf:mgar y
domai ns of another chain and creating two antlggn bi ndi ng. %I tes g.
Hol | i ger, P.speetficities. Fopgampe.dhe moigaule may, hindde, or '{‘}SKQCQ'O’* 4@)}6& B“Vf‘F"GI j ak,

RLJ et al 1994) .Structure r h Sﬁ@

"het er oant i b?)‘ﬁf(gég ﬁ] gﬁearn;lp % rSC'TR)\%r %fl&%rﬁl}&g&)adrftapbg% ?@g CQ? ‘gtcgln Emtlt ific
fragments ( emﬁlecuEaB} *hel@bépeaificufslebhier RfikeAldedto 1aﬂhd<gary agenl) lcl’gd,l zr]g'ofc‘hgl ons
| i nked together, at |east two of which have different specificities. These

di fferent sppegitidecirtpretin mrq:felpdée eompleyi whick pes moreihay two diffsrentdindiegpt or on
Farget col , Sreciiites” For Srarufy b2 pitgm s b soyortic b ot R 50085 1" °
-17 The ter r%mfgﬁ! HA®) 8h Fe ?&Q tor oﬂihélﬁﬁ-ﬁncb%f% Bffedtr éemt SRPRY at Radtdft iR
ant i bodi es havihg’ varl abl const ant regi ons defived from human
germ i ne i Mmeumpdrehtl Acmsélng'mdmsnvennon includes, but is not limited to, bispecific,
trispecific, tetraspecific, and 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 Fcreceptor on an effector cell, -

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



The human anti bodi es of the invention may include am no acid residues not

- encoded by human germine i nmunogl obulin sequences (e.g., nutations '
introduced by randomor 5 site-specific nutagenesis in vitro or by somatic
mut at i on | WOLIZ{10)348However, the term "human tJUEZ@S/J as pguydeengia®, i S
not intended to include antibodies in which ences derived fromthe
germine of another mammalian species, such as a nouse, have been grafted
onto human franework sequences. The terns "'nonocl onal antibody"” or

"nonocl onal %ti body conposition” 10 as used herein refer to a preparation

of antibody rBF&Em duman aptihedie’, pbvsee dicsain, ig briensied 1o ineluds antihedieshrving -
2 par U1 cul ar VB8 SBBoP i destenPyE s RSt v beaboliecangest
refers to anTheadinRn afiiBeli@YdfMBe mvehtidl RaPiltidd%nsRE %i:iﬁirﬁgiayes%i Gllkﬂ:gggr?’ |S¥1

vari abl e and constant regi ons derived from human gernline | nmunog
sequences. 1buman geemlerciothumglobulinseduemses (agnanitatiods intrbdied ibe saredom or
pr oduced gy a h Ldoma  which includes a B cell obtained froma transgenic

b
non- human an?‘FFéfi’/l?erc IGnutagenesis{g YR o b siRalic TRwslion nviven diawevsmthe srmg a
h h D i a-lLi- i d
mortar sod dh adbBRPEIE uaRheieih G bt UL 1d SBNRAENRLIAIE R HEAEPR i s

i ntended to séifiendislderieedfrbmhberpemdiel dfedomer mbminadiaf sPEGRAERN as Ps RS ed,

created or isolated by reconbinant neans, such as (a) antibodies isolated
from an ani nhave(keeg grafiedaptesbymam framework sequengeni ¢ f or human i nunogl obul i n

hybrid d .t heref (d i,oed further. Sect i .
el o) (b) anti bod & TERTECaIPPPaRPa HERSEar MerpoHEs PR PrORIHERL | he

ti bodyjoe. : f ; ' | '
ant i body joe. gs usearr@feuaréféllaca% RER4%bn &f%naal%y ml@cﬁ&ghg%ggﬁgﬂt@légy om a

reconbi nant, conbi natorial hudman anti body | i"brary, odi es

prepar ed, espnpesich. & meaoekbnek anitiboly temipisytiamdispibies singlertindih@spacificilyv e
splicing of w .i*gnuno l.oQul in gen sequepces to Q,Eher DNA sequences.
Such r econbi H¥hHIRIRART 2 PALCHBHRIOPHaPSCUE B Ithe tSHA “Rynar Benoslepalons
derived fromd " ) ng: [@M‘ﬁ:@é ;‘?ﬁ’é‘; Ll REGE - £ A

enbodi nent s, hmger,é&%ﬂﬂ?bggonbll ant %Elﬁﬁﬁan aﬁ??%gg?ﬂg’q@?;%ﬁbg"esubj ected
to in vitro varishifeaelsionstanr regivine dedvedafinombiumah gansigeninemimsglsbulasedqgnces.
sequenceisi s, used, in_vivo mat i ¢ nmut agenesi s).. and thus the amno acid

sequenced? of I 9fg Woﬁ‘l‘ﬂemﬂht% msRgnetoctaial UEbeHiss aeRrogrtediyH ydridomano
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and related to human germ ne
mouse, having a genome comprising a human heavy chain transgene and a light chain

transgene fused to an immortalized cell.
The term "recombinant human antibody", as used herein, is intended to
20  include al} 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 froma rccoﬁ-nbinant, 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 niutagenesis) and thus the

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



sequences, may not naturally exist wthin the human anti body germ i ne
repertoire in vivo. As used herein, a "heterologous antibody" is defined in
‘relation to the 5 transgenic non-human organi sm produci ng such an anti body.
Thi s ter nwiOed2e1083480 an anti body having an aninp4gﬂi?mfequem39Uﬂnn8m8
encodi ng nucl ei ¢ acid sequence corresponding to that found in an organi sm
not consisting of the transgenic non-hunapg_animal, and generally from a
speci es other than that of the transgenic non-human aninmal. 10 As used

herein, a "heterohybrid tj hody” refers tg an antibo i n i ght and
heavy chai nsseavena#t?@mwaﬂ&ﬁa&# @Paaw@rrpkjmé? hpmanéfaﬁ%rveg\?%%ﬁh body -
having a h ' [ -\ 3[53351'- %H,t L }.S ;

het er ohybri :iL' gntrﬁgg%ﬁyayq@glﬁpﬁlggggs?R‘ﬁfeﬁt‘%\l{rﬁgﬂlyg}| gﬁ?‘?)lb% |eh§1(éitil C Sggughi meric
and humani zagveant i bodi es, discussed supra. 15 An "isol ated anti body," as .

used herein, is intended to refer to an antibody which is substantially
free of other anti bodi&Asusedherein,di thetsrelagousantijedy s dplindd ingelatiento the. g. , an
i sol ated ant,i body.t hat, specifi cal | inds to EGER i hstantially free of
ant | bod! co. (PR hERRT grenTiae AATiRn i daranirdn HiR M fffrs B oo
ant i body  t NaibsBPRIVAEA) hindlaBfiFseh BB o Bh ERBRIing RAIAE Riflseyabant of human
EGFR may, howel\?er, é\ﬁcaéﬂzo g}rggsgfsrcga%t Ivity to (l)rtl%]er ‘?el alt gg&gﬁ??gens, e.g.,
from ot her speaespnding. tg.that E6HrR ia peorgaisr acndongis)ing bbthe traasgenaomonsintmare d

anti body may be substantial|y free of other cel(lgul ar material and/or

cheni cal s. [3BHearchiraerativfromyp sperdes gtherthanthat of the Wensgspicoipndiuman 5o at ed"

nonocl onal aam&]@odi es having different specificities are conbined in a well
defined conposition. 25 As used herein, "specific binding" refers to

anti bodyl(®i ndi ng to a ApugdeierinidThetedstybaidntibydi"aaferyto dnhmtidody haghyg B nds
with an affinity of at |east about 1 x 107 M', and binds to the )

pr edet er mi ndtghaand beayywheins ahdifferany prganismal origingt Fpeexamplevan anibedyghavingr
than its affjnit

a5 b PR b ) R s B ™
o o ant | o B e Lot body
whi ch bi nds digpussedisoptaly to an antigen". WO 02/ 100348 PCT/ USQ2/ 18748 7 4
JUL 20 515 An "isolated antibody," as used herein, is intended to refer to an antibody
which is substantially free of other antibodies having different antigenic specificities
(e.g., an 1solated 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 birrds specifically to an

antigen".



-19 As used herein, the term"high affinity” for an 1gG anti body refers to a
- binding affinity of at |east about 107 M1, preferably at |east about 108
M1, nore preferably at |east about 10 9M'1, and still nore preferably at

| east aboYOW1®3M 1,1011 M 1, ]012M 1 or greater, e.g., BOTWSADIHa 1 or

greater. However, "high affinity"” binding 5 can a.M Hor other antibody

| sotypes. For example, "high affinity" bipding for an IgM isotype refers to
a binding affinity of at |east about 1 x 107M 1. The term "KA", as used

herein, is intended to,refe SS N, ,»Gonst of ticular
anti body-anti gen i nteréé?lse&her%ﬁeh]teé%m ka%ﬁ HOHEIY Ha%&?%m‘boa}ﬁ?af%{séﬂ&ea to
refer to theblﬂdﬁlﬁ@ﬁﬂrﬂfy Ot [kt £ @NI 'Ofareperm it féd&taarboﬁpto“ydyq,&%t I gen

i nteraction. As used herein, "isotype" refers othe ant | ass
(e.g., 1gM orprefs@bly at least absutd@cgwé,chnki)mhmypndfenablycmﬁeasaaﬂoutegiom goHasg. As

used her ei N,y " h8Qtype switchin fierg to the phenonmenon by which the

cl ass, or |sot]9 35[ Bfgﬁﬁte&rﬁg b‘gﬂﬁplg jﬂg@égf‘ﬁa% g‘r?équsr’ch%@fﬁ@%rlén@ﬂgt he
other Ig 45 h e

sotypi o 4T 28 Gp Ry ol dafhdyikibes, FOPBRIMAIE 5ol SAET bitER R ah el o
has taken plxa@@pefdﬁasmgﬁﬂmgﬁmngbnmemamnww’mﬂ i sotype is typically
the first CH gene imedi ately downstreamfromthe functionally rearranged

VDJ gene. Isotype swi t Ehg Wgnﬁgs\"b@‘elﬁe(!be@lmmmqlﬁddasrftftrasshﬁ:mso-mlon
non- cl assi cal | sot%/ e, S t.C otype switching occurs by

reconbi nati o ngt\%tn sam‘%%a’.%\)g?%ai‘ﬂgqné%“ﬁﬂ% swi tch sequence region in
the transgene. Non-clpgsiefalKi S'Oﬁsyﬁ%@d fidfelrC ﬁ%nﬁ@&t@&?&ﬁg?ﬂe dlEQfClat%gnpl e

honol ogous reconbi nati on bet human 6u and huna assocl

del etion)0 Aonstantafiamrticidar- anltlbedy—amigmmmtmlmmg mechani sms, such as

I ntertransgene and/ or mterglrormsomal ,25. reco inahgl on, anong_others
Fy

occur and effectuate | @Y PRIt ITYRS roders fe dy Cl%ﬁ@&eWOEWGB
sequence’ T ahal§ ch&de By Bl onaRPOHERRLRS fo%%%@b'e for swtch

Ically a p switch feglon wil |

reconbl nat ion. A"switc sequence,

be 5 (i.e., upst rean)Asﬁsﬂdﬁzrmn,n'&ﬂatmtsw:egmgﬁ réferse thepledneehedon bpavhi¢he
svm'tch reco tion, The ?fsvm'tc. g);:]ceptor region will be between the
construct 3 F@ HAT 5GHPE eﬂ"e?c'@go thanges fraspionedaeinss kopnaelithe plhigi g (e. g. |

Yy, C, etgs).cifigedhere is no specific site where reconbination always occurs
the final gene sequence will typically not be predictable fromthe
construct. 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-associaf&d 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
p 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 dclctcc_i and the replacement constant region (e.g., v, €, etc.). As there is no

specific site where recombination always occurs, the final gene sequence will typically

not be predictable from the construct.




WO 02/ 100348 14 Jul 20[ 5 PCTIUS02/18748 -20 As used herein, "glycosylation
" pattern” is defined as the pattern of carbohydrate units that are

‘coval ently attached to a protein, nore specifi ly to an | lin
pr ot ei n. XVQW&QPQ% ation pattern of a heterol odduéliagy bodyi’gaﬁ#gg’g{s‘?w
characterized as being substantially simlar to glycosylation patterns which

occur 5 naturally on antibodi es produced-B¥-t he species of the nonhuman
transgenic animal, when one of ordinary skill in the art would recognize

the glycosylation patt eishsed hérb, “SI9éRyRtied pufierdntd defiliedas tegiangmofr e -
simlar to said pattern of glycosylation in the species of the nonhuman
transgeni ¢ acirbshydritannitstaharespeaently sttashedun & protéin, rapregpeeificalbyftoane

Lol o to smBpeglobuinmaled s A Eyfey Ao phiern 45 BEPpERs aRiueBoEnEE b " °° -
nature. For ] [ i S
Dresent i o aiRkiedds RGBS simBa PGS ARIGE pRRANORERY bh 5

sour ce i nsnagatiRllgvh aNibedicdipodicdd liahs speviandfithe addbhunmandidnsgehidgnimah i n
the | aboratory is naturally-occurring. 15 The term "rearranged” as used
herein ref er whewose ebordingay skill omthsfarawerddwgcogaizgithe slycosyiiongrtiem of the

I munogl obul jn | ocus wherej n V segnent..i S _RoOSi ti.Qone | I | y.adj acent
to a D-J or he%@g?@r%_avﬁb%dyéaﬁ’ﬁs‘&m F&Hmé?fct&ﬁlﬁdmégrsne%ﬁ]%: ig ggﬁ fgb%%l ete VH
or VL domai ng,J.£3ReHd Mthlimah thRfehRNGRHal tREM OGE @Pediéd fraf Whit PG CH geresbe

i dentified b)P conparison to germine DNA, a rearranged |ocus will have at

| east 20 oneof theorthsgend weeptienmed/ nonanmer honol ogy el ement. The term
"“unrearranged” or "germine config] rati on" Aas usig herein reference to a
4 Ph

V segrmentiOrefers to t hed hedsm gy 'ﬁﬂ‘_’%‘i’é?% Ve%ﬁrﬁ’ﬁ[ig‘? 10 g Rorect
reconbi ned fsgefé\% t th ;;t" tﬂ'é'iea‘iin'cﬁ)i«%'t Y¥arf6H fRAuRAtin h&tufe. PoPéxa]n;ﬂ@,mpepizﬁgﬁgf\&r m

"nucl ei ¢ aci nol ecul e as us herein, 1s intended to i ne
mol ecul es angolRhiclestidecsth@ence Matispresent acardongehisnu (irelwdiyg brusss)thetecagtheanded

or doubl e-stranded, but preferably is doubl e-stranded DNA.. The.term
"i sol ated nuisolated fipmc svreedn nature gad which DaS i eep e wroraly maified M e

aci ds encodi ng,ant badi e: [ ] ortions (e.qg., VH VL, CDR3) that
bind to EGFR thal?oﬁaghg%dlg{uéﬁwe#%ﬁﬂﬁ&pa nucl ei ¢ acid nol ecule in which the
nucl eoti dg 30 sequencesThenegsliregradpedant useddygrein refersitb adynfigurstiorofaarkeavy ee
of other nucl eotide sequences encoding antibodies or antibod p8rtions t hat
bi nd ant i genshainjestightehairdapmunoglobulin locus wherein a V segment is positione

immediately adjacent to a D-J or J segment in a conformation encoding essentially a
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 2 D or J segthent.
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



whi ch ot her sequences may naturally flank the nucleic acid in human genom c
DNA. In WD 02/100348 1 4 JUL 2065 PCTI US02/ 18748 -21 one enbodi ment, the
“hurman anti - EGFR anti body, or portion thereof, includes the nucleotide or

am no aci WY MMRte of 2F8, as well as heavy cHaj py andPCTRIS02/t8i48 n

(VL) variable regions having the sequences shown in ID NGs: | and 3, and
2 and 4, respectively. 5 As disclosed angjcl ai mred herein, the sequences set
forth in SEQID NGs: 1-4 include "conservative sequence nodifications",

.e., I i d ) id . i fi ' which,d
i oni 11 oant | s ERingR 1R, Bt e ER 5 BRRL o1 BOioR Ihert St FRneRs bR boay
encoded by the|&tide? binsifd ﬁ@lyqﬁeﬁceoéfmpa@wenagh& chaffl (VHPdd; peligACe.

Such conservative sequence nodifications 1 nclude nucleotide and am no

aci d subst i t (ML)ovesiabldegivhohaviegthedeqencesnshowntidiSEQ HD INGss 1cmd 3bend 2tandduced
into SEQ ID NOs: 1-4 by standard techni ques known in the art, such as
site-direct et TeSREEUYRNesi s and PCR- medi at ed nut agenesis. Conservative ami no

aci d subss tuti ons i 680 QRS LA Sk BT ABELA (AR 4B IR 4GR! 2ced

i
. . C
with an amno acid resi aving a simlaf si ain. am no

aci d resi dueb-4hasudg“nsery&tivesiegeereb aodfickbiohly e haadlestefe mddmifo hélg art .
These fam lies include anmino acids with basic side chains (e.g., |ysine,

ar gi ni ne, hi ssapenceanodifiedtiong wichedacrntisignificanyy affsetrralterthgditatling)| ut ami ¢

acid), unchgrge | ar..si de,.chai ns 0. | vici ne, asparagi ne,. gl utam ne,
Serihe, thr oarieriag priBe RBEQ REoded o tho Butaiy s BB ar sprainine B ne
(e.g., alanifginoRid #uerlcBUShBIEeonskRali PeédqiEnceRhSYiFiBRionR M INd AR MoR8e and
nmet hi oni ne), beta-branched side chains (e.g., 20 threonine, valine,

i sol euci h@) amuhoacohwbstgutonks additiomsandadedptions.y Musli ficatiopheambeaintraduweed into
tryptophan, piLstidipe)., Thus, a predicted nonessential, am.no . acid residue in
a human ant%é@%@ﬁﬂf%@ﬁ?@@%&@ﬁ@ﬂﬁﬁ %b'lnég%ﬂ"vﬁufh as Sits-AEseteti no aci d
residue fro e ' ' - Al j: S s P Act:

rbodi ment . T Ren SRR CIE niCoRk Ot nilBesist CaRORRVEafinoRifBERGons ¢
ant i - EGFR aninchxed pnesouiiwigcls depammioe acid wedidirss bgplacedtwitlpin aminodciiyesidae s, and
the resulti ngqym)di fi efi aﬂt | - EGFR anti bodi es can be, screened for, binding
activity. Actdies agimylar sdechan; Eamiirsod ammgaqd gesidues baving gimilagside chang

Lo 2L 15 e U R i BERRE S S FKASR L0 996 B SRR

di scl osed hefegg. Nlyéine carginfolehistiNE acidic4ldd dhatnsde g., aspartic acid, glutamic acid),
uncharged polar side chains {e.g., glycine, asparagine, glutamine, serine, threonine,
tyrosine, cysteine, tryptophan), nonpolar side chains (e.g., alanine, valine, leucine,
1soleucine, 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 sirffilar sequences which have

been conservatively modified. Further discussion as to how such substantially similar



substantially simlar antibodies encoded by or containing simlar sequences
whi ch have - been conservatively nodified. Further discussion as to how such
“substantially simlar WO 02/ 100348 14 Jul 290 PCTIUSQ2/ 18748 -22 anti bodies
can be geWertatletsibased on the partial (i.e Jﬂmgh@?d | i gFCTERNRIZA8TARr i abl e

regi ons) sequences disclosed herein as SEQ I 4 is provided bel ow.
For nucleic acids, the term"substantial.ppool ogy" indicates that two
nucl ei ¢ aci ds, or designated sequences thereof, when optinally al i gned and

GoBe] ons, 5 oSG Bl RBP bR B A anLE! fehySSaIBRPEtAD It .
90%t0 95% , @gllﬁng%ng%&eemgaséen @&elhagsaqamubs 1 9B fkopk6via&d s%wf t he

nucl eot i des. Ively, substantial honology exists when the segnents
wi |l hybridize under didremtiekeadigsythedemmal substapbaidiamalegy” indicateethabM enent

of the strand. 10 The percent  identity between two enc s a functlon
of the nunbéluc}eéﬁaql@eﬁ{ eSignalfdsy WP%S%MWW?MH"@E@] g@"‘é

honol ogy enti I [

nto acedunt ret ngnﬁ% iR a Ppregﬁét% nﬁagé{uﬁat ﬁIIS?I# hofd %ﬁ?étfgggﬁﬁgdgéé%l gﬂ%e o

be i ntroducqge iklectidles, Blalyy adedreabod H0¥R 95% andanore peefsrabfinat leastaoutson of

sequences and determ nation of percent |dent|t3(J bet ween 15 twg sequergl_(.:es can
S

be acconpl i é%é’dlqﬁﬂ 5% of thewouderitdes. aAltamgale tantig homaqlegyexists when
| t Th [
Cequences cSrEBEREaBN By RN vOG ERFRE AR g SofRIUFRE Wikobfefiiat®

package (avgj, ?ﬂ at http://ww. gcg.com, using a NWsgapdna. CMP matri x and
a gap melght 0, 50, 60, 20 70, or 80 and a length weight of 1, 2, 3, 4,
5, or 6.10The percent |'Hlmpert<;nthxh:umgebetmmtwmsﬂqegmedeas ofungtipn of theinymber

sequences can _al so determ ned the algarit, .a

Ml 1 er (ComAfiid CWMPOSBI%&PNCXE)’_‘L ngu?rfggg)e} ﬁﬁog}?l?ﬁi’s geé’é‘h n ’ﬁ{lorporat ed
into the ALI ; f | ghiPthet abl e,
2" gap 1 engt PSRaRRSiaE] bESMAR 10, akinl o dc st e ABAOTERS) BiPihe 2 e
identity 25 |eggthe€Badtvgapawhivh r&edmb beqnmﬂuee:i foanpﬂmabbétgmmnneﬂhaﬁ\NQQ t he

Needl eman and Winsch Q ML _Biol. 48: 444 1970)% ? orithm whi ch has
been i ncor poieavenges. nfle CQW@P"BF@FW@H tdﬁ@ mHatiey P antdgm{%ketween

oo 8, o SR e R g Bttt o
wei ght of 1, no?»-lnﬁmr@, examplds Hlow. -

The percent identity between two 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 ZPAM120 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” 1o perfortn a search against public databases to,

for example, identify related sequences. Such searches can be performed using the




30 The nucleic acid and protein sequences of the present invention can

- further be used as a "query sequence" to performa search against public
‘dat abases to, for exanple, identify related sequences. Such searches can be
perfornmed WORYHME WO 02/ 100348 1 4 JUL 20(5 PLCTIy Eg@/ 1874®cTrdSe2/i4d\ST and
XBLAST prograns (version 2.0) of Atschul, et al. I’I 'é) J. Ml. Biol.
215:403-10. BLAST nucl eotide searches can pg performed with the NBLAST
program score = 100, wordlength = 12 to obtai n nucl eoti.de sequences

h I h |, g id I I f . the i i on. BLAST [
cear chas. can BSe] A9 RHLAPT piogfins (Resioust O)pbalsehuL & ot 4199034, Mabelongt h
Che i nvent | on 10 o, Al TEAERSER, s ARHE, Ao ArhRE i IhE N AR Clbating

the invention. To obtaln gappe f'or—conpa

BLAST can be seare ki @¢wasdletezis i 12ad obtirthicediide sefuchces honﬁél@%&)s tDield MicfeidiCi ds
Res. 25(17): 33_89- 3402. VWen utilizi ng BLAST and pped BLAST prograns, the
defaul t par afgf dhdlegHes ofdhe ivpuien. \BLABS prelein searches caxgieasTlobedmithnit AST) .

can be used. [S) : . ncbi..nl m,ni h.,goy. The, nucl eic. acids may be
present i % \A/%%%IEI' eA%tbFOsg,rélII%%Srec_eIs?’ ‘vagef'gghg%?t? HI;I'Q'" HBinpiagid SFapences iyed or
subst anti al | oRelogoh@iothe ﬁrdiéiﬁln%zec@é?slda‘fthéiﬁbbﬁ: rﬁt?rg"lftg'r aﬁ':aijﬁé(}ﬁggﬁ%grﬁpts for

substantially pure" when purified away fromother ce S or
ot her cont aR®Mpansop purmpses, éiapped BEIAST an beutilieéd asddsaisbed inpKiicRulng al.by

standard techp] ., L5 i.ncluding_al kaline/ SDS treatnment, CsC bandi ng,

col um chron&ryggrﬁﬁlﬁlf‘%Fd‘g’rk"s‘ezﬁaI7):3@Iabe%?qzopWBF‘éBI‘BZlBB\ELéE%ﬂM Gepredknown i n
the art. See -[;6%;% . et r r-ent ol s in, Ml I

Bi ol ogy, G eeBrLfg SPu I E@E‘I%S’%"ﬁ?%ﬁ%@“‘f‘%e"f ZII(;II %%%SI%WgWi(°-%°1g§gﬁ%&The
nucl ei ¢ a0i dawbNBLsiST)aas befuséd) ESdertapeviwvinedniintnih.gshi | e often in a 20

native sequence (exceph, for nodified restriction sites and the like), from
either cDNA, genonic dfeRIIEIGasKsHpgY bscprasanbirewholeiselsir aicell lysator afdn@e wi t h

st andard techni; - Lde: ences., For.codi ng.sgquences, .t hese
it at ons, - mEof At Bufed & LA i R S 85 et iR R A iehdred pa
sequences subsiseantiaky pyreh lieh pgeGed dWayofromdithérelulaf éﬁm}gl?&ehiéeqr\ﬁthep’ J,
constant, switches and other such sequences descri bed herein are

cont enpl at edqri#BIantsgR &}, other celhwhrawicisic acidsorpretetpsemcstandard thehtiqoes, or

nodi fiedkro A i c,.,acid is "operably |inked" en it
is pl aceégi nIHSP‘IGIII?"%%%?I?’%?\%I%?r?%tPEPFE%EI}E?P‘IM‘% oLyt ¢ mﬁIS’@I%Ihé" aparqge ge
sequence. Foglectisgharses, and dth?sWeR kn8ivn R Sek SF. Ausubel, ef al., ed. Current

Protocols in Molecular Biology, Greene Publishing and Wiley Interscience, 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 substantfially homologous to or
derived from native V, D, J, constant, switches and other such sequences described
25  herein are cbntemplated (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, wheére necessaryo join two protein coding



operably linked to a coding sequence if it affects the transcription of the
sequence. Wth 30 respect to transcription regul atory sequences, operably
‘I'inked neans that the DNA sequences being |linked are contiguous and, where
necessar yWO0y19bH8t wo protein coding WO 02/ 100ﬁ£§ ﬂé JUL 2BXC¥/US02/18748

PCT/ US02/ 18748 -24 regions, contiguous and inr H @;Hrarre. For switch
sequences, operably linked - indicates thaj.the sequences are capabl e of
effecting switch reconbination. The term"vector," as used herein, is

intended to refer to.a nuclekc aci | egul e .capabl f SRAkL L NG

anot her nuclrg_glgn%ccpﬂng‘éo"&%f’%wfet%ﬁ ngsfrag]g%nf?ri SSIYJ% .SC&CE'CQSSOE’%@Y@T“\% ctor “is a
"plasm d", vihaiehtes faBilie seQuecéd dre Chpdbléloperifctink: sAMIB fecolidindlRR. | Nt 0 whi ch
addi ti onal DNA segnents may be |igated. Another type of vector is a viral

vect or, wherein additi TmaterbRveater/heansed heaseimas interued to referdoamacleia adid
genone. Certain vectors are capabl e of autanonpus replicatjon j ost
cell into W@ﬁcﬁlﬁéwﬂi’ﬁ“e"ﬁr‘“}% 8@80‘?‘& E)‘.lcflc‘f)ég‘t[‘)iéPi“ﬁ’I‘&\ﬂég% "H%S&F‘ﬁg ac
bact eri al¢ or,j.Qi o L QR ' P ' er
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genone of a Jikish additibndl DA isBiments aidydit ligatedl. tAsothezypest Vectorila Vipglr eby  are
replicated along wth the hos enone. Moreover, certain vectors are capable

t
of directi ngctqnewherpimeagiéit@nabﬁ)l%g‘emgww Ry b ligatey inde theorieal genopeg. yCentaiked.
Such vectors are refer rled t? herein as ".r econ‘gli ang.etxpr eﬁi{hon vectors" (or
simply, " expvrféﬁ"é? s copatie phayy 9“01%0‘15r{e€1é‘%?é'P8|"?a U IRt RIS ISy aresr Lttty
i n reconbi ngp{rosiied T(Eg.t"'ﬁhclﬂéi%‘i ,vgét%rsorgévﬁig 4 Pactéifal oﬁ@[%ﬂ@plﬁaﬁéﬂbﬂée%kéh&lhe

present specification; "plasmd" and "vector" may 'be used interchangeably
as the plGsnhammslismeestos). Qenvedtyrsfs gd nborepisomal mammaliakioweters) can bdie

invention is intended to includ uch gt her  forgms . of. expression vegctor

s 3c h as virdPteeia ’6‘?%6‘6@.65‘.’?3 ng)f"??&.ﬁ &SROy é‘ft@@PFS}%“ g &ﬁ&\oﬂ}? Sz,mdcﬁnere%y
adenovi ruse ; u :

Funcei ons. - TRERPLEAERAIARAAMH BEHEnkint Morbov (L ARG SRULRIERE o
herein, is dirdcangdd exprassibeiof penea te ahich theyamtiperativelydinoetdi Saci veekps essi on

vector has been introduced. It should be understood, that, such terns are
 ntended to o to hereghasy Teombigant gxpression ¥ectargh{ @ simply fexpiessipn vegiers”).

