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Background of the Invention Gowh factors and their cognate receptors
regul at V@MU ol iferation and 5 differentiation; and aPFEUSPVRRE |
grow h factor receptor structure, functiop and expression have been

inmplicated in the cellular transformation® and' oncogenesis. Several known

pr ot 0- oncogenes encg‘q a growh factor or _a ﬂrowth factor receptor, such as
c-sis which encode ﬁMﬁ MOEQQWH% QEIWT@W/E ain and
c-erbB which encodes the epidermal growh factor (EGF) receptor. The neu.
oncogene, also known as 10 ERBB2 or HER-2, is inplicated in the nmalignancy
of several odhld P BFd GiveafiBa. especially tunors of the breast and -

ovary. (1, Z) pI85HERZ THERZ/meu), the protein product of the c-erbB-2
gene, is a trans@myhdactorsrapddheir cognats receptorsasgulatece]l tpoolifetation and s

honol ogogs §. : tor. and | hpuaght to pl are role in the
regul ati %n% e‘tegg?&%F@%ﬁ&éﬁaﬂ%’i"f%@hﬁgﬁ'?%%P{%éﬁ%e’ ﬁMéPgag ggest t hat
the oncogendxprdssiomhaie béerdintifiidaied iM e cellula? RafSoRhAh Md GicbSéheds! Reveral
increased agbility to dinerize and internalize, as well as increased -

tyrosi ne kikTe¥@ Rreta-gnqagengsencade sgravrthfagien or asgrawih fasteraeceptaresush @s cisis

t t f ' : | . 6

At bodi os ¥ Peh ehERS BRcIE dtNER BB TR ror FTSGES BTNl BHSRHRHER [0t
potenti al meodes thermpidetnind igagwyth faston@EGF preceptot. MEhalhagsmeegeneaaldo RAOGAAS| S. .
20 of h l. I tibodies to ha been_ devel oped and
denonst [ EFBH20E HERA foifipliE i PeEi pHecs B SeHFID ek AROOEEPIROBBM h
in culture e@ﬁ@bialiﬂuﬁf&r%fth@%@isﬁand@va{g%qi8i) ;ﬁ%"w?@i@é&(néuﬁ', tﬁéﬁrd‘:éiﬁns“ or med

cells, cell surface expression of p I's required tor the malntenance
of the tr aﬂ%ﬁ@mﬂﬂ}ﬂ?em%ﬁy% genea e transmenyhrane protem tyrrosine kinase fecept8Swhich

ant i bodi es ; €l HHMDL LI t. rarowth in _25.nj,ce_ i nhacul ated
with neu trlgﬁglg?roﬁgggg {(;t)e‘ihiegﬁ ﬂ?be;c‘%%f’%%séérj{,ﬁ% t?ﬁa%%ﬁ%e b‘fn{h&sie%ggﬂn of
recept or ( E8)! growihi dndadiffeleRflation mi-ilim/cﬁlel_mggeé@ﬂmme Sbgéic (s Wi th a
conbi naj i on . _ofisgb @anoxi f en ang HER2/ neu ant i body was_enhanced conpared to
ei t her iﬁg ,ﬂ18§| o_ng?"sfﬁl)anﬁEE‘B BPA grujatiqniwith incaedsed ability tordimenias @'LHD ng

i nproved  stinRbaize sl 43heehiddlyrosRAGRR s9vi di ng safer, less
toxic alternatives to the current-t ﬁeraﬁy 8?{?& 0?%’u4|2rgz cancer. WO 01/09187

PCT/ US00/ 20272 HER2/neu is a candidate therapeutic target for the treatment of human cancer, -

especially breast cancer. (6) Antibodies that bind and modulate growth factor receptor
function have potential use in immunotherapy, as well as in the diagnosis and prognosis.
20 of human tumors. Monoclonal antibodies to HER2 have been developed aﬁd
demonstrated to have an antitumor effect and to inhibit tumor cell growth in culture and -
in animal models. (2, 7, 8) For example, in neu transformed cells, cell surface
expression of p185™" is required for the maintenance of the transformed phenotype, and
in vivo treatment with anti-p185™" antibodies leads to the inhibition of tumor growth in
25 mice innoculated with neu transformed cells. (9) M'oreover, the treatment of estrogen
recepfor (ER) positive, HER2/neu positive human Bre'.a'st cancer cells with a combination
of tamoxifen and_HERZ/neu antibody was enhanced compared to either agent alone. (é)
Accordingly, the need exists for developing improved sfrategiés for targeting
HER2/neu and for providing safer, less toxic alternatives to the current therapy for

30 human cancer.



Summary of the Invention The present invention provides isolated human
nonocl onavoanv91Bpdi es whi ch specifically bind to the HERRPCRAB0§/202Zpt or, as
wel | as compositions containing one or a conbination of such anti bodies.
In certain enbodi nents, the human antibod@-also is 5 characterized by
binding to the HER2/ neu receptor with high affinity, and by inhibiting the
growt h and/ Gunildirabf the Iaeentidt | | i ng of cells expressing HER2/neu (in vitro
and in vivo) In _the presence, of human, effector cells, Accordingly, .the
human monocl onal Thefressatinxention nrawdesisalateddnmanmenoc axggbog}eg ic or

t herapeuti c QgeRlSiJ Sind to'fe MiR3Heu fég%&', atWel139 k%ﬁ&i@%ﬂ%@ Qﬂ%ga of

the i nventi oh encomnpass various anti y ‘I sotypes, “suc

| g&3, | g&4, cdogiindtivAlof shchAtibbdiés e, certgin embuidlihehts, thy human hytibodytadse is ncl ude
| gA o d k). i sot h t | bodj be ful]]l-] t.h

199 (o 0, daSikl. and Lol selimesro e ot bodyss.£am e, LU 1o LegLr,
portion (e. Qh%éﬁ)mﬁﬁﬁd/og ﬁl@@i'a?i%g 851’kﬂlﬁngaoisdeﬂ9 hﬁprﬁi&ﬂig’]—lﬁkﬂn@ﬁ@ﬁ%ﬁr& and ) one

enbodi nent, t human 15 anti bodi es are reconbi nant- human anti bodies. In