20050 4 HSRe R Shbes A CR REORIOR Sl P,

such pr ogenyformfplismids Thalet pretemt spteifidatiah, "plasihiid” @al settoctinbky bbusedar e

still included within the scope, of the term"host cell" as used herein.

Reconbi nant Rissehanggably ante glasmid pithe espahﬁzﬂr@m@mf%%q@ efrgclopnbaweyes

cells. 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 intefided 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.




Various aspects of the invention are described in further detail in the 30
foll ow ng subsections. WO 02/100348 4 'JUL 2005 PCTI US02/ 18748 -25 1.
"Production of Human Anti bodies to EG-FR The nonocl onal anti bodi es (MAbs) of
t he i nventW8#2/d¥3+be produced by a variety of ﬁ@glﬂn% ues, P@TAUGOR/18348

g.,

conventi onal nonocl onal anti body net hodol ogy e. & standard somatic
cell hybridization technique of Kohler angsMIstein (1975) Nature 5 256:
495. Al though somatic cell hybridization procedures are preferred, in

principle, Ptﬁ%ﬁu&f’o%ﬁ&'ﬁ! Eﬂﬂgﬁﬁb&&gﬁﬂi nonocl onal anti body can be
OUT \Y, luuy\.,lntz CT OATToT

enpl oyed e. g.,—v++at gtmation of B | ynphocytes. The
preferred ani mal syst erhé $onBERAA dnliBod¥INASHEST theirvBsidiHEd é&@k

Hybri doma production in t he0 nmouse is % vﬁ% V\eggﬁﬁ es}t aEﬁldsHh%edgq%t%ce u?@ 10
1 muni zat i ona parety obteshaiques, shidingienventional pioadelonal ehtibodyumethedolegy egqcyt es
for fusion are kn i n t.he t. .Fusjion partner .g.,, .muri.ne el oma
cell's) and f4€ iSE’HSf\J‘A}BrSBE’éiJ&F%@L&Pf&E%ﬂ‘@B tedhigue of %ﬁfﬁ@&ﬂéﬁ%ﬁﬂé%&ﬂﬁ{ﬁ,
hunman nonecl Ntal ' | : A0 Ak A si ng
transgenig mgc%hgg'r %@ﬁgﬂgg}%ﬁ%ﬁI?ﬁgrlﬁ%%%dgﬁﬁrggﬁ%%sﬁaggg%g?'ggrgjﬁgﬁ%splg han t he
nouse syst enothditestmiques foggodacing a@nodleh£ aneBodycahtdeainiploypd ¢ g1 or i ce,

contain a human i nmunog| obulin gene mniloci that encodes unrearranged
human heavy qc8EeNG jrapsigrmpationdgB mnhacyiefunogl obul i n sequences, toget her

with targeted nutation h | nactivate t endogenpus., and .K chai n | oci
(Lonberg, et al. (1994?11‘1&\8_%3%6%3”@%%'@% ':“higﬁgr-eg B.Rﬂ_%fbd&mﬁsdﬁwm‘{fﬁﬁ nice
exhi bi t 20 rgeWae dHEMRIRESprRAu&ion TRUSEMbAN i9h visry afleétabl'is%@gﬂﬁecmre.

i mruni zation, the introduced human heavy and |i"ght chalin transgenes undergo

cl ass swil® c Himmuzinaticngpratocelsrand sechoiques for gsotatioatod iminginizzfi fsplenogytésuforn | gGK
nonocl onal (Llanber N et.al. (1994 supra; reviewed in Lonberg,, N

(1994) Handb%&‘ﬁ“&f‘glié}é’ﬁm{“n‘éﬁ% BHSP fgg‘yé-a%?%mfs , a‘tfbﬁ)o@}dgfg'slﬂ!l and
Huszar, D. (48&Rurdstt€ERe kRE¥n, | Munol . Vol . 13: 65-93, and Harding, 25 F.

and Lonberg, N (1995) Ann. N. Y Acad. Sci 764:536-546). The preparation of
HuMAb nice is descri bebhd prefoetediemt®donéntrhunianbabooel@redl antibobesldivected. et al .

1992 Nucl ei ' R h 2Q: 6287-6295; Chen, J, et al. 993
|t er hat | oneHEHSTBRAG PegengaiPaSe FRISE O aaying(Pegs of trrommam |
Acad. ScigU Y : ; ' - t] : -123;
Cﬁgn, ; f3'15e t Siaﬁ%n%ﬂl(e%gé%rﬁéawgea t}ﬁﬂqgcz %g%ls_ygggll fRke Nahi¥ehic FRRE rkfefred 1d hdreir

as “HuMAb” mice, contain a human immunoglobulin gene miniloci that encodes

unrearranged human heavy (u and y) and x light chain immunoglobulin sequences,
together with targeted mutations that inactivate the endogenous p and « chain loci
(Lonberg, ef al. (1994) Nature 368(6474): 856-859). Accordingly, the mice exhibit

20 reduced expression of mouse IgM or x, and in response to immunization, the introduced
human heavy and light chain transgenes undergo class switching and somatic mutation
to generate high affinity human IgGx monoclonal (Lonberg, N. et al. (1994), supra;
reviewed in Lonberg, N. (1994) Handbook of Experimental ?’harmacology 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. ef al. (1992)
Nucleic Acids Research 20:6287-6295; Chen, J. et al. (1993) International Immunology
5: 647-656; Tuaillon er al. (1993) Proc. Natl. Acad. Sci USA 90:3720-3724; Choi ef al.
(1993) Nature Genetics 4:117-123; Chen, ). 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 Exper?mental Pharmacology
113:49-101; Taylor, L. et al. (1994) International Immunology 6. 579-591; Lonberg, N.



30 Tuaillon et at (1994) J. Imunol. 152:2912-2920; Lonberg et al., (1994)
"Nature 368(6474): 856-859; Lonberg, N (1994) Handbook of Experi nental
Phar macol ogy 113:49-101; Taylor, L. et al. (1904)y AC% rnational | nmunol ogy
6: 579-591WQMWEHS, N WO 02/100348 1 4 JU 20(5 P 8302/ REAAES02[18HW8 50
Huszar, D. (1995) Intern. Rev. Imunol. Vol. 13: 65-93; Harding, F. and
Lonberg, - N (1995) Ann. N. Y. Acad. Sci -/B#:536-546; Fishwild, D. et al.
(1996) Nature Biotechnol ogy 14: 845-851, the contents of all of which are

pat ont Nos. ERBILRGED. (SRREAAERERLY bl S L7 687 SRrdih ) Sha Linter, -
5,877,397, 5.NG199504nr> NOA Hcad 8ci 368336328, Flal‘mllldHD?ﬂQrJl(ZQ%)detuﬂeo Lonber g

and Kay, and GenPharm I nternational : U S. Patent No. 5,545,807 to Suranl et
al.; Inter natBrgwahnqiw i4: 365841 Nbe conienig of all @8 avhigh ase hetsby inserporated by

%398193\5 P noTeBrass Bt sffenh oY RRhen 01 s Fpteir VS, 335864 &8@3“%33?. June

10 March 19, 1992 2¢; Re531496! 9989 650,31871,39705 681i(08: 81884 Be8. 50874 THHORRPT at ed
by reference in 'théit entity. Alternatively, the HCOLZ transgénic¢ nice

described in ﬂm%anm bambdngandJKezd, and @Bﬂ’éaanénthmaannainUaS Paem Mot i bodi es.

Human Anti body_ | at | ons ener fully h | onal

anti bodi es t o> ﬁllgi“@gﬁl ’Bﬁg'lﬁh’ﬁﬁ? W%}%&%ﬁ@ﬁ’%ﬁp%‘ml ched
preparation EGRD by
Lonberg, N. gémglﬁzﬁg?gw) /?gg'éep?ggﬁégggy &émgg?%n%w Fi Shaﬂ?{?%ﬂﬁ%ﬁﬁh&?@é
(1996) Nat ur gubé 08 emﬂpm92m464£@5b%&d DedeMber TH/129B,8W0 M/@S%Bapﬁbhshed]e
mce will be 6-16 weeks of age upon the first infusiaon. For

purified b} Matcbﬂédl?%ﬁwbﬁqlquwfzb of whagh E@the&dth%PPfe@%g‘Y re EFr"F‘FPbd
from EGFR eXRB?f%m’}? Ir\w%ﬁggglh/t tr@]?ﬁaﬁg cUeflick BEMMLEE idt ﬁ?arﬁl?l%bcemlfee

I nt raperl t onea IONS usSing a puriTtl ell or

enri ched pragad&;g@@r@éhmranE(ﬁm;boaﬁg result in antibodies, mce can
al so be inmmunized wth cells expressing EGFR e.g., a tunor cell line, to

pronote i nmune responses 25 Cunul ative experience with various antigens has

shown that th tyansgeni ¢ m ce respond best when initially immnized
i ntraperi tone%’ N?b%o%a] ngmézrc]z 'f”ésen in conplete Freund' s adjuvant, followed

by every p§her week i.pTo pégeit fidly Kitgan mbRodlonad ahGbadiesab BOFRYHUMAbtrhigen i n
I nconpl ete Freund's adj uvant. The i mmune response can_be nonitored over the
course of t hecanrbeimmumizedwithy opeitfed ariennichedprenaratippPEEGFR antigen and/or cells

expressing EGFR, as described by Lonberg, N. et al. (1994) Nature 368(6474):
856-859; Fishwild, D. ef al. (1996) Nature Biotechnology 14: 845-851 and WO
98/24884. Preferably, the mice will be 6-16 weeks of age upon the first infusion. For

20 example, 2 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, mi€e can also be immunized
with cells expressing EGFR, e.g., 2 tumor cell line, to promote immune responses.

25 " Cumulative experience with various antigens has shown that the HuiMAb
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), ﬁnd mice with sufficient titers of anti-EGFR human immunoglobulin -

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




30 being obtained by retroorbital bleeds. The plasma can be screened by

ELI SA (as described below), and mce with sufficient titers of anti-EGR
“human i mmunogl obulin - can be used for fusions. Mce can be boosted
intravenodgﬁ)azﬁ\ﬁ'q:’ﬁs antigen 3 days before WD 02/ %00348 PCT/ UBORAISBZ 18848 4 JUL
1065 -27 sacrifice and renoval of the spleen. | Ftlildigxpected that 2-3
fusions for each antigen may need to be _perforned. Several mce wll be

i mmuni zed for each antigen. For exanple, a total of tmelve Huth m ce of

t he HCO7 and Myl zed nerati o br.i domas
Pr oduci ng Husnén?ﬁﬁl\%ﬁ%‘?; e:‘)n?\dav:a F%\ @ggg(@l ®s t%e’ﬁﬁeﬁd%@ﬁ'gh‘??@ ?'e"r?ﬁ VIHEERTRY he
i sol at ed andnédedse the \peiBroitid> Severnl MIESRill B&'ﬁhrﬁﬂ&z@@fdr elaélf'ﬁhtg? T*oif-’B&?n e
standard protocols. The resulting hybridonmas are then screened for t%

production od wéﬁtquwﬁlﬂg pURVLAb enigeof thedi@e7 anbiCeXntdins cani begimmurszdd.
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, CRk 15BRbraMbi BfHﬁé}%anE@Prgﬁbba%yugna‘?z' bRk Hal ARRbOHLIBISGHR2 * 105 11

flat bottommcrotitér plate two week 1 ncubation In
sel ective nedi um cont a"ll'hw mMyuO8pléraicaies Ghmbeasolieerdmid fa s with BEGae adhéusened

dia, 5% M L- gl ut gl ut 1 nM sodi
pyr uvat e, °Lw?%eg%fﬁ@?ne@sswmn%@%egﬂnﬁémﬁafﬁo|Thewun%gi?b?épms weba | 1,
50 my/ ni he AT
added 24 hourke s g s BRATNH o AMEBINSG o el o Sl sipeiielly 1 n°

medi um i n whsusperisionis ldASplesic 1appE@S s \idnh thBunizB&ihMtéjét@'fus}éﬁ'tb Sn@ kit iﬁ@n
screened by ELISA for. human anti- EGFR nonocl onal |gM and IgG ant i bodi es.

Once eété suwbwﬁﬂ’ﬁﬁéﬁr&a}rmw@e@mrﬁg meBgH mmlp@a@b&sem]é@ ‘f&b" lISﬁOhwgbr
10- 14
10 Le days. 0% rae)) SO Buagel ShRSINA APTRSp LA R RE ™

anti bodi es, followed by ahabaned ifdube8&sin devdctife RbdiunTtériaging ;io% feRd)- cxof{@e
st abl e subcl ones are then cultured in vitro toggenerate smal | anmpunts of

anti body i n SerpEs (8% 53 Leandiianed medin, S¥hergant GGEMNAL4 oM LQQ\JW atmbh of

Transfecto a0 Monocl on d GER  Hu

ant i bodi esnglt§ @H qﬁﬁ%g%{‘. or Canh pg{uggtebg B’f%%gdb%ﬁs 3&455?‘3[9@”06 anol, 50

t r ansf ect ®meurisimbpentMine 3@MpVi8l s:ﬁep&mmﬂ%o APnAigeh@ERA Aantx AN %s‘?g:h&' ques

and gene transfectlon met hods as is well known in thé art (Mrris

(1985) Sci entbe HAD & agded 94 hours after the fusion). After two weeks, cells are cultured in
medium in which the HAT is replaced with HT. Individual wells are then screened by
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).
3G For example, in one embodiment, the gene(s) of interest, e.g., human
antibody genes, can be ligated into an expression vector suclras a eukaryotic cell }

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



30 For exanple, in one enbodi ment, the gene(s) of interest, e.g., human

anti body genes, can be ligated into an expression vector such as a
~eukaryotic cell plasmd. The plasm d can then be introduced into a host

cel |, suoNO&3/180M8cterial cel | WD 02/100348 7 4 guy zpes PECTOES18MY43 - 28
(e.g., E cola and the cell can be growmn. The host cell containing the
plasmid with integrated DNA can be sel eciged and treated with |ysozyne to
renove the cell walls. The resulting spheroplasts can be fused with

imortalized cells,,.su I I f.ar - 1 . action”).
Arer fus: ofe s et ARSI YR B BaSR. dhs npiEeliesirile FEUSABTHEL

sel ect ed. T*ﬁﬁégmfealrbmr&a HRSeREted ARd treABS WeG 1955y mehb GEmeventhe kel walls.
anplified by gfow ng themas ascites or in tissue culture and used to

produce redheiesultirtg spharoplastsidab bdifesed vigeinghoralized sellnisuchhaonydenasaties to -
Ex | ntact. Anti bodi 10. Anti di ' Wth t t ti

Scpress It act oy bodes 16, A bpd s enagl, AR SFARATAGETS
and | ghES Chalreq TR é&g&&@.r‘rﬂéﬁe oo ﬁpﬁl@séﬁt:gﬂe (EHOASmACHRRh calf Menltei S '

reason, t'he amno aci equences wth are nore diverse between

i ndi vi dual  afiplified by Eréwing thaf deahtes orindistes ofltubbRsd useBeo prslac€DR sequences
are responsi bl'e for nost antibody-antigen interactions, it is 15 possible to
express recoedsinhinant humapediikedigshat ninic the properties of specific
naturally occurring anti bodi es by constructi ng expression vectors that

I nclude CDR sequences fromthe specific naturally occurring antibody

grafted ont qfr APeNekKnBORY SERRACHs 18 Bxpredl figtonitibatiies body with different
properties (see, e.g., Riechmann, L. el at, 1998, Nature 332:323-327;

Jones, Pl0 et at, 1986, Aiihadies igetacowith3aget antigeupredommantty thspugh aminggo,
Proc. Natl. Acad. See, U S A 86:10029.-10033).. h.framework .sequences can
be obt ai ned AKbIsiHe that PRI éﬁﬁ?e%x heayy ainh&gﬁgghad%f:?ﬂq’lﬁr@cgtﬁ?ﬁ'body gene

sequences. HiesfiflfE g%giéim?sl RBRE"PESI rebsofl fheGiiho B TBGUEhEeANIhiRTDRgeNe

sequences because I nc conpl etely assenbl ed vari abl e genes;
which are f0¢ e Biverde BetivdeniimtiviguallantibodiBs theh sequencesatutsde ofE8PREi ne gene
sequences Wil also 25 differ fromthe sequences oé a hi gh affl.ni t?t'
secondary r dprseuss FRR60eRNSES Ars Fespangible dormost ApBRPYY-auies B HStOns {tdB) e

regi on. ﬁ)nr r}%{é@%' t?!exax%gflte%:gmmﬁ%ﬁltd.[?ﬂﬂédi_@g fhaf iRk %@:%opehmsr&g Micin the

am no-te portio ranewor k region. For exanpl'e, somatic nutations
are rel ati vehatuialy bedieing antibodles byronsintcengexpriesgion veotors diat incdndedPR r egi on
L andn the o bo%%ﬁ'f t%g T er::?tl'lc ga%}ailogcgfm;r antibod: X rerlf%g onto fam'f:wotrlper fore,
many somat i csequences p y g YE
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 caﬁ 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 assembfed 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 sequenceof a particular antibody in

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




30 nutations do not significantly alter the binding properties of the
~antibody. For this reason, it is not necessary to obtain the entire DNA
sequencrof a particular antibody in - order to recreate an intact

reconbi narwoen21068asly havi ng bi ndi ng. properties simlar to Wac@alsddPsris
PCT/ US02/ 18748 -29- jut 20C5 those of the ori giirtwu :7%' body (see

PCT/ US99/ 05535 filed on March 12, 1999, whj,cch is he# I ncor porated by
referenced for all purposes). Partial heavy and |light chain sequence
spanning the CDR regions is typically sufficient for this purpose. The,
partial seqifvie éfﬁ’@ ogkganpl pptikady dpes Qr/%TMﬁ98FQ5éé§ dlgdren Warchald, 4993 awhiieh isi ng

gene segnent - C ' rec I ned i vari abl enes. The
gernline seqﬁ%‘%&nelgpéﬁbb ﬁag%%u%gﬁélﬁ]%dff? i @@Wﬁ%@%ﬁgﬁ%%ﬁg‘?ﬁsﬁ ari abl e
regi ons. Heaysquaniét dpadifihg SRoCDR! R26AS is (§HEMBNGTB cRREfOF HE S PR tein
mat ur ati on an%lq do not co%tri bute ?13 tﬁe§%r og)grtigs gf thgﬁlﬁional a tdi?ili)%ldy.
For this reastspwendeisiusediecietasmime which gernlive vaniablesapd poining geae ségments | eader
sequence for e ession construcis.. To add m ssing.sequences, cloned 10 cDNA
sequences Scaﬁmﬁﬁg%%adﬂ ﬁ'&de%"fhﬂn W@&Y ¥anahle,gense gﬁ?g Ingsequehge ithedr PCR
anplificatio r:natq [ | e ' - . S esi zed
2o e setof Uy FTR ik foriohFoffH vafaBHIANE MRy A R ARG

anpl i fi cati osequendes asd cleaved darihg prdwin siydiratibh Gnd 5 naldontrigé @the bespRrtielhi s
process has certain advantages such as _elimnation or inclusion or
particul ar r8ktheifial antibedy e Eor bis repronnit ismdcossans topuse thecegreespar@linggeamdine The

| eotid d |ight in .t ipts f hybri d
e used to FRUFgRanet iR PR it 35 AR RERE FsRer Bfhe co
create gynt BBNACsHueRey e BScIMhbiRed Qﬁﬂ%&ﬂﬁéti@@ﬁ%}gxgglgbﬁdé‘sgﬁi IBu6RBACI LI es as

the natural _sequences. The synthetic heavy and pa chai n sequences can
di,ffer from PR amplificationoAlematvelnghe entirh vesaiieyegiors can gsyntifesizedasa st
nucl eoti de basgs are interrupted to.facilitate | i ucl eqti de synt hesis
ond PCR anpl DY 05k posrlabbier Aol R an o mhimer B ampagcaiiop 16 reate an

i ncor por at edegGeRTsyhihetit Qadibictegfon’ doRS KHPEREess HaS Lertaln a8l dtha as
266L19867019870); and, H ndlll Sites are engineered upstream the
transl ati on eliminatian boimchisioswor pagicklr réstridtionséed) @avptimimtibn gfipartibdan

vari abl e regi(gd;()sg the optim zed coding, and correspondi ng non-codi ng,
strand selaueﬁ ®-are broken down into 30 50 nucl eotide approxinately the
m dpoi nt of the corresggadifiotieqht L IWEbIRQS,] r, each
chain, the oligonucl eotides can bg assée%%flﬁeéki%to %ver?%%&n};g %Eréﬁmea
stranded set Byhritwmaspanusdgordesign arf ovkDlApping 88t ofisghtheti¢ dBgonutltetides to create

synthetic V sequences with identical amino acid coding capacities as the natural
sequences. The synthetic 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. 266L19867019870); and, HindlI1I sites are engineered upstream of the translation
initiation sites,
25 " Forboth 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 nucieotides. 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



30 pools are then used as tenplates to produce PCR anplification products of
150 400 nucl eotides. Typically, a single variable region oligonucleotide set
“will be broken - down into two pools which are separately anplified to
gener at e WadI289@¥4Bappi ng PCV WO 02/ 100348 14 JUL4 }Q}ﬁg bD | BSTAISDS/18@8 - 30
products. These overl appi ng products are then conbi c“ y PCT anplification
to form the conplete variable region. li3gmy al so be desirable to include
an overlapping fragnment of the heavy or |ight chain constant region

i ncl udi ng the, Bbsl_sit the Kk | i,ght in, h |.site if th
Garma. heavy PEIER TS futloppg prierar M citErdunlbel aneBEnion b %oty ' can
easily be Ck&”&ﬁné{@ﬁe@&iﬁ!ﬂe? 58 SRy HES bOlesHabRlth Uedlde an'i\RriagsiARSt r uct ed

heavy and |ight chain variable regions are then conbined wth cloned
pronot er, t fiagaieat oftthe hedvyi artlighhchaionenstantt region Gingludinguhe Bhslsitapéthe kappa

Dot o Londighiihoen, orthe Heghste e ARG Rersy RPURFPABE POR wBiicalion © can be
nbi d.int i . - ; A t ed, .
copar ar oy " radtat dtf s Tl Rh Gpeini SORIPEERE boREfibfledotfREE =0 O

cel | expressing both ghgirBéonsitha@sdhetsylad lighechain eaieblé tegidm arexthegxpr essi on
vectors for human 1gGx are described bel ow. The plasm ds were constructed

so that PCRcampiriefliveith alonrsbprgmatat, transiasiopanitiaon, cehsthnt remnm, X agtrapdated,coul d
be used to reB'oHstruct conpl ete heavy and 15 |ight fohiai n .m ni%enes. These
pl asni ds caRoB@denydapqnya %ngmyﬁ 19N RGARFICEY [ TORRiCHREFON Y or

| g&AK ant i bag ﬁﬁms?'T‘He'tﬁavﬂﬁcﬁﬂgmhmrexp&sﬁaﬁas.smtce_d:aﬁ% cBrmBiea el  of

ot her heavy chain isotypes, or Tor expression of antibodies conprising

| ambda |1i0ghtsingddrescnor, coFtrassfedted, aexddl hetrarsfqoeest; onfepatately transfeétedinte hest cells

structural features, of _an, 20. human ant, - EGFR anti bqQdies of the invention,
e.g., 2Fs, M@cmgédh?%f“é?de@tfér@g&@é't‘ifﬁlaﬂxPVSSIPSIbS ttman anti - EGFR

anti bodi es that retai r]’l?sttnilg?n f"ﬁ‘gﬂf%&*é@ﬂ‘ renge‘%BSBR'}éctB{slfgpﬁum@r{‘%@Pdi es

of the invention, such'as specifica , one nor e

CDR r egi ons aaf det8beEbeldR. Thablantds weetbhaatiddsowhat PER aitiplifieddTheavaandwor k
regions and CDRs to create additional, reconbinantly-engi neered, human

anti - EGFR 2 kanpa bighticheinsDN A sequenget qouid boptsditeirergpstrict fomplstesavy and
crbod T . e R PEADEE e B R LB
framework  chimeric IgGk or IgGax antibodies. Similar plasmids can be constructed for expression
of other heavy chain isotypes, or for expression of antibodies 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 1o create structurally
related human anti-EGFR antibodies }hat 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 ICDRs 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



regi ons and human heavy chain CDRs, wherein at |east one of the human heavy

“chain 30 CDRs conprises an anmino acid sequence selected fromthe anmino acid
sequences %78 34§hown in Figure 15 (or corresponding am no acid residues
in SEQ I D NO vocand (2) human Light chain fif rk regi offSI/HH/ 18{A%an

i ght chain CDRs, wherein at PCT/US02/ 18748 WO 1@&)348 -31 - JLij loci

| east one of the human |ight chain CDRs cefipri ses an am no acid sequence
selected - fromthe am no acid sequences of CDRs shown in Figure 15 (or

correspondi Ngezit i i - 4) - . ' ni. i hody
retains the abiﬁr??é;°€tg’gé‘%aﬁ?‘§9“§%%ﬂR¢D§§%’§Bé§% ﬂ%n%%gcgée H%ﬁg%&f:g bi nd
EGFR can be daimethe amiousidmgquaicesncb DRsishown gn BBy BS (67 ¢eheqoning aminct
forth in the Exanples (e, g.. an ELISA). Since it is well known in"the art
that. anti bodfCWerggg;‘U%ﬁfa SE%H? NG nwhenein e atibedygetayns the pbility obind toy

I mportant rolgdw the binding specificity/affinity of an antibody for an
antigen, the reconbi nant antibodies of the invention prepared as set forth

above 10 [ eferably comfeimnymtﬂmmoag@b bih&@@ﬂb@&dﬂb%ﬁ{deg The

anti bodi es further can conprise the s of 2F8. The rther
can conpri se standardiipding essaysyisudhcaschasenggt fortt inehé Bxamples (e.§..an BEISAX ovi des

hurmn heavy SHREHt Bt FBOEA o ek At A Ao o b gD oML I
GRS of 58 adenicubahopalaf Sdip AL LA SR U A e TR RR oS | 0
SEQ I D NO  2pntigend theXpcombinantl angbodieof the fmativ®preparegiagRe: forth abewean | i ght

chai n CDI%I region, a humpn |ight chain CDR2 region, and a human light chain
CDR3 r egi 'On, P\?m%fﬁblyrpoemlsr%e#ﬁalwawgm1=ghtaﬁhmrc®ﬂg3se§25& The antibodipRSurtier2F8 as
hown in Fi - i ' ' i dues in SE NO. 4),
aherein 20 CHaT SR e EIEREAER e Bl Ro e g e TeBRISEE ¢ b

heavy chai n CPR2 Acandimly,itheinvigiin fahabnprobidds eft-BEFR ditoaitsichp :risiH?y('\l/[)
further conprise the heavy chain CDR] and/or the l|ight chain 0

Preferably, hR@awhegvy chaithfiamework regionsia lameanhesyy chain GIRHregsong e bumiabed

above conpri 1:N0 .aGgi d sequence(s). ose of ,2F8 (i scl osed
herein. 25 Hgg\ae‘b};cﬁl,aﬁ{ﬁg’hgﬁﬁlﬁgﬁn fqb%“'% %%&ﬁ%‘ggﬂ)ﬁfﬂg%ms&%ﬂﬁwm_ sone
devi at i ori5f r heayhehairl@DRG ré£itn $OHEEDRS o PEFRESHIRN RFIARE 35 tbEcobpdadiig | |
retaining the ability of the antibody to bind EGFR effectively (e.g.,

conser vat i vea@insaqd asidugs jn SEQ BN N @)yand (A) human light chain framework regions, 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 CDRI1 and/or the light chain CDR1 of 2F8.

Preferably, the CDR, 2, and/or 3 of the engifieered 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 othér functional Froperties of antibodies of

the invention, such as:



anot her enbodi nent, the engineered anti body nmay be conposed of one or nore
CDRs that are, for exanple, 90% 95% 98% or 99.5% i dentical to one or nore
"CDRs of M 30 In addition to sinply binding EGFR, engi neered anti bodi es such
as those WEs@¥10B88 above may be sel ected for thgir retenti FCHUPSGIRMS
functional properties of antibodies of - the inﬁé&:& /fih, such as: WO

02/ 100348 -32- 14 Jul 200 PCTIUS02/18748.331) binding to live cells
expressing EGFR, (2) high affinity binding to EGFR, (3) binding to a unique

epitope on EGFR (to eljqinate the p Ll L] . monocl onal anti bodi es
wi th conplinentary actb‘g}bf'}%i%g \tﬂné"ﬁ cggga’pérﬁésﬁ:%%%?ggﬁ on would 5 conpete for
bi nding to the sane ep@z‘)%?éhiafﬁﬂi)ry gp,ag{gi@ego}m; of cells expressing EGFR

and/or (5) nediation of "growth inhibition, phagocytosis and/or killing of
cel | s expressing EGFR?3)birtdieg toraagsquecepitoph ondaG IR {tecliorinaie thespossibility that

Characterization_of Binding of Huimgn Monocl gnal Anti bodjes tq.EGFR To
charact eri z@%ﬂm%a@&wﬂfﬁﬂ@%%m@@ﬁ“&ﬁﬂ B&s ’ncﬂ""l%‘n’@ opd i on,
sera fromi i ze ' . .for exanple, by ELISA Briefly, :
m croti teer pfﬁ‘sg{nge %F@“ﬁ'ﬁ@&h%gﬁee%ﬂf@ﬁ ed EGFR at 0.25g/m in PBS, and then

bl ocked wi th 5% bovi ngt)epsstizatioheitells sxpRBSing BGERj andsorof pl asma from
EGFR-i muni zed 15 mice are added to each well and incubated for 1-2 hours at
37C. The plates are waéheediationef pEsytivipkibitiongphagesyiopis andpekiiling of cglis

goat-anti - human 119G FEa=spegcific pol ygl onal ..reagent conjugated to al kaline
phosphat ase ?"BFesi'%ﬁcgtFﬁﬂgF" @@Tesﬁg ceﬁmieﬁgf%fﬁgl%l ates are devel oped with
PNPP substrate (1 ng/m ), and anal yzed at OD of 405-650. Preferably, mce

whi ch devel op the highest titers will be used for fusions. 20 An ELI SA assay
as descr1bedCkbavericaioradfRinilieg of Hamao Morasbmaf dntibegjes foddael t hat show

positive reactivity w jh EGFR i.nmunogen. bri domas t bi |t L gh
avidity to EGFR will b&ohesighzsbaieodhp HWFE’&@#E@&PH&&%&&% from
each hybrid i ' ; h e t £y F1akAs BrifyELl SA) ,
can be choggﬁm}ﬁ(’)&ﬁ’ %ﬂ?‘ﬁgﬂéﬂ%m‘i‘ vlﬁlgﬁ:qgg?b}e t%séﬂiﬁ}sl{%?g?l étS’- 140 C, anc]i( for

ant i body purfdretitd plates afe doatgduwiith purifisdPGBRtdt 0 BGER/miiniRB]iapd thesdllanked d

hybri domas can be grown in two-liter spinner-flasks for gg;(rﬁzgj onal, apti body
purificati orwitlsipeboninesarum albirnipdn PBS: dpilisions @f plasma fram WRURHZES § | nj ty

fggogaog%agﬁggvé%g%cgehaé%& &en SEPRRLOREs £JT12S MBS 3t 3795 CRlePIRYs arblash&d Ut ed

with PBS/Tween and then incubated with a goat-anti-human IgG Fc-specific polyclonal
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

1 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 buffer solution can be exchanged into PBS, and the concentration can be determined by
ODago using 1.43 extinction coefficient. The monoclonal arifibodies can be aliquoted

and stored at -80 °C.



el ectrophoresi s and hi gh performance |iquid chromatography to ensure purity.
The 30 buffer solution can be exchanged into PBS, and the concentration can
‘be determ ned by OD280 using 1.43 extinction coefficient. The nonocl onal
an-1i bodi 880821100348 al i quoted and stored at - 8b4 quy \Wp; 02/ 10PCTAST2/18748L 20( 5
PCT/ US02/ 18748 -33 To determine if the selected human anti-EG-R nonocl onal
anti bodies - bind to unique epitopes, eachzanti body can be biotinyl ated
using comercially available reagents (Pierce, Rockford, IL). Conpetition

tudi e in nl abel e Lon antjhqedi es a .ot i nyl ated nmonocl onal
:m;J i IboZi g:l cgnube perf?P%E&@g}eﬁghﬁéé%ﬁ%%gﬁ}%@ﬁ%@%@g@@ﬂgﬂﬂ%ﬁg@ﬁ bed
above. Bi oti Bitldabediqublepfbmed] deh ﬁﬁﬁbdggecqﬁ‘bﬁ%icﬁﬁxyléféd &iﬁcommerciallg a(\)/]gilable

strep-avidi n-al kal i ne phosphat ase pr _To detérm ne e 1sotyp
purified ant rdagente §Pieice Ryqkdord IISAL omepretiben stpdies asimgoinlabéledsnafockvnal ot i t er

pl ates can be coated with. 10 (err)g/m of anti-hupman | over ni at 4C.
After bl ocki ﬁ'@;‘ﬁ?&%ﬁ? %%E%W?Paf%mﬁ‘fl%ﬂwl aptibodies cpp e Reprmes! ‘&fﬂﬂgg{’l‘lo
nonocl onak apt] ' It ' : - arEhi ent, t erat ure
or tuo  Rous S CRELEoA plaitde deicalboch 3RO BIGARER MAB i Silbd HRREL
human | gM spedthfa strepalvidin-akaliphpls@pritaseprolnj ugat ed probes. Plates are

devel oped and anal yzed_as, descri bed above. .In order_to denonstrate binding
of nonocl onal anti bodi €8 detsrmingdhe spiype o6 pusihedaniibediesnisomrm-RLISA e be

cytonetry ca e riefly. ..cell |inags expressi R r.own _ynder
standard gr oﬁfr? r(':nt)éﬁdic{}/?lgsn%f?mﬁ?dé’t%p%ﬁs " %ﬁ%‘ic}’ﬂ@ E@Héﬁt"fﬁ%‘gﬂ‘r’@aﬂ#g

nonocl onal apg{d | oon RS LM Wit gos 0 QR m
and incubat ggérgggg?% .Fbr 1 hourF&A‘?l'ltﬂgrg/\i\%%% ir%%ﬁt?%e (e:e tse%lare regg/{rgg{fijith
Fl uor escédDn- moabebeal aatibodiésorgnirifig®isentpelvodirolsnstamtiée iaapaanenidr twons as

the primary gnti bgi)_'d1y 2(% stai nipg. The sampl es can be anal yzed by FACScan
i nstrunment ~ uBPHE TheMellnrrn Wenbe regetsd vath gthspbymar leGlorduimandgMsspsgifis cel | s.

An al ternati g f b G i Lyt i on
o or i nat cadrarebsHH oatlBRRTEIEE PIRGGRFFERIolRnd iRl o st 00
descri bed abaweeand exam ned by fl uorescence microscopy. This nethod all ows

visualization of individual cells, but may have dim nished 25 sensitivity
dependi ng on the densi {R0mer orfismonstraje hindme of rreprlonahantitiogis te live erdlst ur t her

tested f r YA ' | sterRp. bl otiting, Brief cell
extr act s Pr o et et BOAR, WS AIhB e o5 0 Bl Heff b Bupn sy 2P
(grown under standard growth conditions) are mixed with various concentrations of

QX

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-humah 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 d'epending on the density of the antigen.
Anti-EGFR human IgGs can be further tested for reactivity with EGFR antigen by
Westem blotting. Briefly, cell extracts from cells expressing EGFR can be prepared and
subjected 10 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).



subj ected to sodi um dodecyl sulfate (SDS) polyacryl am de gel

el ectrophoresis. After electrophoresis, the separated antigens wll be
transferred to nitrocellul ose nenbranes, 30 bl ocked with 20% nouse serum
and probedweitkhedshe nonocl onal antibodies to béé fesy ‘Egd HurroT/ W9 18048di ng

can be detected using anti-human |1 gG al kal i ne phosphat'ase and devel oped
with BCl P/ NBT substrate tablets (Sigma Chi Co., St. Louis, MO). WO
02/100348 1 4 JUL. 1065 PCTI US02/ 15748 - 34 Phagocytic and Cel | Killi ng
Activities of Human Monocl onal Antibodies to EGFR In addition to binding
specifically to EGFR, human nonocl onal anti- EGFR anti bodi es can be tested
for their abi I ressin
fﬁa%ycyp? R Rtk gﬁ@%&?{?]@lﬁ A%)J’«!nllgﬂzl 9!{1!1%091%* +OSE@]$'R 9

EGFR. The te nonocl ona y in vi rovi de an

initial screening pri Orln'faﬂdiln%ﬁttda Bihdiny spesificaiborl BGFR! hlﬁ'f]btymonoc]onal anti-
pol ymor phonucl ear cells (PM\), or other effector celI's, from healt hy donors

can be puri flﬁé‘lfﬂ)ﬁn@o@éﬁslcaﬂ Iy prestpalfor theisiability emmeiifate phagenytosis pndkilingosf | ysi s

Supp! ementod CHSGPISIRIR, The ISRRER: Touo 2ebPod LERTHY il wi ¢ b
51Cr | abel ed fcﬁﬂlaesarﬁmiméaeeang &toqkst rih QHD nﬁéééIQSBﬁéﬂy,?otl ; rgﬁFmﬁﬁiéa? to

tunor cells F effector cells:tunor cells)y. Purified human

can then be aeltla@MNN),\aothen sffecocenilsy faomdeslthy doredre vanbe purified Yygficalhn be

used as negajive control. A?sa s can be carrjed. out for, 0-120 m nutes at
t

37C. Sanpl es HyRAqusdensy. sorteifugation, followed by lysisiplcontamipati ¥Se into
the culture Wﬁﬁ%&'%ﬂ@é f“ﬁ% 's¥§gfd&d]1§ Wpﬂggmern%ﬂc\wﬁﬁﬁvbﬁeal Sitbfhidd

conbi nati ons w each’o term ne SIS 1S enhanced

wi th mul t1iop! detainvatfdennn anditikdbaite S Critkbebed cmu@ @le@@ﬁhg Emnm@dv@ﬁmmtmh dfi nd
to EGFR al so can be tested in an _in vivo nod mce) to determ ne

their efficaé&ffestor Wébﬂatmrn@r tohla gelipeiascals: tumgr Wlfsm ﬂgnt’wd b@nmmékBGEBm ng

pasod on"i ho 0T PRy Bepdotd y2bY R Gt Rl Fred RNt CpeRTRL

1.) binding hegdtivé@ofi@bll. s«xmpymsuenﬂnﬁ%'ax ford-) 2 inBhutad 4t ITPCY safnﬁhisaﬁilae to
EGFR, 25 3.) b| nding to a_unique epit ,ppe on EGFR (to elimnate t

possi bi l ity w@ssayed fmmtﬂlmﬂaby measubiDgi sy release l@tm&hlelcnﬁmeewpera@lamn&ﬂteﬁ(mﬂen

g;ggn: 2 afllgg?llngq%o&lgp?l cap. also be St]nﬁ Enég%ﬁbn?z{tﬂ)%ls Qaﬁth eac{'l other ?0”53[ me Qa'ﬁlthe

cytolysis is enhanced with multiple monoclonal antibodies.

Human monoclonal antibodies which bind to EGFR also can be tested in
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:

i}

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.) opscnization 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.



5.) nediation of growh inhibition, phagocytosis and/or killing of cells 30
expressing EGFR in the presence of human effector cells. WO 02/100348 14
©-35- Jul 1“%8 PCT/ US02/ 18748 Preferred human nonocl onal anti bodi es of the

i nventi on W@821¢H&8 or nore, and preferably alll,y ¢f these cPCTASIZIBTIM a
particul ar enbodi nent, the human nonocl onal anti%‘gdfﬂéjs are used in

conbi nation, e.g., as a pharnaceutical conposition conprising two or nore
anti - EGFR nonocl onal antibodies or fragnments thereof. For 5 exanple, human

anti - EGFR nonocl onal ap}.l i Vi | & erent L enent ar
activities can be conb?%’é e%n@“%ﬁﬁ%ﬁ%‘?%@r ngraé% Ogﬁﬁ' @8§Réowgqtio8§or
therapeutic more, dhdpiReEhably allf dbse oNVlerid | S parlid M4y @hbddimenteltimag @
conposition containing an anti- EGFR human nonocl onal antibody that nediates
hi ghl y ef f ecpreclandl antppdads areingpdtin cembmatipn, & feagpa plsarmaeeuicalsfoimpositioncel | s,
conbi ned with another human ant.i: R monocl onal 10 anti body that .iphibits
the growth of°RREPHRE 'é’f?p?réggﬁeﬁ&%' _n}qqoc]%pgloqu Pé‘ﬁs 8f h’?ﬁ’& thereofnE AR uman
Ani mal s Wi chy, i B ' i t her
aspect, the inv rllt’ihgfnrﬁgragvi e%@?’%@hg'gg‘%‘ia@ﬁ%%%ﬂﬁ@%@rﬁafé&’ %%P %‘g
transgeni c nactiejtieskaic be esrmbinedaba single therppersachivb uniesirédheripoid or

anti bodi es that specifical l'ﬁ bind to EGFR, h{)referabl y.wth high affinity. In
a preferred dagRshs pEeRt, AmBustraiios 9k this wenkl brumeompeRItien eontainigg an ant-

transgenic m ( ] Vi QmAri gt N Juman . heavy,,chain
transgene a%gg%@m%ﬁcﬁ(’%{ ?ngﬁggéﬁlea.g%réﬁ&gﬁe 'gm 8gﬁcﬁ’gmqflﬁﬂ$é)r}tt?’§#sc\égﬁi c
non- human aninth preséncd of effbort ¢el8 @RISRt afi@he AMBDARPEGFRURbFRLiM th a
purified or enriched preparation of EGFR antigen and/or cells expressing

EGFR  Pr 4 eramibpdy thae inhibitsshe prowth ofictilsrexpreasing&GEFR.e. g., the transgenic
m ce, are capable of producing nultiple isotypes of human nonocl onal
antibodies to EGFR (e.g., 19gG 1gA and/or 1gE) by undergoing V-D-J

recombi nati o, ?ﬂfﬁucﬁ&?éﬁ’%ﬂ%ﬁm&ﬂﬂimaﬁsﬁimﬁ WHidHCHERNFatE B anRrMbndWonaf- 9- »
classical or non- ssical : eni c
non- human anhndEGHRANtibediends to foreign antigen stinulation with a
het er ol ogous anti body @Egrto%‘re, reqtﬁi res Lhat th het er ol ogqus

i mmunogl obul i n transge B PEL A3PSHtt AT HVERKCR PN IS HFARSELRICAMN- UMD i on
correct | yst hgmahos hRangah Ofhi CRTRLY d
enbodi nent, 30 co’rr%(’:t fu%?t {&\gﬁﬁég’f E@P\gféeéraglg%ggtlﬁs hega!%l/n Iélgg%nﬂ%ﬁgﬁés%gne

i ncl udes i soanppedssihat specticallAbmdrtd iEGHR, prefembly with gégheaffinfty.t Inea prefeeredi on

are constructed so as .to produce isotype. ..
embodslment, the tra%sgemc non-humgnp animals, e.g., the transgenic mice (HuMAb

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 eﬁcpressing 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 undergoifig V-D-J recombination and
isotype switching. Isotype switching may occur by, e.g., classical or non-classical

25 1sotype switéhing.

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$o as to produce isotype

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



switching and one or nore of the followng: (1) high Ievel and cell-type
~specific WD 02/100348 ~ 4 JUL 1 5 PCT/ US02/ 18748 -36 expression, (2)
functi onal gene rearrangenent, (3) activation o nd response_to allelic -
excl usi on, WOMR/1863dB essi on of a sufficient pri mai @ﬁybﬁ%ﬁt Oi ré’,CT(%%m}é#-’dhal
transduction, (6) somatic hypernutation, and (7) dom nation of the
transgene anti body | ocus during the inmuis+esponse. 5 Not all of the
foregoing criteria need be nmet. For exanple, in those enbodinents wherein

he end i inLoc] L& At ol .
e O TOup LTS8 BB LR g, PSR ot A e ol

nsgene t" activate allelic exclusion.

Further, in ekhasieno@hedireRidmsofdifdiont findry agrgeire, (5)signakeasduction, (6)
functionally rearranged heavy and/or light chain i m’runngl)ﬁgéul in gene, the

second cri t esbmaté hypemutation] angddpdapinatian phthgdraapgencant) logusguringghe | east
for that transgene which is already rearranged. For background on nol ecul ar
i mrunol ogy, $®EWNELEPEAA¥Nt al | mrunol ogy, 2nd edition (1989), Paul WIIliam

E., ed. Raven Press, Ny didrsedinl iRk ab&Cbd eS| FortampRf fithoge. | n
certain erbodi nents, the transgeni ¢ noh- human aninmals used to 15 generate

t he human noraHogiiRéntewheleiihe gnddgenbes inmremdglabulindotiaifthe wansgenigerimal are

unrearranged or a conbjnation of rearran&ed and unlie rra 3ed t er ol.ogous
i munogl obul ifandiieash)y distpteds the teanspepeinesd agkardvatedlle ‘é%‘g HPR-ne Bt Re

transgenic i mal .. Each of .the Vi i . | ast
one CH gene. a‘ﬁ’]‘??e H&hQEfrB?ﬂts wpﬁrg"h{g’gg&/ax%%g?ﬁ&f*ggés%;%ﬁg&?%&ﬂ oéérga?lge(%er#g? i onal
i sotype swi t GhagPHERNARM invhifdLlethsindneapabicond trirvippd firotignalgeny pe
switching of a heterol ogous transgene encoding nultiple, CL. 1 genes icp t he
B-cel | s o0 t lrearrangasgetis anaeressary, ableest fonihat Hansagrfowicl inalyeady Teamaaged-whi ch

occur naturally. in the germne i munoagl obul in. | heg:dihat
serves as thelJ a bas O‘Hf‘ﬂf%’é'olet‘:gﬁgmgn%?ﬁﬁesﬁ%s——ﬁuel;—sw—@w%“gmg ik 3%32%%@? may
be derived f 80! PRSI S iMRiG E. QGC Ravér Plebie NEWE Gitfiéh Fshiadorporated Hepsieby e t he
transgene construtt (the 25 transgenic aninmal). For exanple, a hunan

transgene consfereree. that is used to produce a transgenic nouse nmay produce
Sequances si i1 ar to t HBSEHBIAMEETFNRAL FaPSEg Ao D IO R 16 Behai
TR SRR Y paERARE A Shspam e s ppsbi et o,
sequences ar eurdfarfiniged Sk tehbismegoreoiresranged ed ussagregedheterelogaesd by
conventional i%n?t?ri]ong?obﬁiy}]%g\% ar?c{ light chain transgenes in the germline of the transgenic
animal. Each of the heavy chain transgenes comprises at least one Cy gene. In addition,
the heavy chain transgene may contain functional isotype swiich 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 oligbnucleotides designed on

the basis of published sequence information relating to immunoglobulin switch region




may be synthesized de novo from overl appi ng synthetic ol igunucl eotides
- designed on the basis of published sequence information relating to

i mmunogl obulin switch region WD 02/ 100348 | 4 L 2065 PCT/ US02/18748 -37
sequences WOMYI00368 al ., Nucl. Acids Res. 15: 7365138 ( 1998y T/USiBnes et
al., Intl. Irmmunol. 1:631-642 (1989), which are incorporated herein by
reference). For each of the foregoing trapggenic animals, functionally
rearranged heterol ogous heavy and |ight Chain inmunogl obulin transgenes are

f d i ignifi f ' f th -cel | f.th [ I mal
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they are derived fromyof, éﬂ%%sdg&’dﬂﬂy SerdtNheGh nf@adiﬁﬁkgﬂg#@i:ﬁﬁéﬂtfbnheavy

and |ight chain gene segnen roma species not tonsistin

transgeni ¢ nocludeimheavynihaid trarsgericSconmriskgpBNA afcotling at teastrdrieonriable @ene
transgene is constructed such that the indiyidual gene segnents are
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t ransgeni c rfORSATTREBIONENABESINEN Ty perresgemenEerreding thedight prd beaviiichainnat e
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immunoglobulin light or heavy chain. Such unrearranged transgenes support
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 substanfial portion of the C, D, and
J segments as well as a subset of the V gene segments. In such transgene constructs, the

25 wvanous regu‘latory 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 atransgenic niouse. Alternatively,

synthetic regulatory sequences may be incorporated into the transgene, wherein such



30 i mmunogl obul i n gene segnents nmay be conbined in a transgene with a rodent
I mmunogl obul i n enhancer sequence for use in a transgeni c nouse.
"Alternatively, synthetic regulatory sequences&gay be incorporated into the

t ransgenewonizroesss such WO 02/100348 14 JUL Zc JBW{I’LESOZ/ s ﬂlﬁfﬁ
synthetic regul atory sequences are not honol ogous to functlona(f
sequence that is known to occur natural I% I n the genones of nmamal s.
Synthetic regul atory sequences are desi@ &4 accor di ng to consensus rul es,
such as, for exanple, those specifying the perm ssible sequences of a
spl i ce- accep¥Biiels fegulatory ssqusmeeseart anhlomelogoms tofa fuRctiors] Bheopdquence that is

m nilocus c ' tion. of the genamc i ogl.ohulin_| ocus having at
| east one iﬂ{ﬁgwﬁzﬁ%f ﬁn&%&ur ma{}'e geqoggqﬁ W%gmgﬁlfim}ﬂwmmc@ﬁ a
non- essent i ake déihedctdr@ihg(ts cOnsendudirGley & é&&?ﬁ[ hoLr QDR PQrtion
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preferred emPsouispibleseghencheof nspdictiaoceptdrtsite o aps@radict/caliing® moGEFdro 10
generate huggn apti badies to EGFR cont ai néﬁhat | east. one, typically 2-10, and.

someti me ample,p Milecus GpmpEsesra Roskon eEthe genemisdgunanegiphulin focusbhwing? of

WO 98/ 24884 Af pabt- iRk ar. ) ' i contai ning a.single
copy of a Iigh'f1 chain traﬂ'sedgﬁggt adgégﬁug%gmeﬁ%ﬁ%”&%&éwg? anog-,egg;pu 4 of WO
08/ 24884, amiNAlpentdif @) ingrienag seqiudnckhatrdhlor ﬁﬁhﬁhQHer%!Rﬁ?horﬂﬁaﬁ'E& {Pad i n
Exanpl e 10 of V\(P 908/ 24884, the contents of which are 15 hereby expressly
i ncor por at ed2Byalepesuginggermlipedg ocus-e bred to honozygosity for each of

th th t its. S j e t L i. t X . Si |
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hapl oi d set gf chrormso_rres} of a rearran_ged.hurnan I ght” chain"con
(descri bed 2 ‘%&Hrﬁ'ﬂ’fé conies of e thamsest d ¥d iraBdarmplddat{iVWO 28724884 (e g.,
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10 of WD 98/24884) to produce o?fspri ng that are honobzygous
del eti on anHelgiegiapirae) teserihedimExamplher] O VG 20 88dgthe cohens of wvidéh aret s. The
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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 J; segments (described in Example 10 of WO 98/24884).
Such animals are bred with mice that are homozygous for the deletion of the Ju
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 a3 described if Example 9 and 12 of WO -~

98/24884. Furthermore, a substantial fraction of the B cells wil] be monospecific with



Furthernore, they will be nonospecific with regards to human or nouse heavy
. chains 30 because both endogenous nouse heavy chain gene copies are
-nonfunctional by virtue of the deletion spanning the JH region introduced

as descri lpagloridozxanpl e 9 and 12 of WO 98/24884, Further
substantial fraction of the B cells will be rmﬁgsrfﬁédﬂﬂ“ii o vmn?‘;ﬁmr?oww 1

4 JUL 10G | PCT/ 0sS02/18748 -39 regards tqQ.the human or nouse |ight chains
because expression of the single copy of "thé rearranged human x light chain
gene will allelically and isotypically exclude the rearrangenent of the
endogenous nEEYEs to hadumaniod maiselighigdais because skpressiocafithe singRatopp of die

B-cells. 5 The tragilgeni c nq_itjsg .of the,ﬁ)referred enbodi ment w Il exhibit
i mrunogl obul FAT#HIESH fBmagx ght chain gepe will allglically gad isgtymically eaglndg the
substanti al | ) hat of a native use. Thus, faor exanple, in
enmbodi ment s r&%@é@e{n%ét éﬁﬂ%é‘é‘?o&ﬁgolfsg'm&%ﬁ%@ﬁgm}%gggwﬂigﬁgﬁlp@a% 1C3the t ot al
I munogl obul fegtibg¥ERScaMs! | range fromabout 0.1 to 10 ng/m of serum
preferably 0.5 to 5 ng/m, ideally at |east about 1.0 ng/m. 10 Wen a

t ransgene® capabl e of eTliectrarispeniansist ofithe prdfgEed embodigidnhasl] Baebit i nt r oduced

into the transgeni use,. the adult muyse ratio, of serumligGto IgMis
preferably d%‘g{m’g%@gﬁP prggduciigwity 4 sigp! '&%qtéeRWPlreﬁéeEFHchbﬁfgmlyiSirg'tlareto
i mmat ure no ) e n: -1009 referably 40 t.o 80% of
he-spl een o o priafifeflofie, THs Br e DR IRMRIG Ml e RodherditRei n. 15

The repert oigegesthavt bieelelabtyvaal tiextom iramubaglobleRvER will RaRlrelff G aBRR 1001
nouse, usually at |east about 10% as high, preferably 25 to 50% or nore.

General |y, d¢10mgdad obsrsum, preferably Htitodd miémle ideallynatiieasslabbud i.dmgfmbeal |y
1 g0, 6 i , di i nari |
on T he oo et a flpseBpd fibable of Bicfing's ischioHeP SR den b TR oeBuosduse.
ggnone. ThesgtoithenRagkaibwhduss, e hdult ouSAaliy D?Qemgg@moqgw&%&egfﬁag@mu or

more of highly antigenic proteins, e.g., staphylo cCus ~pro
Typi cal |y, tlRd.i Thedgbiodsl tatie willltie newdhi loiver mrthefrhimabury nfomse. in gastralct ed

antigens of a st .ab 107M ref bl y. at .| east, about 109M' & nore
preferably &(éa“lrrgg"é’tabé‘b‘gﬂ{’%r Brf%%\r/?tﬂ?%gltoﬁb of the pplegy and ]éfF’PS‘rQQﬁ? Breells g up
to 1013M 1 Qs(p,gggg(tcmsivelmh&gmﬂm%iﬂpnts, it may be preferable to generate
mce with 25 predeterm ned repertoires to limt the selection of V genes

representded in the antThsaagertairespidiidenllympprodimdetthatshoed inanbgeanigepe. A
heavy chai n A LARSSSNR, DAL St 1BE A G T 0ol PP Bk & e, Q0B "
least about a thousand different immunoglobulins (ideally IgG), preferably 10* to 10° or
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'M", preferably at least about 10°M', more preferably at
least about IO")M",IOI ]M", 10’2M", or greater, e.g., up 010"M™! or greater,
In some embodiments, it may be preferable to generate mice with
25 predetenninéd repertoires 10 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.
Altemnatively, 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



preferentially used in anti body responses to the predeterm ned antigen type
I n humans. Alternatively, sonme VH genes may be excluded froma defined
‘repertoire for various 30 reasons (e.g., have a low likelihood of encoding
hi gh af f i WQ2/M0348gi ons for the predeternined antigen; havRCHUSG{HS748
propensity tc undergo somatic nutation and azg'J ' ?j shar peni ng; or are

I mmunogeni ¢ to certain humans). Thus, prido- ruéaz Q'Sangement of a WD

02/ 100348 PCT/ US02/ 18748 - 40 -14 JUL 2005 transgene containing various

heavy or glgm - hisY -
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speci es of ah&pBE %mn&f‘tﬁfmlfb@fkgh@ﬂyibﬁﬂ&gﬂﬂm or BN ABdqueniting tasdemgefom am ce of
the present invention can be inmunized with a 5 purified or enriched

pr epar at i on speciEgpRorganismertheribathe dansgenisgniegbi ng EGFR as  descri bed

previously. The m ce roduce .B ¢ ich u der g via
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i munogl odul " L AatisT 6% EGPR ahfigeH 2l 6iuel 1 BfpresyindEGRR®N
sequenceogntéugﬁi&def%ﬁ&her ém:n]s %he heavy and™ |1 ght chain poI ée)ptldes are
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by somatic nutation and V region recowbinatorial joints,
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referred to as Rel n%?_ﬁﬂilﬁ(/ﬁm o iftlhind ?oeorﬁ!lhgg% Bé) ﬁnﬁ?é ERle ARboRES WHT&n

encoded by a human ene se nen unan or segrtent,  even

t hough ot herthg@eagesnd iigmcﬁﬁﬂpen@epndmmmc@de@bymumn aanspent tseqﬁéncee,mat ic 15
mutation and differential V-J and V-D-J reconbination joints. Wth respect

to such 1%unahichauayeinckida pequenesisaistivediy sepatipnatatien |38¢1§7 BR%Wach chain are

typically at |ea er.cent t he
case of heavﬂ? %’HEVW@"“ onbté'r?é wegp n%%f'hggfi F%b%gﬁ% sn?ne¥c P &xggr?gbg}x glléér}t of
the vari abl ein’irﬂﬁh(%&tﬂﬁﬁ c&ms@é@&r&ymm@mmg mgtmmg 1aamanmspcpymade on the
transgene; often or 95 percent or nore of the 20 variable region

sequences arqeenmsdadodsd bymbumareV ool Na gsag sesmen apd ééle'm‘andn of hesegmeBhisgene.
However, since n i ne se ences are jntrodyce | tation
and VJ and VBFOt E?Wﬁq‘rﬁﬂlrt'f?é’ “BTeAC SRR énaé(ntfq BEHine8® ?S?'H?)trféému% ly have
some valjk ab}nﬁta&i%a'aﬁa dSESHRNE §5] hRNY-D 9SecdhSiauesH j|ant§ oM iHAfREpecE®isuth

sequences) which are not encoded by human V, D, gene segnents as found
in the humanhmmamssgmnm(csa)mlqulthéht?ﬁargbhmegms of eaqhechmrba,rc typiealky it Jepst &),
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segments; frequently at least 85 percent of the variable regions are encoded by human
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 VDJ 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, 2B, or y3) and a human sequence light chain (such as
K) are produced. Such isotype-switched humari sequence afitibodies ofien contain one -

or more somatic mutation(s), typically in the variable region and often in or within about




known to cluster. The human sequence anti bodi es whi ch bind to the
. predeterm ned antigen can result fromisotype swi tching, such that human
.anti bodi es conprising a human 30 sequence y cp?in (such as yl, y2a, y2B, or

y3) and a R{gp uence light chain (such as K]/[ produ . h
| sotype- sw tchggﬁﬁgn&n sequence anti bodi es often cg ain ong%qujsﬁ%ﬁgf%

somatic nutation(s), typically in the variable region and often in or within
about WD 02/100348 4 Jul 45 PCT/USO2/ 18748 - 41 10 residues of a CDR) as a
result of affinity maturation and selection of B cells by antigen,

particul arl y 16 ubsduey@fit CDRPACOREGT ¥ 4/hits ¥RIGAUSN hd #MdigR %_fm%hfkp ge. .
These high affinity human sequence anti bodi es may have binding a nities
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to EGFR 5hu:50'°im"wptxh@“Me'r6}%qIéd@nt of the invention, these hybridomas are
used to generate a conposition 10 conprising an i munogl obulin having an
affinity constant (KA) Agother aspeasef the nvefodvpeértaifioto the BaieHg frofFddch wiiee ei n

sai d i mmunogl obulin co I ses: a.h n sequence |jght chain conposed of (1)
a light chaitf %@Fé‘gg‘{ @g&eaﬁfamtﬁ%owaﬁswﬁé%@g bemanemeapdenaliandbodies
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pol ypepti de sequence encoded by a human CL gene segnent;
sequence |fleatgmphisingae onposeglobflinchaving an df@iaity comstam (Ka) oflleast 2 eg0dM havi ng
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Cetuenbe. enchu T GE EOR oot so Tameaepanelin 6PES 1y & D I og) on and a
human JH 20 segment, ap@ufd) sﬁt%ﬁ&sﬁ@ﬂ%ﬁﬂ?‘g&%??@f;@a?}gﬁﬂi é’tﬁﬁp\t:aégglesequence

which is substantially 1dent to a polyp ce enco by a

human CH genegimdrawitig a folgpaptide kequenad whichlis gibseintially identicirada poypejtiveal
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polypeptide sequence encoded by a human C gene segment; and
a human sequence heavy chain composed of a (1) a heavy chain variable
region having a polypeptide sequence which is substantially identical to a polypeptide
sequence encoded by a human Vy gene segment, optionally a D region, and 2 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 repertoir€ 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 (Vi) 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 segifients are contained on the

YAC. In this variation, it is possible to make a transgenic mouse produced by the V



gene transgene conprising V region gene segnents which are not present in

said integrated human i mrunogl obulin transgene. Oten, the V region

“transgene is a yeast artificial chronosone ﬁ:gr@ri jng a portion of a human
r |L|2§dﬁ

VH or VL WdK)2/9el8 segnent array, as nay na occur iRMCTAUSNAEHEgenome
or as may be spliced together 30 separately by reconbi nant nethods, which
may include out-of-order or omtted V geng,_ segnments. Often at |least five or
nore functionat V gene segnents are contained on the - YAC. In this

variation, it is _possible to_nmake a transgeni c nouse l{)roduc&q b%.the. vV WO
02/ 100348 1 repertaire expapsiomihodowhergmde moyse expessespn mmypogiabulin chain, gy,
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V repertoire expansion thod, transgenic mice having at least 5 distinct V
genes 5 can the Vgepetaiteekpansor methudcransgeniaimicabavang helasst Saismet ¥ genegyenes
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expanded V SRgnBerdifRESL by Be scletiveBtelaéd by RRbmibieehietiods aivélablé®ithe | 9
transgene contalning the J and C gené segnents, the trait can be propagated

and bred i nskillegtdmisangirdesired. backgr ounds, includi ng backgrounds where the
functional YAC having_ an expanded V segnent repertoire is bred into,a nouse
germine having a dif®8f¥ F"Fﬂh‘ﬁ’ﬁﬂerf‘a"’leﬂ‘éﬁS%@‘WF#‘BI%"W&\%H%MYACs
havi ng agy ex ing g k53 rEBNbOGnAIRndt Br&eft i B Mulgisy t ©
wor kK wi tﬂ)a ‘Eg%qfné%r%@ggﬁyfwaﬁﬁeﬁgfrﬁumn [ trgnsger%eg. Kt ough
referred to IparfsgenecoXRnihg ieIepddSgerruemeits,ahs gaitean bb propagdted and bedi nt o
the genone may substantially |ack yeast sequences, such as sequences

requi red forintouothergenatic bagkigravads, dncluding backgrounds wheegythe fersdiopdlyYAGpt i onal | y

be renoved enetic engjfeerin e.g., .restrictio [ L]
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of humani$emegnent iepemoicgmap bt bredartorasgrsinding to wotluweh athupeni g ¢ransgenef@geni ¢
nouse having the human | g transgeng(s),.and optionall havi n
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transgenes when integrated into the genome may substantially lack yeast sequences,

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.é., 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 Vyand Vy

25 gene segménts 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 afe contemplated which have ~

been classified in four categones:



25 gene segnents may be present on the YAC. The transgeni c nouse may be bred
“into any background desired by the practitioner, including backgrounds

‘har bori ng ot her human transgenes, including hggan | g transgenes and/ or

t r ansgeneswangerh ot her human | ynphocyte pr otdi The invention al so
provi des a hi gh a?fﬁi nity human sequence i nmunog| ogz?cijn pr ocRfcEHHS(18248
transgeni ¢ nouse havi ng an expanded V region 30 repertoire YAC transgene.

Al t hough the foregoing describes a preferr&d-enmbodi nent of the transgenic
animal of the invention, other enbodinents ate contenpl ated whi ch have -
been classified in fourl Tatrageni¢ asimaWRANAiARL I &infeatidh &ﬂ(eﬁvﬁ%ﬁ}-@% .48
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gene) have b&EHLIENBURRSM WpsgEpRpdslgous reconbi nation (or other method)

and | > 11 > 111 >V r he endogenous. Li.ght chai n. genes have not been
knocked out and nust \Qﬁggdgrrﬁ‘t"ﬁgft“é%"’%&agl%ﬁ*‘ég%m@gg%hcays ang rear@nggsclightti c/
Ml ti speci fi imiuheglobelin ifrisgbneBi Nd to EGFR I n yet another enbodi ment of the
I nvention, human nonocl onal = anti bodies to EGFR, or antigen-binding portions
thereof, can be derivaQfzkescontepondsad ttansgemioimimgl, kst feoralord@logcul e, e. g.,

anot her ptide or protei .. an Fab' fragnent) to generate a

bi speci f ﬁ@ obreﬁﬁf"ﬁeg'ﬁé%f"f’{‘]’&gﬁ{)géédﬂPJM iveherothegndogenous tight chaii getlen@r at t es
or 20 target |eggith® lgell nti body or antigen-binding portion
of the inventi fhr:)d ca% gj;m#vﬁﬁ%t | oncqufg@g}lml%?fn?lég Hs reB‘}’“@Wéﬂ?‘b@lr ofligtipl i ng,
genetic fusi methodpacblalenil] >88 siriréihe @RdSSenBhd BENY 361 It 0L e ot her
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bi ndi ng m e iMAt he dominatedehyealtelicrexelusioon i ncl udes bi speci fic and
mul ti specific

15 1L Bispecific/ Multispecific Molecules Which Bind to EGFR

In yet another embodiment of the Invention, human monoclonal
antibodies to EGFR, or antigen-binding portions thereof, can be derivatized or linked to
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 FeyR, FcaR or FeeR 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




25 nol ecul es conprising at |east one first binding specificity for EGFR and
a second binding specificity for a second target epitope. In a particular
-enbodi ment of the invention, the second targq%bﬁpitope is an Fc receptor,
e.g., hunwo PepoBi48( CD64) or a human Fca recept 1(2&?}89). TPer/ekewgiast he

I nvention includes bispecific and nultispecific nolecul es capabl e of

bi ndi ng both to FcyR, Fc(err)R or Fc(err)ﬁagxpressing 30 effector cells
(e.g., nonocytes, nacrophages or pol ynorphonuclear cells (PWMNs)), and to
target cells expressing EGFR These bispecifc and nulti-specific nolecul es
target EGFRIeSIHoasyiggsr Eereceptopmsetiated effectasicell aptavities. iguch aephagasmosis of a
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at | east one antibody, or an antibody 20 fragnent thereof, including, e.g.,
an Fab, Fab'secordbiniidg specifigtiesbisdnfbrexamyle; tie/antiFbghaneementdastomportion san be a
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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'),, 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 er al. U.S. Patent
No. 4,946,778, issued August 7, 1990, the contents of whiclris expressly incorporated
by reference.

25 " In one embodiment bispecific and multispecific molecules of the
invention comprise a binding specificity for an FeyR 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 genesencode a total of twelve

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




by reference. 25 In one enbodi nent bispecific and nmultispecific nolecul es of
the invention conprise 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 ceMmoOanioogen, e.g., EGFR In one enbodi-,ngsp@), qt[:pe bi NBCHYSESEIK i city
for an Fc receptor is provided by a human nonoc lnfgl anti body, the binding
of which is not blocked by human 30 i munggl.obulin G (1gG. As used herein,

the term"lgGreceptor” refers to any of the eight y-chain genes |ocated on
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| gG. Specific antli - ant | useful "In 10 this invention are MAb 22,

MAb 32, MAb didtind/onbthedity bidilingl i of thereoypiot akadyehusptheitbdndigg MAint Blcked

avai l able fromthe Anerican Type Culture Collection, ATCC Accession_ No.
HB9469. Ant i substaRtiallgaby pleysidiogibal)levels efgigbnt Spesificnmti-BoyRI antibedies useful ibt ai ned
from Medarex, .Inc. (Anna I o D r..empodj t t-he ,ant.i,- ECy
recept or ?Qnt We?‘?%rﬁmﬁ%ﬁ@mb %Q@@‘It’o ?"daf%rhoggc?y %rtylﬂﬁg?’;gme
15 producti o , Ll he \hOdlyurk € o, bercen

G aziano, R ﬁ’."ﬁgﬁ"%f“’.‘”‘@??‘é%%@%‘?‘@I*H‘?i‘n”& Tgéga( o AT

PCTI US93/ 10384cessioa Nd2 HBI#G0b adyi- FaRd 8iab 123, E@bl); flapmenasf dépb3Rtand can behe

American Type Culture Collection on Novenber 4, 1992 under the de_ij 9nation
HA022CLI andobtained fromMsdarxolicnifinnapgale, N 47 In other embediments; theanifey oy 1 ed

ant i body t hateehrbantsdd iSERERAEd foun i rihocona! SRERUF22 PR MO0 Y 21
(FcaR  ( GBBIhjodubtiéh &tdtHarktedizatibt 6fthé B120rtiBodbis\deraibellin Gezlartvy Rifureanl.
(1995) J. Immunel 155 (10): 4996-5002 and PCT/US93/10384. The H22 antibody
producing cell line was deposited at the American Type Culture Collection on
November 4, 1992 under the designation HA022CL1 and has the accession no. CRL
11177.

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

receptor is provided by an antibody that binds to a human IgA receptor, €.g., an Fc-alpha
: receptor (FcuRI (CD89)), the binding of which is preferably not blocked by human

immunoglobulin A (IgA). The term "IgA receptor” is intcn&ed 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. FcaRl
(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 lgA?2, 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 monoclonalantibodies, identified as .




I mmunogl obulin A (1gA). The term"IgA receptor” is intended to include the
gene product of one a-gene (FcaR) | ocated on chronosone 19. This gene is
known to 25 encode several alternatively spliced transnmenbrane isoforgns of
55 to 110 WOA2/1PBAR  (CDBY) is constitutively gxpressed onPCT/USIHISH
nonocyt es/ macr ophages, eosinophilic and neutrop ijufi granul ocytes, but not
on non-effector cell populations. FcaRl ha®-medium affinity (=5 x 107 M")
for both 1gAl and 1gA2, which is increased upon exposure to cytokines such

as G CSF or rt H. t. It ' e
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A77, which bind FcaRl outside the IgAligand binding dormain, have been

described (Monteiro, RRGaR&andFcyRIAO preferred trigperaiecertad farng)in theaawntiond
Fc(err)Rl are preferred trigger receptors for usegj n th«? I nvention k because
they are (1)besausetheraretl)sxpressed primaniy A ramuae effectereqlls, €8, JOnoRIeH oyt es,
5 PINs, cr es and dendritic .cellis.: ' ls (e.g.,
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I ncl udi ng se??q’gﬁ?%ens??@zrget ed to_ﬁt hem In ot Eﬂ? enbodiqir.re%‘tﬁs, bi specific
and nul ti spenictiate entlanced migeh présentaGon ofantigenh inaluding selEantigansdargesdiai ng
specificity which recognizes, e.g., binds to, a target <cell antigen, e.g.,
EGFR. In a pﬂ‘@ﬂérred enbodi nent, the binding specificity is provided by a

human monocl onal ant | bGAYaRl chiBaiMERe BlspbdiHE Bhd RikiiacifieriAIds dithd

speci fic anti body" as useg%lgﬁerm nreférs'to an antibody or functional

anti bodxt/) lg)r aﬁiﬁ?ﬂiioﬁ fiathe b&ﬁpﬁwﬁbiﬁdiﬂg@peqﬁﬁoity ohichf reemgnizes ceg ), bindPrap hdangeld
15 antibodies for use in _the subject invention bind the Fc receptor of, .
ef.fector cel kell antigensege EGHRchn 2 Bfefﬁﬁedl%‘@h%"%9‘“9%5’@‘%%5’%%@?@5&69n.
As used herein, ithe term'effector, cell. . n i mmune cell which is
i nvol ved in b’ﬁ@M%‘CWB?O%?H‘@gntbkwgr??itmt%ggn?fe@ﬁgﬁ%@, as opposed to the
cognitive and activatiQn ghassceRispevific antibvodyt esped hereifcrefon taaty antihodye
cells include a cell of a 20 nyeloid or |ynphoid origin, e.g. Ign?hoc tes
(e.g., B cel bosfamtiofalaslibedy fragmentribat bindsshe Fe eecepionpf effectoricelly. Prefer

o onob” S Gob s TP ROBEY L Sy PLARRD s o
basophi | s.  SQuRcels e bBanEEY RidRROBSMnRRREIcbulinFC receptors and carry out
specific As used herein, the term "effector cell” refers to an immune cell which is
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 celis and T cells including
cytolytic T cells (CTLs)), killer cells, natural killer cells, macrophages, monocytes,
eosinophils, neutrophils, pelymorphonuclear 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-dépendent cell-mediated cytotoxicity (ADCC), e.g., 2 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 FeyR1 has been found to be up-regulated i

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




I mmune functions. In preferred enbodi nents, an effector cell is capable of

I nduci ng 25 anti body- dependent cell-nediated cytotoxicity (ADCC), e.g., a
‘neutrophil capabl e of inducing ADCC. For exanple, nonocytes, nacrophages,
whi ch expVe@#2M804%re invol ved in specific kijl)ing of targBETASNYVEST4hd
presenting antigens to other conponents of t leMﬁe system or binding to
cells that present antigens. In other enboginnents, an effector cell can
phagocyt ose a target antigen, target cell, or mcroorganism The 30

unoral  act 8F EePihents SRS AL A SR £ ol a6 B bt

been found t gnideniR-agget &ged by |nterferon gamra (I FN-y). This enhanced
expression increases the cytotoxic activity WO 02/100348 4 JU PCT/ US02/ 18748
110(5 -47 of Fcy Rl - bedTarggt cedll" Isbalhgeamsaty tndegestde célhined ﬁui'tje@l(e geh human
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be targeted I

bi spect11 8 ob SR BPE Bl Peeinf sfecifey BB rBARE, M BrefBhitd SAldintne; the
enbodi ment s, tarfiR ckRigLteIFOlpresshgdr ©0trex FreRii RS EGFR. el RVpRSFINE FEFRY EGFR
Cells expressing EGFR typically include tunor cells, such as bl adder,

breast, col otypidallgriegludeotuardr gel]s, puaisasdiladder rhrens, colsini l(ldglqna)mugn,@eq:state,l ung
(non- snall cel | nd head u her R-e
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used as tar

Wi | e humnggot%&%oélgﬁl%t | Eo ?“edse% P?l%{ﬂél%ﬁg})%gﬁd&ﬂg?ﬁg&éfaéﬁ?l B( 3ﬁ§e}ga?m§:\éhycan

be enpl oyléd usedt &3qaigespe tie traatment mfilatthd peand pworiasikaespeetvelf. t_he i nvention

are nmurine, chimeric and. humani zed nonocl gnal, anti badi e Chi neri ¢
mouse- human rmonocl onal iRHs Byeare@opecl ‘é"a?aﬁ%li’ ‘Fslaéeﬁi’ﬁ%?’[ﬁ PQ?fanti #3n be

produced by gg fﬂ{%c & r@ﬂé’%dﬁﬁ?@%l %ﬁ' KMt cﬁi?gm%f leggﬁ'tl{?i 1%n afe

gene encodi ng re | a nmuri her specl

nonocl onal anﬁinboaﬁmeﬁbgﬁwhmaﬁz@memcﬂmmahfbddﬁaﬁr| ction enzyrres to renove
the region encoding the nmurine Fc, and the equival ent gortlon of a gene
encodi ng a human Fc corStmanc mougg-byman monpelenal gnbbodiesde Rbmmmléﬂd!sﬂ

B T T e

171, 496; Mor ghso¢hc@linglthe FELS BRI g &N mOERE (07 dthePBpecies) monoclonal
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 Patént 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, Stience 229:1202-1207 and
by Oi et al., 1986, BioTechniques 4:214. Those methods include isolating,



173, 494; Neuberger et al., International Application WO 86/01533; Cabilly et
al. US Patent No. 4,816,567, Cabilly et ak. , European Patent Application
125,023; Better et al. (1988 Science 240: 10 fdﬂlﬁéﬂm Liu et _al. $1987) PNAS

84: 3439- 3WAR2AMIBet al ., 1987, 25 J. |munol . 139: 3521- 352RCT/HIR/I8748,] |
(1987) PNAS 84:214-218; N shinmura et al., 1987, Cane. Res. 47:999-1005;
Wod et al. (1985) Nature 314: 446-449; and8§Shaw et al., 1988, J. Natl

Cancer Inst. 80:1553-1559). The chinmeric antibody can be further humani zed

by replacin 3 var.i ' ' tdi reect |
ot ved i n mARPUERGE Snd Siprling the REICROMG (At ER M patt o7 1Y
vari abl e r eghonsoglodolih &v vasabRWegiohs fromed ileastonecdll aipaive oa lightuhdine Soarfees

provided by Mrrison, S. L., 1985, Science 229:1202-1207 and - S‘é a el at,
1986, Bi oTecHshelurucleie agid arqws dnaenrio those skillad én thsaraandntor eyamplz/ mepbas

PCT/ US02/ 18748 . -4 ILpul at i d _expressi .the nucl eicnacid s nces

t hat encode Q&%‘“ﬂgﬂﬁ%%@ @%&ﬂ’&!ﬂgﬂaﬁﬂﬁﬁ?ﬁ Oa‘g‘i'l‘%ﬁ)f ‘é"&éﬁi-gﬁéﬂ [F%Hﬁggﬁl east
one of a :hequA%cbaiﬂgihecaﬂfnem BABSBS or f?ﬁ%rﬁé&ﬁhhé}lé&t hrC1hes be cRned 1R n known -
to those skilled in the art and, tor “exanple, may be obtained from 7E3, an
anti - GPl | bl ldpprapridieleoxpyespioadeciongStyabie hamanizethantibed esioam altern&ivBlyrbencodi ng
the chineric antibody, or fragment

alppr opri at eI reodiced by &P spbgitution Y é@?@%{,ﬁaﬁ?@%ﬁggﬁ 3%&3:933%2581 352-
i v i N . , 91
ot ol 100 Yeir GrRRIAHGED PAsSUEEY 7% suk ol Htidiy (30 P8 ) EERH) L 3 o

Bei dl er et aj41:408881040. | mmunol . 141:4053-4060. 10 All of the CDRs of a
particul ar human anti body may be replaced with at |east a portion of a

non- humah? CDR or only Abwef thsf CDRs ofprartieniar bumae gntbedy mpy he raplased witdirat CDRs .

It is only necessary tq. replace t nunber of uired for i.ndi ng of
the hunant 2B APPBIR o PR ¢ DCRY scife BRI ek o5 SHeneln ooy
any met hod, MhilialndrSCORRAN i8 offy Heeedstiff 18 GeplBcedthe nBAber 8f ODRIrQieH for COR of
a human antibody with a CDR derived froma non-human anti body. Wnter

descri bes a bindingdf tieiltimamgedtaotibedydtotthe be egpaptort he  humani zed anti bodi es of
(e present | vent1 on LUK e St QRSORS00 e, KL hony Ve o
The humaps laeﬁﬁﬁpﬁa&%cﬁﬁ@ﬁ ot DDRSM: AR a iRy USIHING COIR. 8aRkal R hde
site 20 directed nutagenesis as described in International Application W
94/ 10332 entndn-idnan antibody. Winter describes a method which may be used to prepare the
humanized antibodies of the present invention (UK Patent Application GB 2188638A,
filed on March 26, 1987), the contents of which is expressly incorporated by reference.
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 chitmeric 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 examnple, 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 modifted antibodies or altered -

antibodies.




Humani zed Anti bodies to Fc Receptors for | nmmnogl obulin G on Human

Mononucl ear Phagocytes. Also within the scope of the invention are chineric
~and humani zed antibodies in which specific am no acids have been
substit ut 80 0H088ed or added. In 25 particuITaéJUﬂoygEf er r edPOHBOTIS248

anti bodi es have am no acid substitutions in the framework region, such as to
I nprove binding to the antigen. For exanphe, in a humani zed anti body having
nouse CDRs, anmino acids |ocated in the human framework region can be

replaced with the am i I qat, the correspondi posi ti.ons in_ the
mouse anti body. Such rs}g%e_gﬁéf'ﬁz?ngﬁgéﬁéb%%&ﬁs? Blt?'?%ﬁgﬂ’/émg‘%’ﬁcﬂ"ﬁ _?S’ﬁ‘b‘ﬂ‘gni zed
30 anti bodi Gh%rﬁﬁldchﬁlaliﬁtibﬁﬁiés,'dhirﬁ@ﬁ@aﬁtﬂﬁidwpﬁﬁi hutiidi R eolies Wh cﬁ*ha_@@ no
aci ds have been added, deleted, or substituted are referred to herein as

‘modi fi ed antlieon aicslifiast by letgs rdebétingnaddimg)ioe subsvi@thipy dd0Ekof the dntibodfx Bor
PCTI US02/ 18748 -49 The term godi fjed anéi body . is also intended to, include
ant i bodi es, XamRle an aniihadyen e modifieds by elsing the cepstantgpgiop 3ad explacingqt

humani zeds angi ' | jfid y - del e1i:ng, .addi ng,
or subst |th um’l ‘h}ggggﬁﬁm\gﬁéﬁ J(;)&? Hlt@ %‘g t%%fc?%gg?}.gff gg’%'ékgmm&alfégﬁaﬁ%qlﬁﬁﬂ can be
nodi fied by affhiey bf e ahdbalyn Hranhod€@aish RRAtHIR Mesope of theInWntibin So fomgst ant

region meant to increase half-life, e.g., serumhalf-life, stability or
affinity of astlke bispgharignd mpkispasifi¢ melaculsrhas at Igasting antigersbivgwgatgiome

i nvention so | o aselgh bid eci fic and nultispecific nolecule has at | east

one antigen SBFﬂﬁEﬁ%”’r“ g‘iyg‘rfm 3‘5%%%“? ?@e?séf’n%ﬁ FePIINCHO N tri ggers at | east
ffect f tion. pBi i fd ' ifi . t
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et al. (IM8Ihaderuwsing dietdical AvhniqueSGee e dSD. 13 BBAZ)es ol PPIJNYPFEE MagiChRadIuES
(See U.S. Patent 4,474 893, to Reading), or reconbinant DNA techniques. In
particul ar, 37 H2478i580%h dpelydama peehmauesSeel . Patent 4:474.893 soReadinghwent i on
can be prep E@ B ' i he constituent binding specificities, e.qg.,
the 15 ant |ar C éﬁg%#g ®Bi ndi ng specificities, using nmethods known in

the art and descri bed InatthmlaeXsispicific #danikieedi®s Rioleculedlof Sheiiddeit each
bi ndi ng specificity of the bispecific and nultispecific nolecule can be

generated sdpniioaicon bpareparsd by sepivgatierithe songieent hindieg spegificitiasheghthedi ng
oPect T oL St SRR BGE RSB ST B s PN 8 B
described in the examples provided herein. For example, each binding specificity of the
bispecific and multispecific molecule can be generated separately and then 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-acetyi-
thioacetate (SATA), 5,5"-dithiobis(2-nitrobenzoic acid) (DTNB), o-
phenylenedimaleimide (0PDM), 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 émbodiment, the hinge




20 cross-linking agents include protein A, carbodiim de,

‘N-succi ni mdyl -S-acetyl - thioacetate (SATA), 5,5'-dithiobis(2-nitrobenzoic
acid) (DTNB), o- phenyl enedi mal ei m de (oPDM ,

N- succi ni mWRYP2/209348 pyr i dyl di t hi o) pr opi onat e ( SPOPYY] JRhd suPFSLRU I My ay
4- (N-mal ei m domet hyl ) cycl ohaxane- 1-car boxyl ate (sul fo-"SMCC) (see e.g.,
Kar povsky et al. (1984) J. Exp. Med. 160: 1686; Liu, MA et al. (1985) 25
Proc. Natl. Acad. Sci. USA 82:8648). O her methods include those described

by Paul B ' t ( _ .. RREE .
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2367-2375). Pf(ﬁf(@lju’gadoﬁpnj ugati ng agents are SATA and sul fo- SMCC, both

avai | able from Pi erce Chem cal Co. gRock,ford,, I L). When the, bi.ndi ng
specificities are anti bédieamstivelyghothiipaling sresificilies cap bgsprodsdiiadhe samgey can

be conjugated via sul fhydryl bondi f th -t ernpu | ' t he
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targets can be confirned by enzyne-linked i nmunosorbent assay (ELISA), a

r adi oi mmunoassad U(RIPajent Na@®DeahABYSO8, a bi oassay (e.g., growth inhibition),

or @ 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, 2 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 anttbody or antibody fragment
which recognizes and specifically binds to the antibody-FcR complexes. Alternatively,

25 the compléxes 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 radicactive isotope can be

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

— -

autoradiography.



20 Western Bl ot Assay. Each of these assays generally detects the presence
of protein- antibody conpl exes of particular interest by enploying a | abel ed
‘reagent (e.g., an antibody) specific for the | ex of interest. For

exanpl e, WA O0Fae34ht i body conpl exes can be defggﬂbdﬂﬁﬁlsi ng BCTUSO2AIB748
enzyme-|inked antibody or antibody fragnment which recognizes and
specifically binds to the antibody-FcR cogplL.exes. Alternatively, 25 the
conpl exes can be detected using any of a variety of other imunoassays. For

exanpl e, thel\anhing Abubsied ﬁlﬁﬁ%ﬁi\ﬂ |y | abel ed and used in a .
r adi oi mnoaway—&&@?—@'sge—/&gw Ot e, Weintraub, B., Principles of
Radi oi mmunoassays, Sev@mbfbtherla8pdtt, Me 725t tveRtifin flaflrk 02 REMAS SRLEGFRINI ques,
The Endocrine Society, March, 1986, which is i ncorporated by reference
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conjugated to a cytotoxin, these antibody 5 conjugates are referred to as
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vincri stine, dighé)thitelantiene, eaitiBingéin, acAyMy LRI, NdelfAriedediéehd), di hydroxy

anthracin dione, mtoxantrone, mthranycin, actinonycin D,
1- dehydr &0 esglusecoriaenids, peogingcistresainies bilekaine pupaanodyl, 2ret puromiycia ant iadalogs ne,

ropranol ol , _and puromyci d anal ogs. or. honpl ogs thereof. Therapeutic
ggegt s inclu ,orﬁﬁ{)gsat?x‘éreﬁgt ?F‘?rﬂ?etu@& ag?i‘,ts ’é‘ﬁl“iraﬁel?‘ﬁﬁ pet gmte(detf"’gf.‘“,“m"t olites
met hot r exat ege. & MEBIHBREE A8 W-mBRapBpiriieO JURR %in&%&%&ﬁﬁﬁé}?ﬂxﬁﬂ&ﬁﬂd&[ our aci |

decar bazi ne), al kyl ati ng agents (e.g., rrecgl oret'ham ne, 't hi oepa
chl or anbuci | decarbakzimah lableylatogragests (g, iBSNodettamtine,ahiospa cldofaGENC,,

cycl ot hospham de, . busul f an, L.br qnomanni t gl treptozotocin, mtonycin C
and cis-di chfr‘sfjpgla{aanﬁ%@“ﬁr'&t(ﬁubﬂ-?)(qﬂaﬂomv%mp)(‘%& ,aiftﬁﬂl?'?époh%ﬁi%‘éyatli%ﬁgs
(e.g., d«wnoaismrﬁérnar(.{m,rg%{;ebz&akm,omsanpz‘ Qf‘,%lnd‘é%’-‘&][:h'lgkfdié}ﬁ'm gmmﬁm&gcs
(e.g., dactinonycin (formerly actinonyc nl{, bl eonyci n, mtlhr nycin, and
ant hr anyci n ([ARE) Jisplatim), amthiacydlines {ecg. adpanbsibien formedly daursimyein) and

vi nbl asti ne An ant | body. of the present .inpvention can be conjugated to a
)doxorubncmﬁ, an(tjlglo(tllcs {e.g.,, cPactGi\nomycm ?%rmerly actfnomyc?n), blc%)mggin,

r adi-oi sot ope;
mithramycin, and anthramycin (AMC)), and anti-mitotic agents {e.g., vincristine and
vinblastine). An antibody of the present invention can be conjugated to a radioisotope,

20 eg, 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‘posscssing 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.



20 e.g., radioactive iodine, to generate cytotoxic radi opharnmaceuticals for
treating a EGFR- rel ated di sorder, such as a cancer. The anti body conjugates
“of the invention can be used to nDdlfy a given biological response, and the
drug noi e 2240088 t o0 be construed as li m ted1tjoyg! gsi cal PEHER2U4T48

t herapeutic agents. For exanple, the drug noiety nmay ‘be a protein or 25

pol ypepti de possessing a desired biologicgg.activity. Such proteins may
include, for exanple, an enzymatically active toxin, or active fragnent
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Phar maceuti ca nposition t he present ‘i nvention
provi des a conposition, e.g., a pharmaceutical conposition, containing one
or a conbinatigon of huma nnnoqLonaI anti bodi es, or antigen-binding
portion(s) acgjjtl S invention, fornulated together with a

pharmacejqical Iy acce r ' "
COoNpoSsi tlﬁons i ncl ude gt"g‘gh@l f\g{ %tﬁ{hgfﬂrgrrsﬁﬁtt RBF@%(‘ e&gyifag%)agb%?&r%?}é’;%%”s%l at ed
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Preferably, each of the, Lo . . )

' antibodies, or antigen-binding portion(s) thereof, of the present invention, formulated
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 monotlonal antibodies having
complementary activities are used in combination, e.g., as a pharmaceutical

25 compositioﬁ, comprising two or more human anti-EGFR monoclonal antibodies. For
example, a human monoclonal antibddy 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 af least one binding specificity for EGFR).”




anti bodi es or antigen-binding portions thereof of the conposition binds to a
distinct, pre- selected epitope of EGFR In one enbodi nent, human anti-EG-R
-nonocl onal anti bodi es having conplenentary activities are used in
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addition salts _and base addition salts. Acid addition salts include those
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acids, aromatic acids, aliphatic an o
salts include those derived from nontoxic inorganic acids, such as hydrochloric, nitric,

phosphoric, sulfuric, hydrobromic, hydroicdic, 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'-dibenzytethylenediamine, 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 vinyl acetate, polyanhydrides, polyglycolic acid,
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Control | ed Rdhgsistatdn, i el barecgssapystoewst, thd cRnpReid withyor codadmikister he
Dekker, Inc., New York, 1978, 5 To adm nister.a g.prrpound of, the i nv(int i on by
certain routcempannd Witk & Mmatsril fooprevent itgaRACH¥atinn, Jarexampls, the LoMpRUnd BaY o n g
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macti vat | o RpphaieEia A pRE AR e Aridh, B RumbR, PEGHARS, 81
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an appropri afiRefsta FHafihaceuttal téble dilparomeudecalive ardi dqueons buffer
Phar maceuti cal |y acceptable diluents include saline and aqueous buffer 10

sol uti onH) Lsoptivosebifosenesincivde avatarin-wiltini WatghC OF compsigniasVehas as wel | as

conventional |ipgso Strejan.et al. 8 - | ol . 7:27).
Phar maceut i ﬂPY@‘?QBE@Eﬁ‘l&B{"&S %f?%‘f"f"i(Aéﬁgg}vseﬁgorl%yng{juéo s solutions or
di spersions and steril phpRwERIRallPicckpabRxhATRO NI Wterilé Soas selutiafs or
sterile injectable solutions or di sEer sion. The use of such nedia and
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I ncorporated into the conpositions. .
incompatible with the active compound, use thereof in the pharmaceutical compositions
of the invention is contemplated. Supplementary active compounds can also be
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, micfoemulsion, 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" in the composition an agent that delays absorption, for example, monostearate salts and

- —

gelatin.



Ther apeutic conpositions typically nmust be sterile and stable under the 20
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refers to physically discrete unlts suited as unitary dosages for the

subj ects to Peysicabaidestretennits suitad as unitaraidosages fordbresubyeritniocbedueated; ¢achof

active COMPO 1gc;on6%ax(r:1§:J a%tred(gtenm rd%%gnmy o? active compound calculated to produce the
desired therapeutic effect in association with the 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 anfioxidants include: (1) water

soluble antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate,

25 sodium mctebisulﬁte, 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 (in¢luding buccdl and sublingual), rectal,

vaginal and/or parenteral administration. The formulations may conveniently be
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conmpound may - terile conditions with a pharnaceutically
accept abl e ca?ﬁ?cg‘r, anéa%aﬁrﬁfany preservatives, buffers, or propellants

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,
intramusculér, intraarterial, intrathecal, intracapsular, intraorbital, intracardiac,
intradermal, intraperitoneal, transtracheal, subcutaneous, subcuticular, intraarticular,
subcapsular, subarachnoid, intraspinal, epidural and intrastethal 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.
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~which may be required. The phrases "parenteral admnistration"” and
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I ntraperitoneal, transtracheal, subcutanedfs, subcuticular, intraarticular,
subcapsul ar, subarachnoid, intraspinal, epidural and intrasternal injection
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be 25 enployed in the pharnmaceuti cal tron he i n
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2065 PCT/ US02/ 18748  -57 These GOMposi tti%ggarr]gy 2 s'%dl\geo‘g%g%ﬁgg%ﬁ’&ﬂ}‘gﬁts such

as preser vat isptonic ageats; suah asgegars,, sodivm slilbxide) gnd genlilee iatwithe icsmgéﬁiim. dgent s.
Preventi on ofd {iesence ofd m cr.oorgg}ni.sms y be ensured both by
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i sot oni ¢ ageandgelstich as sugars, sodiumchloride, and the like into the

conpositigons. In additjon, prolonged absorption of the injectable
phar macedPi cal form mayVia the 6emReUNds 96 the mgsenhmvendonare admiristesgdias s whi ch

el ay absor phlARaSHE kR AMTRORY IRARR. SALLE bR AL AL A0 When Lhe

conpounds of e present invention are adnm’ni'ste

humans and acompdsitior fwyainiag, foe eginvsie, BDDREIDSYAcre BRIEHEBN YT & 8D%) of
conposition containing, for exanple, 0.01 to 99.5% (nore preferably, 0.1 to
909 of act3eilpgirdigndncombinayinnivitnd phamuacantigsathnagoentebletdacier] y accept abl e

cortier- eaer s, of s SO e o) ASLBAAR SELEF ot mRETERTS
T B8 | BemTeLsalncompts e ol oIS, e
met hods knov\phatr@ag%iggl Gmpositions gf the prepsent invention, gre fon‘nulated%’mo
pharmaceutically acceptable dosage forms by conventional methods known to those of
skill in the art.
Actual dosage levels of the active ingredients in the pharmaceutical
20 compositions of the present invention may be varied so as to obtain an amount of the
active ingrediém 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 variefy 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 histqry of the patient being treated, and like factors well known

30  in the medical arts.



skill in the art. Actual dosage |levels of the active ingredients in the
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Ther apeutic conpositions ’can be adm nistered wth I cal devices known in
the art. Forfoepnampbe (cdmpdaitipn@f erred enbodi ment, a therapeutic conposition
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Therapeutic compositions can be administered with medical devices
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 medicatiorat 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 knownto -

those skilled in the art.



the invention can be adm nistered with a needl el ess hypoderm c 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.
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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 microorganismis 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 practitionef” A therapeutically

effective amount of a therapeutic compound can decrease tumor size, or otherwise
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V1. Uses and Methods of the Invention

20 The composttions (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.g7 in vivo, 1o 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,
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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 auto_crine 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 cau‘se 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.
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neoplastic agents such as doxorubicin (adriamycin), cisplatin bleomycin sulfate,
carrnustine, 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 antigén 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
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of receptors on the cell surface. Mixtures of anti-Fc receptors can also be used for this

purpose.

20 The compositions (e.g., human antibodies, multispecific and bispecific
meolecules) of the invention which have complement binding sites, such as portions from
IgGl, -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 supplementéd 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 celis
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.

- — -



of receptors on the cell surface. Mxtures of anti-Fc receptors can also be
used for this purpose. 20 The conpositions (e.g., human anti bodi es, |
“mul tispecific and bispecific nolecules) of the invention which have |
conpl enenw(hézmdindeg sites, such as portions frpmjulqﬁﬁlv, - 2, ROT/US208748gM
whi ch bind conpl enent, can also be used in the presence of conplenent. In
one enbodi nent, ex vivo treatnent of a popylation of cells conprising
target cells with a binding agent of the I nventi on and appropriate effector
cells can be 25 suppl nt ed b i tion f (of0) ment.
cont ai ni ng conpl enent . WH&S’&%‘P& %go UmaR gRl éé?spg’ ﬁﬁafﬁﬁcw“fﬁlsae%ﬁﬁdl ng
agent of thegy, | rot ei ns.
B anot her  hoeies) of heaRleron cplTRlsB HR i et et s B pRenl
human anti b@cbceﬁim%}d,l wtvxth:}nehe §dope afi thelinsgaivnfare compdsitoans @snpoiing lmmanvent i on
can al so be Iysed by complenent. In yet another 30 enbodi nent, the
conposi t i ongndbodiee qu@@Fliﬁ@rﬁ)f @éﬁpﬁ%‘f CaRQ P%%Seafﬂéﬁﬂf’éﬁ’é?ﬂmpl?@%@/m948 ) 4
|

JUL 2065 [PCT/ US02/.18748 The co t

Tl sped) 1 remRRguBR e ariectf OTRED: CoB Rl Rpc T UGR SRRRER

admi ni st er eqhd RERANA{tBYAIES, HORBPEIREbr bispeefd Mol@liés. memanvelpememﬁﬁnof the
i nvention are conpositions conprising human anti bodies, nultispecific or

bi speci fi c rntibadits sutispesific ombispecibapradeaties. Oﬁhewegrwnﬂdbt complemengor
advant ageous in that e con&l enment .is located in close proximty to the
human ant i béﬂﬁ"é‘éca‘ﬂiﬂ"l nugIstared P8R Y speci fi c ol ecul es. Al ternatively, the

human, anti bodi es, -l AjssREA i sPEpESRERNEh o THEGS cERpiting i | nvent | on

and the conpl enent or serum can m ni st ered separ at Al'so within the
scope of 10t heotposinbhofe. @rlauirartahttbodps,l rmultigpecific 4l b:qunrﬁ;: mobnsleﬁ)mfghq human
anti bodi es, nultjispecific and bIS eLC]lfIC nol ecul es) mvanxio and

instructi oné“‘f%"oﬁééd Instactigns ferpyses r}FH‘é‘rca(@cfH'fﬂ?aﬁrr?o&‘aF’b% S‘Cﬂﬂsag HioPfonal
reagent suci_Q %9&}%5 Jzﬁlﬂ)tlem&{th&pgjog{ Sadddhiy AUBBMea0f thpodi es of

t he |nvent|o man a VI ng a conp enentary actirvity which

binds to an memrbﬁpegj ahﬁﬁﬁiaﬂﬁbctcgemvd@i toplefnentary dueivity rvetiicthbimes to an
anti body). 15 In other enbodi nents, the subject can be additionally treated
with an ag@ﬁttOP%mE%E@PHE@BdIS‘@C@ﬁoﬂemﬁeﬁié‘ek}m!ﬂ“ INBP® s, the expression or

ALY o O, COUR e cBSAIER o o B i
with the nmuldobsiB&i rhoduliel, @G dhhiiels el entdbitsy fRULbEBYbE or activity of Fey or Fea
receptors by, for example, treating the subject with a cytokine. Preferred cytokines for
administration during treatment with the multispecific molecule include of granulocyte
colony-stimulating factor (G-CSF), granulocyte- macrophage colony-stimulating factor
20 (GM-CSF), interferon-y (IFN-y), and tumor necrosis factor (INF).
In another embodiment, the subject can be additionally treated with a
lymphokine preparation. Cancer cells which do not highty 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, o
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



colony-stimulating factor (G CSF), granul ocyte- macrophage

col ony-sti mul ati ng factor 20 (GWMWCSF), interferon-y (IFNvy), and t unor

necrosis f TNF) . I n another enbodinent, thejguiiiect can
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addi ti onal with a |ynphokine preparation. Cancer @@frﬂésom"éﬁ do
not highly express EGFR can be induced to do so using |ynphokine
preparations. Lynphokine preparations can -o#use a nore honbgeneous
expression of EGFRs anong cells of a tumor which can lead to a 25 nore
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formation 1§ forowbpn bﬁt“t‘ﬂstl\mﬂawmﬂiecmparb@ﬂythgICOpmltSIaumlet isemd;gauvealmprﬁm
The forrratlonﬁggﬁ?_. rtrpl ex Q"S the[o1F detected, wherein a difference conplex 10
f ormati on bet frantigenyl WeSAMBr ed to the control sanple is indi cative

the presence of Eﬁfalraﬁlﬁd@@r@mHbdhhansmm\%nubﬁlRﬁw.dés a2N&thb& ForeRRegh

the invention provides a nethod for detecting t presence or quant y| ng
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det ect abl e marker t Ty areas contal i ng expr &5
marker; (i1) exposing the subject to 2 means for detecting sald detectable marker to

identify areas containing Fc-expressing cells.
The present invention is further illustrated by the following examples
which should not be construed as further limiting. The contents of al! 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.
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The present invention is further illustrated by the foll ow ng exanpl es

whi ch should not be construed as further limting. The contents of all
figures and all 20 references, patents and published patent applications
cited thr W@RYUAhi s application are expresdlyJiindby por at BaTABLRIBTDY
reference. EXAMPLES Materials and Met hods 25 Antigen: Transgenic nmice were
i muni zed with the A431 Human epi dernoi d_ggarci noma cell |ine (CRL-1555, Lot
203945, ATCC Manassas, Virginia) and with soluble epidermal growth factor
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Cells for imunization were grown in DVEM (see above) to 10 conf | uence on
T-75 cel | cuind@-angreapigethanghdnlyer e harvested with Trypsin EDTA (Cel | grow,

Cat # 25-053-C) solution 5-10 m per flask. Cells recovered fromfl asks
were resuspended in 50 m of conplete nmediumand then washed by three cycles
of centrifugald RPIhAYARaln: a@Eﬁlsr 3% iamanBaton WerlrBvnGh DMEM (sBe Eﬁﬁel{\‘l ce
were injected— wtihh T xt0O7 cells suspended in 0.5 ™M of sterile PBS. 15 EGFR
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on the date o sion ce t produce he sel ect
centnfuganon (1000 G) and resuspended in 50 ml of sterile PBS. Mice were injected

with 1x10’ cells suspended in 0.5 m! of sterile PBS.
15

EGFR: Soluble EGFR was mixed with Ribi adjuvant (Sigma, M 6536) in sterile PBS at

a concentration of 25 pg EGFR/100 pl. Final tail vein immunizations were performed
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)++; (HC07)11952 +; (JKD) ++;
(KCo05)9272 + genotype (see Table 1). =

Table 1

Genotype Data*

Born

20241 ’Male 9/21/99 ICMD++ (HCo7) 11952 + JKD) ++ (KCo5) 9272
0242 Male (9/21/99 [CMD++ [HCo7) 11952 + KJKD) ++ (KCo5) 9272

20243 [Male 9/21/99 CMD++ YHCo07) 11952 + [JKD) ++ (KCo35) 9272 |

25

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

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




hybri domas were mal es 6-8 weeks old of the (CVD)++; (HCo07)11952 +; (JKD) ++;
~ (KCo05) 9272 + genotype (see Table 1). Table 1 Genotype Data* ex orn enotype
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parent heses, followed by |ine nunbers for-6%fandomy integrated transgenes.
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hybri doma 5pr oduci ng n225, a nouse | gQ&xa anti-EG-R anti body, was obtai ned

from American Type Culture Collection (ATCC, Rockville, MD, HB 10 8508);
i rrel evant htﬁﬂﬁ%’ﬂl’@ﬁ Tho fojllewing anti-BIC RO sbyerabahinigo asd & 6iso:F8 (also

[ I nt tih X l,.uor,escei n_.i sot hi nate (FlITC) -conj ugated
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cell lines goatanti-mouse IgG (H+L) which was used as the secondary antibody for indirect
immunofluorescence (Protos, San Francisco, CA), FITC-conjugated F(ab’), rabbit-a-
human IgG (DAKO , Glostrup, Denmark).
15 The 2F8 hybridoma was cultured in DMEM (Gibco BRL, Life
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 j)uriﬁed 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).




20 were kept at 37C in humdified atnosphere containing 5% carbon di oxi de.
Humax antibody was purified using protein-A affinity chromatography
“followed by size exclusion on a HR200 col um (Phar maci a, New Jerse s Mouse
ant i bodi eWO2f189348yri fi ed using protein-G chromdtdigriishy f AGHEURE/BISsi ze
exclusion on a HR2Z00 colum. The purity of all antibodi es was >95% as
determ ned by dodecyl sul phate 25 pol yacrg8am de gel el ectrophoresis

(SDS- PAGE). F(ab') fragnents were made via pepsin or p- nercapt oet hanol

treatment fo [ ment s
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streptomyci %f50 I Benl illin, and 4 MM L-glutam ne (all G bco BRL). WO
02/ 100348 1 ¥gpca B¥lis02/ 18748 -68 As the cell's grow adherent they
were detaghed by using trypsin-EDTA in PBS (Life Technol ogies, Paisley,
Scotland). In tunor nodels, the cells are always used in |og- phase. The
cells are tchisath Fr@bedairabSpleE@-‘wEérenwpmisslilphamaﬂedrfrompﬂmhI}ecmhnmﬁmﬂimiae,i on

before each experinent. 5 Fusion Procedure: ens re asepticall
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honogeni Zatlm(}rﬁog’tnuaﬁghlqan g[,ggjﬁ%rrmua iff9AM 10 Cells were centrifuged at 1000
g for 10 mnutes and the red blood cells in the cell pellet were |ysed by

suspendi b t he spI een €ells wers| deatrifugedsit 1009 g foe E) mimwesoand the redNplped cellsin 2- 5

m nutes. The,cel th th,20 F Ihf d at
1000g T or ' 10eerpEIS WFEIHEDx Stspendin e b st ot B Sk R pr1 G .
tubes. Spl eeguge Hmafnﬁluﬁms‘d Onﬁ&ﬁlrh&w&rtﬁeﬁMemm%myoﬂanaycles of

15 centrlfugatlon at 1000 g and resuspended in 30-40 m of SFM After a cell

count, spl eecenarifiiged/atl 0Ag der 10sminaites. Myedomaicelds were hapvested intog0iml
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was done 9y @éilxﬂ-'lﬂg%tior?atrfb ogfanﬁ"%é@ﬁénu&amd 20 3 %6FR1.7181) drop wise to the

cell pel et over secon s ~and
After a cell count, spleen and myeloma cells were mixed at a2 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 m] SFM drop wise over 2 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 arFadditional 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 ul/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.
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20 gently mxing the solution for 75 seconds. The PEG solution was slowy
diluted by adding 2 m SFM drop wi se over a mnute. This was repeated with
“another 2 mM of SFM and then the solution was allowed to stand for 1

m nut e. TNEO 841MWB#%N was then slowy diluted with arradditipeBUs®isms of SFM
over 90 seconds. Cells were centrifuged at 1000.' gr{ﬁnd for 10 m nutes and

resuspended 25 in 30 M of HAT nedium Tge_fus hilBl5was diluted to
200-300 m in HAT suppl emented nedi um containing 3% Origin Hybridonma d oning

Factor, and ese% into 96 well plates at > 200 |/well (-10-15 i

pl at es/ spl eeﬁ}% {1l pl ates were exam ned after 3-7 days for

hybri donas. P! ph@shie bafERE sall ﬁ@%gso g Githast CWarfuale Epoppgyl n each
well with fresh medi um supplI] e(man ’edmvl\%th 3% Or1 gl n. fgpﬁgtﬂgg vver%s%o fed
every 3-4 d&§i43@0i8r08abt Bigmai R BET Medi um WO 02/ 100348 PCT/ US02118748 14 JUL

2065 -69 EL| ts: 1. Phosphate buffered saline (PBS), D PBS without
Ca and My, FycPB GabBufie)cFidchrapme PS% Tern20sEma B 1BS T (wash

buf f , B i O 0o % PRI P- . PBS T pl | % BSA
P S5 P B R SRISTATR B VR el i
ELI SA pl at epuffggnc | nuno-pl ate F96 Maxi sorp 442404. 5. Anti-human |1gG

y-chain specific antibody, Jackson | munoRresearch #109-006- 098. 10 6.
Al kal i ne phdspifakSasplajesdnecdlnaiwt platgtFosHaxisorp 48R404 specific 1gG Jackson

| muno Resegrch #109-056-098.. An alternate is to use alkalin haosphat ase

| abel ed ant MH“R"?%QQWS‘@ spgpfc a'?‘.‘g‘?ﬂeyké"}‘ikﬁ‘é“ IEWBE é%aé‘ﬁ] @tﬂ?r@é—
anti-human Ig@ , or 19gG3, Southern Biotechnology # 9050-04 & 9210-04, for
use in isotype specific ELISA. 15 8. p nitrophenyl (pNPP), Sigma N2765, or

Si gna Fas} téabARalifé phd¥pHatd42. labdled GORRANBURRAANAL- Ehath Sheeifid RG, Mo PPL i ONS: A,
Di et hanol am ne buffer: x 97 m of diethanol am ne, 'Sigma D 2286, plus 0.1g
MyCl12. 6H20 drmanigeoR eseach AIE9-956-088j daitaltermateis! to osealBalimedphedphatase flabeked vol une

';ﬂo 1.0 L vm;nt}_h[amamn/aé’esrigmé%dﬁ)lr}‘e 20 ngy tablet of pNPP , Sigma N 2765, per 20

7. Alkaline phosphatase labeled anti-human IgG1, or 1gG3, Southern Biotechnology #
9050-04 & 9210-04, for use in isotype specific ELISA.
15 8. p nitropheny! (pNPP),Sigma N2765, 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, 6H20 and 800 mi 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 IgGl k,
Sigma I-13889.

14. Automated ELISA plate washer: Titertek MAP C.
30




20 di et hanol am ne buffer. B. Sigma Fast pNPP Tablet Set, Sigma N 2770:
‘Dissolve 1 buffer tablet and I pNPP tablet in 20 mM H20O 10. ELISA plate
reader with 405 nmfilter. 11. Epidernmal growh factor receptor (EGR),

Si gma E 36%ig oBigosdsn | abel ed EG-F 25 (EG--B), | ecul ar Pr obPET/BSRMIR748 12.
Biotin label ed anti EGFR MAbs or -human anti bodil ds{U{128(5 Nonspecific human
anti bodi es for negative controls, or purifiwgd human 1gd K, Signma 1-13889.
14. Automated ELI SA plate washer: Titertek P C 30 W 02/100348 1 4 JUL
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positive contro ure mediumas a negative control. Plates were

i ncubat ed §- 2whre iadubatdnt idaenPemaivtéseanddssedl ofaetl calties supernptanswhsddited to
| abel ed anti-Human x anti boplé (Sigma A-3813) 1:5000 in PBS-T plus 1% BSA
was added. Pl|ELEA plateweliceulthadewvallsin pachaplateangludad withisG as a pesitivieantig! 4
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verify that aptjg1BEERB00eR PRSI pius IPEBEAI wa dddedi PitdsovdrEidubiiad forNhei ator p
pl ates were coated with 100 |/well of EGFR at 0.4 g/nl_in PBS overnight at

AC or for 1@ hrooat temperaturenyeshsd értines iplacplats washer, ardpRiBP isubstiate: was add

sl les on the PhEstres P oA il aal ShonpareSts g b RS BORB Husy o

| oadi ng sanplﬁﬁtelgdé,l;iohs of sanples to be tested were |oaded in PBS-T plus
1% BSA. Supernatants were diluted a mninmumof 1:3 in PBS-T 1% BSA for
| oadi ng

ELISA Procedure for Testing Specificity of anti-EGFR Human Antibodies - Direct
15  binding of Antibody to EGFR Coated ELISA plates: To verify that anti-EGFR
antibodies specifically bind to EGFR, Nunc Maxisorp plates were coated with 100

pliwell 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 pl /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. Supematants were diluted a minimum of 1:3 in PBS-T 1% BSA for loading
into ELISA plates. Samples and standards were loaded at 120 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 y specific

25 antibody at a 1:3000 to 1:5000 dilution was added. Alternatively, alkaline phosphatase
labeled anti-human x 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 antji-EGFR antibody binds to EGFR and .

additionally blocks the binding of biotin labeled epidermal growth factor to the




into ELI SA pl ates. Sanples and standards were | oaded at 100 tl well,

- incubated for I hr at roomtenperature, and plates were washed three tines
in PBS-T. 100 gl /well of PBS-T M BSA BSA containing al kaline phosphat ase
| abel ed gomO oaneaskinany specific 25 antibody af 4%%:2 00 t oPCT/HR0M18048 ut i on
was added. Alternatively, alkaline phosphatase | abeled anti-human K can be
used. Plates were incubated 1 hr at roomtenp, washed 4 times, and pNPP
substrate was added. A absorbance was read at 405 nm ELI SA Procedure for

Testing Specificity of anti-EGR Human Antibodies - ELISA 30 EGH R
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at 0.4 jigl/ overnlg or for erature.
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t yrosi ne ki nwseaddetlj and absobaf@RRas nerdbaD5inms a non bl ocking MAb that binds
to a ca;ﬁghydrate resi due of EGFR. Pl ates were coated for at least 2 hr at
roomte rature, or overnight at 4C, with 0.4 pg/m of EGFR in PBS and

washed 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,
ABS5 and 29.1. MAbs 225, 528, and ABS5 block EGF binding to its receptor and inhibit

20 in-vivo endogenous tyrosine kinase activity of EGFR. MAb 29.1 is a non blocking
MAD that binds to a carbohydrate residue of EGFR. Plates were coated for at least 2 hr

i 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 ul/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 MAb. 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 %
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biotin | abel ﬁﬁlal%gh&%{rgﬁbn §f &Mﬂltmg antibody was approx:mately 0.1-0.2 pg /ml. Plates

were incubated for 1 hour at room temperature, washed, and 100 pul/well streptavidin

alkaline phosphatase (1:2000 in PBS-T-BSA) or Alkaline phosphatase labeled goat anti-

Mouse lgG 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 10

EGFR molecules/cell.
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25 factor (EG--B) to the Epidermal growth factor receptor (EGFR). This FACS
-based nethod uses the human epidernmal carcinoma cell |ine A431 which
expresses about 106 EGFR nol ecul es/cell. 30 WD 02/ 100348 J g PCT/ US02/ 18748
MCl -73- Mewerorabessgor EGFR FACS assays: 1. A431 cells (ATCC

confluent in one or nore T-175 flasks. A 431 czlﬂ.&f[ e cul tﬁ%ﬁi’?ﬁa‘ém
plus 10 % FCS. 5 2. Trypsi n-EDTA solution, Sigm T- 4. 3. Biotin |abeled
EGF. Prepare a stock solution of about 5 g/M  use 10 41 / well. 4. Round
bottomed 96 well plates. 5. PBS, sterile. 6. PBS plus 1% BSA plus 0.02 %
sodi um azi de (FACS buffer). 10 7. PE-labeled Streptavidin, Sigma S 3402. -
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treat nent. MedieumltbredrmtDMEM plsUDBUFES | ask was renoved and fl ask was

rinsed briefl ith, 10-20 m. sterile PBS or 20 HBSS. 5-10 ml of trypsin EDTA
was added nd¥f WM‘WA&QZMQQPW Sigma R84t or for a few minutes. As cells

began to detaghgf tic surface, 10 | pette was used to
gently syri ngg‘ ﬁ\@ﬂ@gfﬁ@?d Eﬁﬁfﬁ%ﬁfﬁﬁé&cﬁé@ﬂw&&b@% Hemhaiseddgd/ welli ngl e
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50 mM tube with 20-30 ml of cell" culture nedium (wth FBS), centrifuged for

10 min at 1000. §BSastdri®S5 washed twi ce by centrifugation and resuspensi on of
cells in cold F?gﬁrpgufloer. Cell solution was filtered through a nylon nesh
to remove cel P 4s L HSA pps$k02E) pdiost ande FAGS duffqni pped for this).

Co 5 x 108l LEApBeIe bRE AT ialh%s 300 Pk I B CS B 06T o
8. PE-labeled or FITC labeled anti human IgG, FC y specific, Pharminigen 34164X,
34165X.

)

9. Low speed centrifuge with swinging buckets and adapter for 96 well plates
(Beckman).

15 10. FACS
11. BD FACS tubes.

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 trypsi}n 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
ZO—BQ mi gf cell culture medium (with FBS), centrifuged for 10 min at 100¢ 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 ceil 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 wel! 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
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of I .tg/m 1n wells mcrotiter plate (G einer, Frickenhausen,
Germany) was used. After blocking the plate with ELI SA buffer

(PBS/ 05%ween 20 and |%Ch| cken serum G bco BRL) at a concentration of
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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% c}licken serum (Gibco BRL))

at a concentration of 100 pl/well, monoclonal antibody dilut;d 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  before 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




30 before adding 50 pi fully human anti body. For determ ning human 1gGin
nouse serum - ELI SA plates were coated with rabbit anti-human kappa, |ight
chai ns (DAKO) overni ght WO 02/100348 JUL 2005 PCT/4U@82237¢‘?8748 -75in PBS in
a 96-wel | VBt er plate (Geiner). After bl ocKi e pPETAISOI/IST4ELI SA -
buffer (PBS/.05%ween20 and 1% chi cken serum) 100 pl/well, nouse serum
diluted in ELISA buffer was added and incghated for 1 hour at 37C. The

pl ates were subsequently washed 3 times and i ncubated with peroxidase

| abel ed rabbit ab' 5 .fragnment s .antj, hunman AKO), fqr, | . t 37C
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Phosphoryl at {Biotek) ap4 EsumSub- conf | uent cultures of A431 cells in 24-wells

plates (NUNC, Kanstrup, Denmark) were treated overnight with | ow serum
conditions (0.5%. 20 Different antibody dilutions were added to the wells

and i ncubated,for 30 nin at 37C and 5% ca ' [ I

Sl ot o kS eyttndtty) £ GER Bherthise@dihe (R APLIRCHE RLDGeq ST MAWTF30 o
mn at 371G apin@® #APEOTHs Werdihastet thre@ Gied ¢ phospRdte bRffefedrsaineds descri bed
by Tomic et al. (Tomc et a!, 1995) using 100 pl of lysis buffer per well.

Fifty (err)l sufplemanedwith 1&btboaine saren albamyry Rbche) LOhtepgdeACpunierd 25
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Rocky HiIl, NJ) Sub-confluent “cul tures 431 cells in 24 well “pl ates
(Nunc) were amntgmided Witk ragaghto inkibition expesments) the déllsmvére psédncubated wabibts: wer e

added in a fixed dose of 10 or Q,30 g/m and incubated as cribed as
above. THS c@’ff&ﬂﬁé?‘é‘ I&mmyrcét%giaﬁﬂsawpﬁsw&r%%?wﬁﬁmﬁga@ a.. Cells
were treat edagg, oaYeer (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. Celis 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, | 955) using 100 pl of lysis
buffer per \yell. 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.



1 4 JUL 2005 WD 02/ 100348 PCT/ US02/ 18748 -76- In vitro Cell Gowh

I nhibition: Cell growth inhibition features ofy )j %i @Esuuman anti bodi es were
eval uated with a non-radi oactive inhibition assay. tefly, 100 | of 2 x
104/ M Adb elohsuswas added to flat-bottonmed tissue cul tur ePEI/HSGS8243d
placed in a cell culture incubator. After 2 hours 100 | antibody dilution
was added and placed back in 5 the cell cyfture incubator. The cells were

i ncubated for 6-7 days, supernatants were decanted, and 100 gl 0.25%

gl ut aral dehyde in PBS was added to_each ILl... Af t i nc i,on for 45
m nutes at raoitre Salh&irawih nhibidone(Ce gWé’\\ptE IMEH@H%%“ PﬁE@{WW‘PP" -
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m nutes on a plate sha Absor bance was neasured with a mcropl ate reader
usi ng a 550rvulthid nCubatért A feer @Ibuns 166 el antibedy Hilutiar wad addeiand placed bagkasur ed
in triplicates. Percentage of relative cell_pr Iifé]*]gtion was determ ned by -
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hepari n- ant i gamoVAtes 80pbbord cratal vivleris demy-erater vascalded gncidlicebated fuirt1&r
centrifugation, 20 effector cells were harvested fromthe int erph%se and the
renai ni ng ermirutescy tasn wemperatnsoiier washinggbe phitetwige with degrieirpthe plates

] d h i f. isal '
Pl Gher o han wereievalnged v AP ot ik o RippleR B Al Sakeh, MBpdibantes
excl usi on, %ﬁfﬁlg%%re?ﬁ%h 25Tt R auSising % 5 SGHR Eiltey with afa50hin referemte

antibodies to lyse tunor cells was evaluated in 51Chrom umrel ease assays
(Val erius, efiltal Infib#ida)is Bleanned Briphicies Rrcentags| ofrelativarealbproliferationsvasod

cells were used as effector source. In brief, .t r..targe X | ncubat ed
with 100 G u@%@&’mf’%ﬂbx &U“ﬂ%? 93V§\Tatg§?€ r alm”gé:rﬁ%smﬁﬁ%agc &f%ﬁ%u‘l’lﬁjreu ‘
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pl ates 30 contain | sol ated effector cells and sensitizing MAb in
di fferentts caddedntheatimesd0dnd diluted in culture nmedium The final volune
was 200 Al and the effector to target cell ratio (E T) 80:1. The assays
wer e i ncubated overnight at 37C and

Effector cell isolation: Peripheral white blood cells were isolated by a method slightly
modified from that described in Repp, et al. (1991) Blood 78: 885-889. Brefly,

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 assaz. s: 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 puCi 31Cr 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 sni:nsitizing Méb in different
concentrations and diluted in culture medium. ’i'he 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




WO 02/ 100348 1 4 JUL 2065 PCTI US02/ 18748 -77 stopped by centrifugation. The
- chromumrel ease was neasured in supernatants in triplicates. Percentage of
-cellular cytotoxity was cal cul ated using the fqr are EXPErimenPl cpm -
Spont aneos0 opmodd@peci fi cLysi s= X100 Maxi rrurrcgrﬁ%gmsaneotmmmsv\w h
maxi mal 51Cr rel ease determ ned by addi ng ZAP-ogl obin(r) (10 % fi nal
concentration) to target cells and basal kgl ease neasured in the absence of
sensitizing antibodies and effector cellS. Only very low | evel s of antibody
medi ated, non-cellular _cytotoxicity (w thout effector cells) was gbserved
under these %eppsj byssowrkfugation Theohropgumyelepsq way pgesyyed infspperpatgntsin- -

nmeasur enent s, _.Usi [ I - Bl.ndi (Al f. | .anti bodi es
was determ &EBE%PE%QP %eki#}?g@%ﬁ?ﬁé@ﬁ#@)gu%éé{]%&%g&@gg%é fo@é purified
from A431 cells purchased from Sigm was i mmobilized on a CVMb chip
according to the 15 manufacturer's instructions. Measurenents were done with
anti body F(ab') fragnents Bkpefihidntile m@pmammic Ap. Associ ation and

di ssoci ati on% 1661 ysiget i it ' P G®bn software
(version 3.1). Mce and tu SPMNSPENBHIOOMN G e (NuNu) were purchased
fromHarlan 20 (Horst, The Netherlands). All experinments described were
performedwith female mce of eight to twelve weeks old. Mce were housed
in the TransggiifaxielSECriRkald dexerffindd 8y addthy ZAP-dpAGIRA®Y(P0 W% ARalmal  Facility
(Utrecht, The Netherlands) and experinents were approved by the Utrecht

Uni versity awhoaitratibh) odargeteels ieé basahesleasanteasirpdiin thg absenae of senpitizingent |

et udi ng | GRBPOBES H sy Colk oY Iy Fvelsof oy Rt iﬁl%geq%bhg?:
B ety he MioubEl kALl < ROGE: U U e DR Rolr hetd iRl CRORIone Ty S8 PG

si de of ife specifie lysi). a dose of 3 x 106 cells. The tunors grow uni form and

can be easily neasured by vernier calipers. The tunor volunme is reported as
length x width x height (in m8). The nmonoclonal 30 antibodies were injected

S SR AR RN N AT e D T

was determined using BlAcore 300 (Biacore, Upsula, Sweden). EGFR purified from

A431 cells purchased from Sigma was immobilized on a CMS5 chip according to the
15 manufacturer's instructions. Measurements were done with antibody F(ab') fragments at
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 Netherlangs) 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.) éccording to the study protocol. The

tumor cells were tested for stable EGFR expression after in vivo passage by flow
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‘i mmunohi stochem stry. In order to determ ne pharnacokinetics, mce, - with
and wi thout tunors, were injected i.p. with 2F8 aht Ubbdﬂcj V\éekly bl ood
sanpl es WaY@ 02/200388 vi a the tai|l vein before and for six weeRETASIYI8T#he

I njection. The sanples were analyzed by human 1gG ELISA. 5 Stati sti cal
anal ysis: Group data are reported as nean.gygtandard error of the nean
(SEM . Differences between groups are anal yzed by unpai red (or, where

appropri at e, ai red) udent,'.s t-test S, of , sSi ne

P oot eq. 51 PR AREIROnRiS ey, HieSoGleudmili e ﬂi@%ﬁ%@%
Generation of yffunl w.&%hﬁ%nmr&%vefr@in é&a&l 5. qﬂnmpﬁmmod?nwecﬁiﬁoo@

anti bodi es, aTVso referred to as Construction of a CND targetl ng
vect or 15 Thewpileaskendvip tHeHail vemrﬁe&mmsmdﬁoxﬁmoﬂletmnﬂerthagjmnm oThe samples i ne
g heavy chain locus, spannin &él’ﬁdgg gene, that was obtained froma Balb/C
genoni ¢ | anbwareanalyged by, amn? t al. Cell 22: 187, 1980). This
genom ¢ fragnent was subcloned into the Xhol/ EcoRl sites of the plasmd

pl CEM 9H (Marsh et al; Gene 32, 481-485, 1984). The heavy chain sequences
included in DSQE@ﬁ!cama@msd@ tdatRdre eépo?@d b ek @Rtarslatdcertarad tiadmearst 3" of
the mu i ntroni C enhancer, the Xhol site |ocated approximately | kb
downst r eam of (YBM).| Eéfermcaﬁbmm armxpeﬁmﬁr@bzsdmby mpgéqﬁ'e(or, whereaRpropriaieh of

the mu switch_r.e S bee deL 0,

targeting vecP%Fe%jgg“déﬁﬁiffeﬁﬂﬁéea e§ C’qﬁfS Sle #ﬁ@%ﬁlg@é t%af% w%as ?CCI %rr%nt
was excised gtr{ggPab_@gmeﬁnd subcl oned i nt o HindlII/Smal digested

pBl uescript 25 (Stratagene, La Jolla, CA). This pl CEmu fragnent extends from
the H ndl I site Iocated approximately I kb 5 of Cwl to the Smal site

| ocated wit hi esultl | asm. d, was and
thea’appr OXi magé?vl’h"!( ff%tl?é'l Or]%;'é'grf@meteq )i IrgEﬁﬁm%‘g&"é'H(ﬂ A8 'fl‘ﬁgﬁh

Smal site in Cml 3 tOhhhﬁn)g]ﬁiboﬁllléseﬂk@@%mdjtu% “HIWAYs? eam of the Iast
Cmu exon, was inserted. The resulting plasmd, pTAR, was 30 linearized at
the Smal site, and a neo expression cassette |nserted This cassette
consists of inder the transcrlptlonal control' of the nous
phosphogl ycer & NHUSrEEIng YSCIOT (Xbal f Tagl fragment; Adra et al.

(1987) CGeng 60: 65 74) Q‘ﬂg pfRREAPITEu contains an EcoRl/Xhol fragment of the murine Ig

heavy chain locus, spanning the mu gene, that was obtained from a Balb/C genomic

lambda phage library (Marcu et al. Cell 22: 187, 1980). This genomic fragment was
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 EcoRlI site located just 3' of the mu intronic enhancer, to the Xhol site located
approximatély 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 HindlIIl/Smal fragment was
excised from pJCEmu and subcloned into HindIll/Smal digested pBluescript

25 (Stratagene, La Jolla, CA). This pICEmu fragment extends from the HindIII site located
approximately 1 kb 5' of Cmul to the Smal site Jocated 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 exbn, was inserted. The resuliing plasmid, pTARI, 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 mousg phosphoglycerate kinase
(pgk) promoter (Xbal/Taql fragment; Adra et al. (1987) Gene 60: 65-74) and containing
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. (Pvull/H ndlI'l fragnment; Boer et al. (1990) Bi ochem cal - Cenetics 28:
1299-308). This cassette was obtained fromthe plasm d pKJI (described by

Tybul ewi caw@b2/860348 1991) Cel |l 65: 1153-1163) from which t heposasenssgste was

excised as an EcoRI/HindlIl fragnment and subdlbﬂiﬂdlﬂmt 0 EcoRI/H ndl Il

di gested pGEM 7zZf 5 (+) to generate pGEM 9(KJI). The neo cassette was

excised frompGEM7 (KJ1) by EcoR/Sall digestion, blunt ended and

e o b e LRI bl Bt
e 2o e e SR TR o R

homol ogous Iy Hikaaeperdn{m913€elSSc1 1 $520163) Mnadith e ndd cassdiRORAs dietsede
336: 348-352. This cassette consists of the codi nﬂﬁsgﬁuences of the tk gene
ni

br acket ed byastanEcoBldEngifkiragmentané subniengdanipdthoi} hdigested pGEMEZEr i bed
by Tybulewicz. et al. (1 I : 1153-1163. The sul t rgeting
Vot or coht AP eltebntPOBM-2 080 b Hisnseyraaselt s exriser oA Bt U0 Bedvy
chain | ocus BARYSAIGEIABE bbh HBELERAI SicR1dHIA Mib RS HEN e LT thépiastfd ch has
been inserted a neo expression cassette in the unique Smal site of the first
Cmu exon. THEHARL gathagppositd orientatgon ofithe pemenic Wirhihsduuahceswiihe nesalting Wi t hi n
pl asm d sequences, prior to electropqrption nto ES cells, Geperatjon and
anal ysi s of ﬁ"mgt%'?@sawdwﬂztﬂomaﬁe ea@ﬂsgmzl%w%ﬁiymlsémp. Ingseikt ad) ey,

A., (1990 - - : ' ihcall v ' SNL76/ 7
Coi 1 oader Fisrud s ikered oAty ME/HORALR GESCIbRS b hobBbRblg S
(1987) i 10 Taeedmisinams,meescribad bliznWansoni et 8Bt ¢ros8eNhtire 336:R48c352¢ ghisAppr oach

(E. J. Robertson, ed.) Oxford: IRL Press, p. 71-112). The linearized CM
targeting veassitegarsigs atthe spdingsequangesoofabe tk genebsagkptediby themeysepglescr i bed

25 Hasty el : - )

El ect r opor atpggmgem?ﬁég%& %dé%gllaﬁogghfe’nzgs(])d% %%be#%'glrys ugégﬁg% &gﬁdg@zf e(l)lfﬁsl- 2 X
106 cel | s/ di H33-1A%68 e The 4esuhiiigSCMBHhfpeting Qe idt e6MaihaaBdtal oftippRfkimuely 5.3
conponent) and FIAU (5 x 10"7 M were added to the nedium and

dr ug- r esi st detofdiomadegyierthe hedvy\abaintlocureand| s gesigned tg gonefalps mapBHEY 24B% o
pi cked, ypRSsiNi Z- i vid IRt o [.£1 on ng, f ur.t he n | f
bt St e’ ol 1 BRlsDEE nofboenlirtcaeb MEpRbh BB Rt YRDERRBI RV G fe AR

anal yzed f orChaRbedtéSargeSaOUdbiidalasdindaftabaith POSL evhicieluts 4Rt plagfidences.
WO 02/100348 14 JUL 2oc5 PCTI1 US02/ 18748
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 gfown 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 ef 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 10° cells/dish. After 24 hours, G418
(200 micrograms/m] of active component) and FIAU (5 x 107 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 sequernces.



-80- DNA énal ysis was carried out by Southern blot hybridization. DNA was
i solated fromthe clones as described Laird et al. (Laird, P. W el al.,
(1991) Nucleic Acids Res. 19 : 4293). Isolated genom c DNA was di %ested

with Spel Wme/M0dtsed with a 915 bp Sac] fragmenj, ,probe A PGHUER/BYAF i di zes
to a sequence between the nmu 5 introni c enhancer :ag@ Sthe mu switch regi on.
Probe A detects a 9.9 kb Spel fragnent fgomthe wild type |ocus, and a

di agnostic 7.6 kb band froma mu | ocus which has honol ogously reconbi ned

with the CVMD targeting C pel
site). O 1132 418 anB@%ﬁlxsim s?%%ﬁe‘ffg s§¢slgﬁ%rglne qigbﬁgl ? e?%ﬂgb?aé

anal ysi s, 3 jghiaRRidod tHe"tﬁox?es@s W&scEped Lbﬁt&dt angligial, Py .of ah,CmBiJ Mdutdeic

reconbi nati on 10 at -the nu |l ocus. These 3 clones were further digested with
the enzynes }Bgdi ReBdt9X14293 hnldolzed Fglen@roanaNuAf yas digestedwithéipeband probegd withq

honol ogousl y di.zed with ut hern bl ots
of wild typea bﬁé@ésffa&}’ ﬁ’FPbég‘ﬁ Wh'é\é?’%’“d‘&?s “’é:%%ﬂ}’gft??g’gﬂﬁ%mf “Hents of
15.7, 7. r eted nmu -
al | eI e i s | n | c&% gh%Re¥ élgg@rgﬁdsé‘%@h rc%% E}gébéaﬁ?e%%%?@g%brsgg}ogg r?%/[gl y. 15

Al'l 3 posi tifyémahowild rﬂﬁtlecmseahcbydialgeoﬁmeﬂsdqbgmm fsimaeh lokes whishdaed Bgll,
Bst XI, and EcoRlI restriction fragmen d| agnosti c g{ﬂ?l nsertion of the neo
cassette |nt119m¢i@g@rﬁbl recampiped @Wéﬁﬁg 186%%@6%@ CREOEYBISSHIPR LAY gene

20 The three t wer e
t hawed and i‘i? ggﬂ%ﬁe&@gfﬁg\] ﬁa cl?‘s S as é:goglr%is égrlqu’g éﬁﬁm
(Bradley, A blo( é{%WSlS Bmlﬁﬂaﬁam .6ikb®peb baitbinfiratiyoof lo:orﬁlegm@&httcsnbmatlon

Practical Approach. Robertson, ed.) Oxford; IRL Press 151).
| nj ect ed1®| a@ﬂmy@tlgcuserﬁem hplones wewe furthersligested iwith the(ﬂmb@éaﬁaﬁ %ﬂﬁn

femal es to ge rhC [e f I erived
fromthe i np e%@&ﬁéf’ VEH thalttﬁévﬁ oot 'BLelﬁﬁ %E%?l%gﬁﬁe%@g g%’?m Bigeﬁegs‘bvzng

cont ri buti onyyRidiZa ith pRIbE A Southervbistsalfiwileabt DN A didestet veitleBpllyBstHl, or
agouti coat coloration, derived fromthe ES cell line, on the black

C57BL/ 6J bacEtgﬂHnmdduce(ﬂ‘agmtszval Sahd-Yend 2 Sdib sespestivgly, shepsas themressace

chineras (i. e Iow rce e tion t

produced hi g y& ﬁ@q%m@ma}@ gfﬁeéﬁseo%q ﬁgh%nrd 2’? %/\gir) CG}Q% &EVAE\AY th
C57BL/ 6J 5 e”nheﬁ &nﬁv@a&&&lde@%a %&'tﬁﬂswrﬁg&i?ﬂﬁfv%d&ﬂe exped tBdBgll, \B3tXH, and
germine transm SSI on of the ES cell genone. Screening for the target ed nmu
gene was car EcaRl mstrictign Segmerss diaghesticanfansestion of thegea cassejtesintthomyl om

tail WO 02/ 10)90%48 /13 ?0C5 PCT/ USOZ/ 18748

Generation of mice bearing the mutated mu gene

20 The three targeted ES clones, designated number 264, 272, and 408, were
thawed and ihjected 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 trans_ferred

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 biastocyst. 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 cione 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. Streening for the targeted

mu gene was carried out by Southern blot analysis of Bgll digested DNA from tail




-81 biopsies (as described above for analysis of ES cell DNA). Approxi mately
"50% of the - agouti offspring showed a hybridizing Bgll band of 7.7 kb in
addition to the wild type band of 15.7 kb, denppgwati ng a gernline

transm ssi OMOdR/1003d8 t ar get ed nu gene. 5 Anal ysis i pns genPCTHISAB18708
functional inactivation of nu gene To determ ne whether the insertion of the
neo cassette into Cnul has inactivated thgjl.g heavy chain gene, a clone 264
chinera was bred with a nouse honozygous for the JHD nutation, which

I nactivates hegavy. chain_expr | op_as .a_.resdlt l etion. of .the, ene
segnent o ( cnofbyies [\ RsGHRn SRR R ARaiflit BEES e PNAE, Rbardindhely 0o thfiE o
wer e gener at egpoutesfipring Shewedh Agstidiziap BalESAdTI7TBkIS irPddditith B4Fe Wild typeTont h
and assayed by ELISA for the presence of nurine IgM Two of the four
of f spring vveréambwfplISeI kb,ydempokiratgiglagvrindiee trinphissidh of Gertatggieidmyp génet he f our
animals by Southern blot analysis of DNA fromtail biopsies by Bgll

di gestion and hybridization wth probe A (see Figure 1), and by Stul

di gestion gnd ARYREidir TahicRRicHhich 1 HAGiIRI iHacHRABh Pl gddeagment (ibid.)
denonstrat ed _ IgMare those in
whi ch one all el e of theToaRwymideavitethaahsingartion$ tHeheeolldbette irtd iCaiu] ldse
other allele the Cu] mytation. Mce heterozygous for the JHD nutation

di splay wild inagtatedthelg hs#vwél@u!rﬁen&.aq*ﬁ@%%g‘gavawweméneﬁaw@mapsq he Cnul

mut ati on i nacyj ' it he.. ABLE 2 er.um, gM
g H chain geh%%é%g%uf %%%‘B‘?Qﬁ@/’tgﬁ(}n’ %‘Eﬂj&gﬁg@ teé%%f alﬁgx%%%%/a?ﬁd%s%ll
<0.002 CMD JHbY dedéxich/d thé JHilpend ggmenBl(€hEd eﬂﬁ?)ﬁwl)&) HiBurél. §:06473448).J FeuMO
02/ 100348 1 4 JUL 20C5 PCT/ US02/ 18748 -82 Table 2 shows the |evels of serum

| gM  det edPedagsuticnffsgring msre genesatedhr Sepumgvasabiiainedtfromaiveseanimalsat thaage pbhs
(CMY JHD) . f Ognomhcﬁdha%ga%%g %¥ ﬁLﬁAffgrr thtc r;])(?f:s‘tjenl_lcl::c): o r%gr%ﬁeoféM. Two of the four

offspring were completely lacking IgM (see Table 2). Genotyping of the four animals

S

by Southern blot analysis of DNA from tail biopsies by BglI digestion and hybridization
with probe A (see Figure 1), and by Stul digestion and hybridization with a 475 bp

15 EcoRI/Stul fragment (ibid.) demonstrated that the animals which fail to express serum
IgM are those in which one allele of the heavy chain locus carries the JHD mutation, the
other allele the Cmul mutation. Mice heterozygous for the JHD mutation display wild
type levels of serum Ig. These data demonstrate that the Cmul mutation inactivates

expression of the mu gene.

20
TABLE 2
Mouse Serum IgM Ig H chain genotype
{micrograms/ml) -
42 <0.002 CMD/IHD
a3 196 ¥/JHD
44 <0.002 CMD/JHD
45 174 +/JHD
129 x BL6 F1 153 +/+

JHD <0.002 JHD/JHD




(+/JHD), for wild type (129Sv x C57BL/6J)F 1 mce (+/+), and for B cell
deficient mce honozygous for the JHD nutation (JHD/JHD). 5 Exanple 2
‘Generation of HCOL2 transgenic nice for the production of anti- EGFR human
ant i bodi e¥OP19%4812 human heavy chain transgerled 30 Jjpp HOORCTAUSEMIBGEhe was
generated by coinjection of the 80 kb insert of pHC2 (Taylor et al., 1994,
Int. I'mmunol., 6: 579-591) and the 25 kb-gmsert of pVx6. The plasmd pVx6
was constructed as described below. An 8.5 kb Hindll1/Sall DNA fragnent,

conprising t ' = (PR= 14 o] her .wi.h

appr oxi mat ol YO E SRV he IR oftles R Eechfd bP REISACRE WIEL clfifle bt s ¢
sequence WaCNIDAOYHI nimtions (EMID/AED )dfor exitOheteR2YgosHoPTRIMD Magiisan, W)
to generate the plasmd p343.7.16. A 7 kb BanmH /H ndl 11 DNA fragnent,
conpri si ng & fariwikd &@%ﬂ%@ﬂﬁb@ﬂ)mgﬁérﬂéﬂﬂm foe B celltdeficient mice
approxi mately 5 kb of. 5 f ki ng. a of 3' flanking genom c sequence,
was cl oned h|¥) O&Y{g%‘gfﬁg&gﬁﬁgﬁgﬂl%ﬂg@hﬁ}om ng vector pGP1f (Tayl or et
al . 1992,5 Nucl eic Acids 20 Res. 20: 6287-6295), to generate the plasmd p25
If. A new cloning vector derived from pGPl f, pGPlk (SEQ ID NO 13), was
di gest ed wi tExamplRY/ BaGeheratino of H{ZOE2 tirapsgeni® mikb fdrcthRyiBadiritiddNg antiagnent |,
conprising the gerni n VH3-23 (DP47) gene together with

approxi mately 4 kb of %G%%W?H@“Hﬁﬂégﬁb of 3' flanking genomc sequence.
The resulting plasmd, pl 12.2RR 7, was digested with BanHl/Sall and 25
ligated with the 7 kb purified BanHl /Sall insert of p251 f. The resulting
pl asmi d, pVxhe H@@$2 upas heghwghain dnskemnd | i gated with the 8.5 kb Xhol/ Sal |

i nsert of p343.7.16. A_clqQne was obtained with the VH1-18 gfene in the sane
ori entati®hn as the ot hEte HxQ 1% ragegcas wapigeseratedhy comnisstipnatdbe $RABInsaRof t hen

di gest ed wi i kp. 5 QD - -t i t h
the puri 11 ed o ke Rk BRSO ok Wipugtor, B: ST anIHERE L ks P TAET Tt
pronucl ei ofplasned Ppdixb velayconsthielld 8 HexcriR8/bélbvi-2 enbryos as described by

Hogan et al. (B. Hogan er al .. Manipulating the Mouse Enbryo, A Laboratory
Manual , 2nd edition, 1998.5 koilmdHlSal PMA frgmansromarising the gsenling humap ew

NY). Three ) 3 : 83 <l Rdapende | pas of
transgenic \nﬁlg%ﬁ’??&%%f’@ﬁ?.gé {égaﬁlgﬁ\gggiji’%’%aﬁ%‘?ﬁ%gbéﬁg ﬂ@gn%ie%‘?@gé%’toggl i shed
from ni ck t Heinkilgyshomédscquaite wis shbgleaddisitoctlio pyamid TbasepsPTIEPréfi€za,

Madison, WI) to generate the plasmid p343.7.16. A 7 kb BamHI/HindII] DNA

fragment, comprising the germline human VH5-51 (DP-73) gene together with
approximately 5 kb of 5' flanking and 1 kb of 3' flanking genomic sequence, was cloned
into the pPBR322 based plasmid cloning vector pGP1f (Taylor et al. 1992, Nucleic Acids

20 Res. 20: 6287-6295), to generate the plasmid p251{. A new cloning vector derived from
pGP1f, 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%b of 3' flanking genomic
sequence. The resulting plasmid, p112.2RR.7, was digested with BamH]I/Sall and

25 ligated with the 7 kb purified BarmnHI/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 ef al., Manipulating the Mouse Efbryo, A Laboratory }
Manual, 2" edition, 1994, Cold Spring Harbor Laboratory Press, Plainview NY). Three



desi gnated (HCO 2) 14881, (HCO 2) 15083, and (HCOL2)15087. Each of the three
lines were then bred with mce conprising the CM? tation described in
Exanple 1, 5 the JKD nmutation (Chen et al. 1993, ,zéf 12: 811-820), and
t he (KCo5) 9OWiR02/10038sgene (Fishwild et al. 1996, Nat uréSBi ot axtwo$oagy74d4:
845-85 1). The resulting mice express human i munogl obul i n" heavy and kappa
l'ight chain transgenes in a background haongpgygous for disruption of the
endogenous nouse heavy and kappa Iight chain loci. 10 Exanpl e 3 Production

f H Mo I b Agai nst EGFR Two di ff t
ver o used o JRRPAG lindeh Gt Mise coaiprHGEALTEES AT 08 anGHCH 1
CVD) ++; (JK d
e e ?n%ég%té‘ﬂ.‘gﬁz% FoE e Ul gt (e 8 ﬁ*I%st%ﬁfgﬁ‘f&P%Jﬁ& i o
( KCob) 9272+ +d)551gna1écé(}ﬂ@61ﬂ)i4ﬂ&} e{Hﬁ)(b@)l&&BﬁnﬂnmﬂR@Olz)IE@&m Eefch of eesthreet r ai ns
are honDzygou for di ru tlon t he endoqenous heavy chain

kappa |ight ¢ F?]WF{FK ’i?él“”t iqq COMPEISE the QMQ@FEP‘FW@C%MH E)xawpbp Li ght
hat
hormozygous ) of E DG dor\Chign D6 Yoo EABO o S A TBLa b KERHEREE 10y

chai n transgemnansgrad (Fighwild eca/WEY%S, Naftiré Binechnologh a0 8¥585F). fTHe redulldhe) midee
HCo7 or the HCol 2 transgene. The CMD nutation is described above in anpl e
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m ce, are described in US patent Nos: 5,770,429 and 5, 545,806 25 (Lonberg &
Kay, 6/23/98). The inmunization schedule used is listed in Table 3 bel ow

M ce were 10i miBxampdei3t wiPredugtian of HemandVibsodlobalodwtibidiesAgainsEGHRR gen. i n

Ri bi, Adjuvant. The EGFR specific serumtiter was determ ned by ELI SA after
the third i mmuni zation. Three different immunizations were done for the

final boosts before the fusiiRrenf AeARs i@ iiEEekA bkeRiral EGPR 36R1HGA1 | 2

i ntravenous (iv) boosts via the tail vein with 10 g of antigen 1n 50 1 PBS
or two sequenhigian menogloaali antihediks. (SIrEpHX(QMBQt'B, (\RKDI)+E,5(HJJQ‘901 1%[2@/%
02/100348 1 4 PCT/ US02/,1874 Tabl e
3). The three(}g#g@%%%”\%gp earggio Greings ﬁfﬁﬂ"%r%ﬂ (i'gg?
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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 (HCo012)15087
mice is described in Example 2. The JKD mutation (Chen et al. 1993, EMBO J. 12:
811-820) and the (KC05)9272 (Fishwild ef al. 1996, Nature Biotechnology 14: 845-
851) and (HCo7)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 ul PBS or two sequential intraperitoneal (i.p.) boosts with 25 pg soluble
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effective at initiating a primary inmune response that then was greatly
enhanced with only one dose of purified antigen_in adjuvant. 15 WO
02/100348 1 4 JUl ?0C5 PCT/ uso2imgmsgatiogSchadale: Tahle boost before fusion for
nouse 20243 was done as i.v. tail vein boosts with 10 pg soluble EGFR in
PBS on days -4, sol ubl e EGFR caused an
lrritation tO tpeEmee

-3, and -2. The Triton X-100 in the
Schedule

of irritation, e 5
EGFR on days -4 and S
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speci fi ¢ Human |Gamma K ‘E}a} Ce?ﬁ?irtf ies.Tchr P Cfiter FF'%%“: H RIBr s
Mouse  [Day | Day 20 [Day 30Day 33 [Day 43 [Day 46 [Day 50 {Day 33
| Ribi
Dx%25
0241 X106 |1IX107 o 25ug @050 25ug  |ug***
D ivx10
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* 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 x108 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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prepared fromthis expansion. A fresh vial of cel t hawed one to two
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performed 7- brosayith aiiweant, psedised PR paneangescifc fhynan Gamma Kappaapibadiesened
on sol uble EGFR 10 coated ELI SA plates. Antigen positive hybridonas were
transferred to 24 well plates and eventually to tissue culture flasks. EGFR
specific phybridomas were subcloned by |irgblkigng dilution to assure

nonocl onality. Antigen positive hybridomas were preserved at several stages
in the devel opnent process by freezing cells in DVEM 10% FBS pl us
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Ykt EGFR+ EGFR+ EGFR

20242 (35 2 2 0
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Example4 Hybridoma Preparation
15
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 expansit;n. A fresh vial of cells was
thawed one to two weeks before the fusions.

20 High Glucose DMEM (Mediatech, Celigro # 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
media supplements were added to the Hybridoma growth medta, which included: 3%
Origin -Hybridoma Cloning Factor (Igen, 21001), OPI supplement (Sigma, 0-5003), 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 x10'4 M Hypoxanthme 4.0x10"M



10% DVSO (Si gnma, D2650) or in Origen Freeze Medium (lgen, # 210002). Cells
- were 15 stored at -80 Cor in LN2. Initial EG-R specific hybridomas were
'subsequently eval uated for epitope specifici ty7 éng[ eir ability to block
t he bi ndi MO®R/NIBERESt 0 t he EGFR receptor. Muse monotfdnal aitrudeSisiss

anti bodi es 225 and 528 have previously been shown to bind to EGFR, bl ock
bi nding of EGF to EGFR and to be anti-cancg i nmunot herapeutic 20 agents in
ani mal and human studi es. Therefore these anti bodi es were used, in addition

to a non-bl ocking antibady, _i conpetitjiye ELISA format to_identify human
ant i bodi es %‘Iﬁ%‘ﬂ‘%ﬂﬁ?& F'mnot ?@H@lﬁlﬂ‘?e@obﬁgr@éﬁ@?ri%‘ﬂ@é.I-OESJQ#We 5 Bi ndi'ng
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3000 (Bi aco@afl%rggllng’, f'g\%genwlﬁgiamﬁpri fied from A431 cells purchased
from Sigma was inmobi |Qleesttaized FEMBbeVing s@amAISH3I07! ot HE A MEA0Y 1ag]duUr €1 ' s
instructions. Antibody 2F8_ had an equilibrium association constant (KA) of

5.47 ( 0.52) ASHO¥3IREs optaingd foan Thobue, haginiUtshocreg Hresoediusvamtaingl
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I ndi cat es that ansanti body binds to the sane epitope or to” a reglon t he
anti gen in ctobd®splenogytss. tThetshienogytepeweredusadt i body. Weaker conpetition of
| ess than 50% i ndi cat eswtﬁhat_ t he anti body and its conpetitor bind to

regions of the antigen IRGanifial %L%S%@thhwan 120 «iastibedienyes prrfarmediVe wi t h
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i

experi ment | STP4RE dilytiontg assuze mopegioRalty, ARtgemprsitive bridpmas Herepresesyes of
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conpet e st r oh@froyDMSh(Sigma, DPGH0) 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.

if

Example5 Binding Affinity
25 |
Binding affinity for hybridoma 2F8 was determined using BlAcore 3000
(Biacore, Upsula, Sweden). EGFR purified from A431 cells purchased from Sigma was
immobilized on a CM5 chip according to the manufacturer's instructions. Antibody 2F8
had an equilibrium association constant (K,) of 5.47 (£ 0.52) x 10* M.
30




225 and 528. The remai nder of the antibodies from 20241 conpeted noderately
or weakly with the 225 and 528 anti bodi es. Five antibodies (1 H6, 2F8, |
A8, 5C5, and 8E13 fromthe 20242 and 20243 m'cF showed strong conpetition
with anti bol§ 0248034%d 20 no conpetition or weak 6dtfpgg'5tion PCIASHINSTIR
(Figure 2). Antibodies 2F6, 8A12, 5F 12, 6B3, and 6DE£ from nouse 20242 and
20243 conpeted with both MAb 225 and 528,.gylthough the conpetition was
stronger agai nst the 225 anti body. G her antibodies fromthese mce did not

conpete or V\BF??}Q@Z&E{I ?ﬁ@étit’xje‘ﬁi’gi[&séahg comercial MAbs. 25 These .

initial conmpe results were verified wth purified antibodies
produced by sub-cloned cells. Figures 3 and 4 show that anti bodies 5F12 and
6B3 conpete strongly with both MAb 225 and 528 and al so denpnstrate
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528 (Figures 3 and 4). However, antibody 2F8, 6B3 an trong
cross conpet i &irggon Ghths adagen inwiye proximitgtio dret congutying RAtibadyWIWOaked 00348 7 4

JU( 20C5 PCT/ US02/ 1874 -88 bjnding to separate epitope fromthe 225 and
528 anti bodi ego'aﬂﬁ‘tiﬂ“rfgéestséhaé‘ -Jr(g/gi"tﬂ%%ﬂfs tﬁatttﬁga Y28 disccompehier bind tadj acent
to or overlap | '5?3]‘? ' t ' : '

Ant i bodi es ZAEe g\ynr{i%(gtl‘z o%%ltc')? ngrﬁgoes%@mn{nhwm @gﬁ%ﬁgﬁ@ﬁﬁ%ﬁhg gpeé&a_lﬁns
epi t opes unr eframeshclanet hgbhdodiswgany dfwhieh cohainga mare thdnshe Wibsidérha per @8ll.3

and 5 4). 1 Eganpl e 7 EGF/ EGFR Bl ocki ng Assays Anti gsen positive subcl ones
were furtH8 Er assayywens dongmitbsrbalones ofghe arginakwsils. Finwse 1 asd 2ghow{geuded

el | a0, anti Badl CCRFE] AP aFIRREEa Rk ol dberclil SaMpRidry BRVARS 228 iha

Several anti bedéresitherude exlp anlted sipernathrits ragtibediescanssed dpntifidd thsk Biyd tapr ot ei n
A chromat ography, Figures 5 and 6 shaow that antibodi es 2F8, 5F12, and 6B3,
whi ch are nod8fHaEof ieatisa) gpitensagetherdd and 528 qatibodies Alspswideptinghis SA are

211909, 15, 1 ekl SEE ot Mol T A B e PR '
assays, tHé hdenwed feoth indt 26244e0rdraas npeeel 2004 04rided00eB. FhaskaMle, ARbfirst
Anti bodi es ZFgévcg l::ir%tzit’)od?{?s?’frogrt]}?e #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

8EI) from the 20242 and 20243 mice showed strong competition with antibody 225 and

20 no competition or weak competition from MAb 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 1o 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 (Figurés 3 and 4). "However, antibody 2F8,
6B3 and 5F12 show strong cross competition. This data suggests that antibody 2F8 is



6E9 al so have simlar binding characteristics on the surface of A431 cells
(Figure 7). The in vitro EGF/ EGFR bl ocki ng and ELI SA conpetition studies 20
‘denonstrated that the 2F8, 5F12, and 6B3 anti bo;d{' 2@4? ve simlar properties
to other wvamti/id&BR nurine and human anti bodi es hve beeqyushownsg 0 be

| mmunot her apeutic agents (Sato, et al. (1983) Mdl. Biol. Md. 511-529; G,
et al. (1984) J. of Biol. Chem 259(12) :_§§55-7760). The 2F8 anti body was
equi valent to or better than the 6B3 and 5F12 anti bodi es overall in the

vari ous evaluations. 25 Exanple Inhibition of EGF/TG--a_ Binding to the EGF
Recept or Usi mﬁélnﬂ%ﬁﬁe%ﬁﬁépﬁ%ﬂ gﬂﬁt‘ﬁ%% %’L‘P P %‘ngé@ apg bEds & a ragnett i on
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used as an isotype control. A single human antibody, 2F8, was chosen for
all the furttﬁmlﬁmm@mt@mtbwblrm®sm:ﬂftls@251ms Mabs ¢Figuies 8.andhi s
ant i bOdyki s @also refereed to herein as "Humax- EGFRTM . Figure 8 shows- the
EGF bl ocki ng/capacity of 2F8 in a concentration dependent manner. 2F8 and
n225 block to the sane extent while the bl ocking capacity of EGF is |ess.
Figure 9 further shows the blocking capacity of 2F8 in that it efficiently
5 inhibits tHEwarpled ngEGKF/EGFRaBlbckidg Assags A431 cells (cells derived froman

ovarian epidernoid carcinoma and express in excess of |x106 EGFR nol ecul es
on their cell surface). Inhibition of 2F8-binding to A431 cells was

ot her 5 Copen Bar o) "o RHERESfive BN B S GRS FERAEHED St
Bi ndi ng If disdkiadyssiys Mhese hisgpsidcuBESs @chiiie) of\astibdicdahiiGonipe sadngdl§0%

These results indicate that 2F8 binds close to, or at the sane site,  “on
EGFR as t he WitlyMls 22 Eandfpn 2280 a3 wall ig5.tangthodies thatrane varak or monicompedtivelwith g
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activity and concomtant cell proliferation, was exam ned. One of the first

event s which are moderate to strong competitors of the 225 antibody in ELISA, are strong

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, 5F12, 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-o 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




after EGF or TG--a binding to the EGFR is the induction of
aut ophosphoryl ation of the 20 receptor. Incubation of EGF with A431 cells

results i r 0S| phosphoryl ation of the E R (M 170, 000 ure | QA).
Wi | e 2F8r\¥bg°2ﬁ§'t'ﬂ§ctivate the receptor kinasé4 Aétgity by&?&@lﬂg’w"ﬁ]e

anti body bl ocked EG--triggered EG-R tyrosi ne phosphorylation in
dose- dependent manner with a conplete inhi8#tion at a concentratlon of 16.6
nM (anti body: EGF nolar ratio, 20:1, Figure 10A). Cells were treated with
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by 2F8 at a concentration of 66 nM (anti body: TGF-a nolar ratro, 7,3
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- proliferation (Figure 14).

control anti bo ef f on the cell
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activation. | e 10 Human Monocl onal Anti bod| es to tor
| nduce ADEC dﬂm&tﬂ‘eat?alq%% efbese meswite indi¢ate that 2R bindm close to; bygtehe sanbysitdge 10
recognition of W eIIJ S anti bodies. To evaluate the ability of human
PW cells to° ﬁl tU88PY% in the presence of 2F8, A431 cells were |oaded
with 5 'Cr and subsequently incubated with anti body and effector cells
(PWN) overnight. After incubation, chrom umrel ease was neasured. As shown
in Figure 14Example 8 cdphibigordf Titmenleabigh ADGEiongdsing Hukisd Maldclnabi ng
human PWMN. 2F8 i s capabl e, of, nedi at | ﬁg PWN-i nduced | ysis of 45% of the
A431 target cells, whi &FF@dﬁ‘Fsg‘Héﬁ bﬂ%‘n HMPLed with the MAb 425 (Figure
14) . Inmporstantly, while capable of recruiting imune effector cells and
I nduci ng ADCC, 2F8 is unable to induce conpl enent-nedi ated |ysis of tunor
cells. 20 Exanple 11 Hisonevaiustethe bbihiay of2HE toadhibit thmot ¢ed] cGivaiRag eietedfect
Prevent of 2F8 on EGF-triggered cellular responses, such 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 .M
(antibody:EQF molar ratio, 20:1, Figure J0A). 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 cel! 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 e_zptibodies were used as a
comparison. Humax-EGFR inhibited the growlh of A431 cells in a concentration

dependent manner with a maximal inhibition of 50%, a level similar to that obtained




Tunmor Formation To show the ability of HuMAb 2F8 to prevent tunor formation

in an athymc nurine nodel, groups of six (6) {?{)ﬁﬁ were injected
"subcutaneously in the flank 25 with 3 x 106 tu l

zero (0).WAB58H#8nt |1y, mice were injected i.p. on d?}ﬁjssli ?’féﬂ&ﬂ%gﬁglﬁt gay

(25 g/200 1), and 5 (25 g/200 |I) (arrows) wth either HuMAb 2F8 (cl osed
squares). i.p. of human Ig@-ic MAb as a-&ntrol (open circles) (Figure 14).
The data are presented as nean tunor volune + SEM and are representative

of 3 indivi e ialrdi1ay Pheddrifol hRSEEdyhadHe dffeatidtheiceld Of
establi shed%ﬁngisumrt%Eg%%zgsrgﬁ‘l@s{ggngul\/Ab 2|(:)8 I n gor?pari son to nk25 is

shown in Fi guslifefafion (Fiperenst)e Growvthanbibitionowas zlseobigingd iwith t otherel lines h
3x106 tunor cells in 2001 PBS on d ero (0). At.d 10, m ce We
0] 200345 1 akSiyuiar begrouER oy D M poncl B i e Ao oBef s G AE
dt , : d 16 (25
07 900" 13" s APPERLE P PaBE pee stsbits Shditile ik abity o2 156RRR affotrinenc 16 L2

murine ant i sEEFRIMARNEREAS tb GAHIEE SutbériR BGEAGF2adatdrtumogtel) activhtion.her nore,
groups were I ncluded receiving 75 g/ 200 | HuMAb 2F8 or nR225 on day 5 12,

continued by 25 g/ 200 | HuMAb 2F8 or nR25 on days 14, 16, 19, 22, 26, 29,
33, 36, and 40 (open squares, 2F8 | ong:ternm, ope bangl.es 25
| ong-tern) . Enanplgdd Emaaﬁﬂgmgw‘a%ﬂwﬁ“ﬂaﬁ&w E‘%ﬁghﬁoé uce APCC

representative of 3 individual experinments, yielding simlar results. Black
arrows indicate treatnent days for the short-termtreatnent, open arrows
i ndi cate treatnment dayaDO® istalpetenoimgmiuse effecteramecinnism kiggEydibyahent s Those

skilled in the art will recogni ze, or. be_able to ascertai.n usi 0 re
t han roukd naeeogpitianefrivmer @ﬂg birgAiibedies- vE %‘fﬂ?'éa“éfhet l@ﬁégpﬁﬁaerﬁgﬁﬁﬁy nt s

O e oLl 4201 USRS R frIBiE P 2P B, U AL Npe il nepied o be

enconpassed W ng c | ncorporation by Reference All
patents, pendbgguemlLivcubaed witkhhitialyand effebier celts(PMN) ovemsighi. t&ffer her ei n

are hereby iilqgfgaggg,agh?gmi?}r/n ;e?gag \?vgscreneiasnurédh e}\g sheo%ril irne i)éilrelldfl, %IL*I é iszcg?)ablé %%
inducing ADCC against A431 cells using human PMN. 2F8 is caﬁable of mediating
15 PMN-induced lysis of 45% of the A431 target cells, which is higher then observed with
the 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 HuiMAb 2F8 to prevenit tumor formation in an
athymic murine model, groups of six (6) mice were injected subcutaneously in the flank
25 with3x 106 tumor cells in 200 ul PBS at day zero (0). Subsequently, mice were
injected i.p. on days 1 (75 pg/200 nl), 3 (25 pg/200 i), and 5 (25 pg/200 pl) (arrows)
with either HuMAD 2F8 (closed squares) i.p. of human IgG1-x MAb 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 HUMAD 2F8 in

comparison to m225 is shown in Figure 14. Mice were injected subcutaneously in the

flank with 3x10® tumor cells in 200 pi PBS on day zero (0). At day 10, mice were



We claim 1. An isolated human nonocl onal antibody which binds to hunan
EGFR, wherein the antibody binds to the sane epitope on EGFR as an anti body
- conprising a heavy chain variable region having the am no acid sequence
shown in SREshifeelde 2 and a light chain variable region hayéfgsiigram no
aci d sequence shown in SEQ ID NO 4. 2. The huﬁa‘rﬁ’ldﬂ&ji body of claim1
conprising a heavy chain variable region g ving the amno acid sequence
shown in SEQID NO 2, or an amino acid s ﬁuence having at | east 90%
sequence identity to SEQID NO 2, and a |light chain variable regi on having
t he am no aaiandombaillenated shiveatment ¢Saips| dddNidated] onodayan 245 pg/280iud), 3¢ {2ence
havi ng at | east 90% sequence identity to human

SEQ.ID NO 4, 3. The
anti body of w8/20Gml), ad @5@@/2@“%(@%\?&1‘1%%&/%% &insed seuaresn2h&vi ng t he
am no aci d sequence shown in SEQ. a | i ght. chain riabl e r.egion
naving the SHPHIOTDSARLbRYBAE AT M Birsd gl BBt Phoay
of claim1 ' e BLi0iraDR3.4/960 RPHOMKABIFS bem2 PR dayi no
acid sequen?éuréﬁganq}%f %'%Epgﬁ?reeh?g\éu%ﬁ% algm ght échaiﬁ CD%ISA?gﬁ on %avi nggﬁnhe
CDR3 anmi n® aoi, do@tﬂﬂié@fb?QSSﬂM% RN gb 2F 818rAn 225 ol ey suiee, 1BNRR aed 29,033, any
one of the preceding claims which is an 1gG 1, |gA IQ%E, | gM IH%GZL or 1gD
anti body. 6.36Thed A0 fepsnaquirss @78 ddngstemnnopen tranglks, ns223dongr@mmdnThe dakp are 7.
The human anti body, of claim6, whi (_:Jgé@ a&gi bodé_ 2F8.. 8. f§he h ant i body
of any one direseniFdAs meapdurgor yglpme % SEM, apd e PRIGHROIALVE o 2 1adiXidual chai n
anti body. 9. Htga, j n { NRiRfearEs ' whi ch
inhibits EG%EPlFEIEn ’ rlgllﬁnmcﬁ s.?rgﬂ%lroﬁ lﬂ%ﬁ?l%%%??r%%o The ﬁ%%%gadr%%' ?Edggl;e of claim
9, which bl chks-tEGkRettirgat)dpta aclowsindaaturenmEGrRYbYor the |dngastm gleatrtenb0%
11. The hblman anti body of claim9 or 10, wherein the EGFR ligand is EGF or
TG a. 149 3ul 20ci  -93 12. The human anti body of any one of the preceding
cl ai ns, whi 1 to human EGFR with an equilibrium associ ati on const ant
(KA) of at f@ et tst 108 ML. 13. The hunman anti body of claim 12, which
bi nds to human EGFR wi Thosark#lgdin iherartunill reesgiiegbebe shinsé astertdil{Akingfnoat
| east about 109 M.

more than routine experimentation, many equivalents of the specific embodiments of the
invention described herein. Such equivalents are intended to be encompassed by the

15 following claims.
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14. The human anti body of any one of the preceding clains, which does not
activate conplenent. 15. The human anti body of any one of the preceding
clainms, which inhibits EGF or TGF-a induced autppyosphorylation of EGFR
16. The human anti body of any one of the precedingtﬂlﬂmps, whi ch binds to
cells expressing EGFR and (a) inhibiéﬁ%gromﬁh of the cells, (b) induces
|l ysis (ADCC) of the cells in the preseffte of human effector cells or (c)
does not induce conpl enent nediated |ysis of the cells. 17. The human

ant i boowe@faimk @i m 16, wherein cells expressing EGFR are (a) tunor cells
sel ected Trom bl adder cells, breast cells, colon cells, kidney cells,
ovari an ceIIs,_péostate cells, .renal_cel squanmous cells and non-snal

s,
lung cell's, 4abisolaiedpmap mqrreﬁlsmlagtibwwféclﬁbm@w hupmap FGHRs wherein theg.  The

human kit f i ng- i . i doma
whioh - ThelgHad o B e epRbnd HERBFREH B P M HESY bt SalblY | ST
a genomnegioo hpving thegmano fidrsequbaee\shiowi & SEQ 2N Qendarigha clnimeariablegbgion hai n
transgene.fused to an imortaglized I by a transfectoma conprising
nucl ei c23E8 e@ﬂ@B&Fﬁ&W%ﬁéﬁ?@éﬁ#Mé-éﬂd a human light chain. 19. A
hybri doma conprising a B cell obtained froma transgeni c non-human ani mal
havi ng A géﬂﬁﬂﬁmﬂﬁﬂﬁbmymﬂcaimumﬂpﬁﬁa?ﬁ hedvaichaihvariste Regioty vinglthght  chai n

transgene fused to an_, imortalized cel wherein the hgb[idona Produces a
det ect AFMBO aF0 seauente shawnimSERIRMNGE 2,05 9n amie asid seaugngs havipgatieast Y%

ant i gensRiAdi kb eof . “a‘f?’?' %E@n Q;{g%- { I ei ¢ acids
encodi nrkgggéﬁgt%%mgé%§géc al fn) ia)’nagdéqﬁ]l}ﬁ%}%{ |éﬁfq' T alﬁ, ﬂé‘?é‘?‘ %o%ég

t r ansf essquamee ghosohuio SEQIRINCe dt adnandnwacid sajfuetdedhaning atlean 80%asetudnoely of any
one of ¢l ai _or antigen-binding portion thereof 1 4 JU( 10C5 -94
21. The‘(&?ql%ng’f%?cém%cl aim 20, conprising a nucleic acids encoding a
human heavy chain variable region having the nucl eoti de sequence shown in
SEQ | D NO  Therinman hntibodylof glim ¢ ha2rompeising b heaviyedhiavatable fgidntavingeheot i de
sequence shown in SEQ ID NO._3. 22, A trar_ls%eni_c non- human _ani mal whi ch

expr es SHung geid sequencsfhowp inAEQJRNG; 2 andg light ¢haip variable irgiondmying the amins geni ¢

non- hunpiy @RLdMRL sitfvh & YR Qpri sing a human heavy chain transgene and
a human Iigﬁt C gu n transgene.d:g'fs. A nmet hod of producing the anti body of any

one of clains 1 to 18 conprising fusing B cells isolated froma transgenic

non- hurfan anfhsdumapappbadyof glaya A owa comRpsing p hepva cheirdrPR3 region having the
CDR3 amino acid sequence shown in Figure 15B and a light chain CDR3 region having the
CDR3 amino acid sequence shown in Figure 15A.

5. The human antibody of any one of the preceding claims which is an IgG1, IgA, IgE, IgM,
1g(G4 or IgD antibody.

6. The human antibody of claim 5, which is an IgG1 antibody:.
7. The human antibody of claim 6, which is antibody 2F8.

8. The human antibody of any one of claims 1 to 6, which is an Fab fragment or a single

chain antibody.

9. The human antibody of any one of the preceding claims, which inhibits EGFR ligand
binding to human EGFR.

10.  The human antibody of claim 9, which blocks EGFR ligand binding to human EGFR by
at least about 50%.

11.  The human antibody of claim 9 or 10, wherein the EGFR ligand is EGF or TGF-a.



heavy chain transgene and a human |ight chain transgene and which has been
i muni sed with EGFR or a cell expressing EGFR such that antibodies are
produced by B cells of the animal, wth nyelomay Q'JJ-}S to formimortal,
hybri doma cells that secrete the antl body. 24. A bi 6e2§ﬁf| c nol ecul e
conprising the human anti body of any one of clains Ito 18 and a binding
specificity for a human antigen preseh?zl'hg cell (APC) or for a human Fc
receptor. 25. The bispecific nolecule of claim?24, wherein the Fc receptor
is a huban FidtedwmaRantibody ofanyreme ¢fahe pleo&iﬂrlgxﬂaimzﬁwhfmbiridb splamdn BGMRI ecul e

of claim24 or. whi ch bi nds c.recepto ja site which is

di sti nC‘E’qﬂfz%?ﬂ‘?@q%ﬂﬁﬁtﬂ%‘iﬂnﬁtﬁmdm&% ]?F‘t"’imﬂtf{(’[ﬁg receptor. 27. A
conposition conprising the human anti body of any one of clains 1 to 18 and a
phar macBut i cBielhprmaoaetivaly of claim 2 ewhicR 8indé\tcclonmmi GFR withanegiidibrigma

conmbi nation o o) J.bedi es or antigen- binding portions
t her eof? 5?9&36?‘{1? PH&(A‘ED{ZQHE“E&’O@F Qé 1 to 18 wherein each of said
anti bodi es or antlgen blndlng portions thereof binds to a distinct epitope

of EGFRA4.29.Thk menpasiibidyofanypid of thgplebeditp ulEims ankich doés ot aqiviteone of
clainms 1 tpi 18 and a chenotherapeutic agent. 30. An inmmunotoxin conprising
t he hurf@M ‘?ﬁ"?"lﬁody of any one of clains 1 to 18 linked to a cytotoxic
agent. -95- 14 JUL 2905 31. An in vitro nethod of inhibiting growh of a

cel | exy®. essThethubfahBntibslyotiasy o6 om@pra@édhrryclﬁmﬂ Wwhich inMiBit FGF &f TGELi ve
anmount of t he anti body_ of anﬁﬁone of cl ains to 18 such that the growth of

the cellp '@)@BPE@EMF@I‘WROFﬁ ERbi t ed, V\/nerel n the antibody inhibits EGFR
|l i gand binding to hunan EGFR. 32. An in vitro nethod of inducing cytolysis

of a celd. eXpHeafusial Anfikddy of GRYBd & tRdprefeAittpaddil SwRick Binlds &XGIS € r@ﬁnﬁGFR
with the antibody of any one of clains 1 to 18 in the presence o

ef f ect oFGER pnd (a3 uéwrbltsrﬁw@mféhwls, (b¥ indbess dysisl (A e ShaeslIE GriRe cpnmncs 33.
The met | | I ect m a bl adder
ot redbiTe op@aﬁges S T O N
prostate cell, a renal cell, guannus cell, a non-small 1ung ceII a
synovi al7-f i Brhsthiumen an@'quyaﬁﬁlaanll rwhérein oyllzexpessing EGFBf are () tymaor cshis | body as

g M T

use of :eh:ﬂlcal\ls%quamg e¢llR ahb(ﬁoﬁi-lsﬁleﬂ&ﬁlglc‘élls;@m%%oﬁﬂ mmmemmm(rg@ di sease. 36.
The use of claim 35, wherein the cancer is selected from bl adder cancer,

breast kemtimesytes.
18.  The human antibody of any one of the preceding claims, produced by a hybridoma which
includes a B cell obtained from a transgenic non-human animal having a genome comprising a
human heavy chain transgene and a human light chain transgene fused to an immortalized cell or
by a transfectoma comprising nucleic acids encoding a human heavy chain and a human light

chain.

19. 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 detectable amount of the antibody of any

one of claims 1 to 18, or antigen-binding portion thereof.

20. A transfectoma comprising nucleic acids encoding a human heavy chain and a human
light chain, wherein the transfectoma produces a detectable amount of the monoclonal antibody

of any one of claims 1 to 18, or antigen-binding portion thereof.



col on cancer, kidney cancer, ovarian cancer, prostate cancer, renal cancer
and head and neck cancer and the autoi mmune diseasp{iavolves epi theli al
hyperproliferation or is inflammatory arthritis. 37.J béwgse of any one of
clainms 34 to 36, wherein the human anti body is conjugated to a binding
specificity for a Fc receptor or to a;ﬁytotoxin. 38. The use of any one of
clains 34 to 37, wherein the treatnent”or prevention further conprises the
co-adm nistration of another therapeutic agent. 39. The use of claim 38,
wher ei 2l he Thedranpfsctoma ofglaim 20 cogwrisingadutleisraciils xneadingsd humandeaiachaii n) |

Py ony i BRI rEROR G gdtl NS LR FRm TN SERIFNG, | R nipb AL BB R "o

of cl ai vaiabletregidiBhaviv tha Aadlb@idetsbieageshoive iRGBQIUIDASOA3.conbi ned preparati on
for a co-admnistration for treating or preventing a disease nedi ated by

expressypn of EGFR.. -96- 14 JUL 2005.41. A nepthod for detecti .th resence
of " EGER ant Hoeespic 7on pien gl YRR Eosehiet g Mibading BB St A o8

cont act ig)gvheletn tha fahseiic nbnhifad BhinAORAS Afendmy c@rﬁﬁdﬁﬁg & hath#Bhehvy ehal® under
conditions that allow for formation of a conpl ex between the antibody, or
por t i orfransgsng gnd a hyman Hgltrhaiaddnsgenect i ng the formation of a conplex. 42. An
expression vector conprising a nucleotide sequence encoding the variable
region pf a A kietHdd oF PAidicinB URVBALSER) SF oA oﬁ%mihﬁhtmq@o&?ﬁmx filkfgs Of the
human antibody of any one of <clairs 1 to 18. 43. The exp ess%on §ector of

cl ai m 4gells {sglatdddrons a tgensgsnic gron-huneh animatl whish das a genoprecmdiprigingati@mannst ant

o b pshOR B A PRt hd e B g BT o
43, CONPGFR oNg céll Hipedssing FOFRIsIRA e hitthodich 8 od&@@bfa\@ns abhe akiffi,on havi ng
t he nucl eoti de seqﬁﬁnce shown in SES I D NO and a light chain variable

€

regi on Wiy myglomaselyiol fean iramoddghidridems sellathatsegpe thenntibod. 45. A
transfectona conprising the expression vector of any one of clainms 42 to 44.
24. A bispecific molecule comprising the human antibody of any one of claims 1 to 18 and a

binding specificity for a human antigen presenting cell (APC) or for a human Fc receptor.

25.  The bispecific molecule of claim 24, wherein the Fc receptor is a human FcyRI or a

human Fca receptor.

26.  The bispecific molecule of claim 24 or 25, which binds to the Fc receptor at a site which

is distinct from the immunoglobulin binding site of the receptor.

27. A composition comprising the human antibody of any one of ¢laims 1 to 18 and a

pharmaceutically acceptable carrier.

28. A composition comprising a combination of two or more human antibodies or antigen-
binding portions thereof according to any one of claims 1 to 18 wherein each of said antibodies

or antigen-binding portions thereof binds to a distinct epitope of EGFR.

29. A composition comprising the human antibody of any one of claims 1 to 18 and a

chemotherapeutic agent.

30.  Animmunotoxin comprising the human antibody of any one of claims 1 to 18 linked to a

cytotoxic agent.
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31.  Aninvitro method of inhibiting growth of a cell expressing EGFR, comprising
contacting the cell with an effective amount of the antibody of any one of claims 1 to 18 such
that the growth of the cell expressing EGFR is inhibited, wherein the antibody inhibits EGFR
ligand binding to human EGFR.

32.  Aninvitro method of inducing cytolysis of a cell expressing EGFR, comprising
contacting a cell expressing EGFR with the antibody of any one of claims 1 to 18 in the presence

of an effector cell, such that cytolysis of the cell expressing EGFR occurs.

33.  The method of claim 31 or 32, wherein the cell is selected from 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.

34.  Use of a human antibody as claimed in any one of claims 1 to 18 for the manufacture of a

medicament for treating or preventing a disease mediated by expression of EGFR.
35.  The use of claim 34, wherein the disease is cancer or an autoimmune discase.

36.  The use of claim 35, wherein the cancer is selected from bladder cancer, breast cancer,
colon cancer, kidney cancer, ovarian cancer, prostate cancer, renal cancer and head and neck

cancer and the autoimmune disease involves epithelial hyperproliferation or is inflammatory
arthritis.

37.  The use of any one of claims 34 to 36, wherein the human antibody is conjugated to a

binding specificity for a Fc receptor or to a cytotoxin.

38.  The use of any one of claims 34 to 37, wherein the treatment or prevention further

comprises the co-administration of another therapeutic agent.

39.  The use of claim 38, wherein the therapeutic agent is selected from doxorubicin
(adriamycin), cisplatin, bleomycin sulfate, carmustine, chlorambucil and cyclophosphamide

hydroxyurea.

40.  Products containing a human antibody as claimed in any one of claims ! to 18 and
another therapeutic agent as a combined preparation for a co-administration for treating or

preventing a disease mediated by expression of EGFR.
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41. A method for detecting the presence of EGFR antigen, or a cell expressing EGFR, in a
sample comprising: contacting the sample with the antibody of any one of claims 1 to 18 under
conditions that allow for formation of a complex between the antibody, or portion thereof, and

EGFR; and detecting the formation of a complex.

42.  An expression vector comprising a nucleotide sequence encoding the variable region of a
light chain, heavy chain or both light and heavy chains of the human antibody of any one of

claims 1 to 18.

43.  The expression vector of claim 42, 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.

44.  The expression vector of claim 42 or 43, comprising a nucleic acid encoding a heavy
chain variable region having the nucleotide sequence shown in SEQ ID NO: 1 and a light chain

variable region having the nucleotide sequence shown in SEQ ID NO: 3.

45. A transfectoma comprising the expression vector of any one of claims 42 to 44.



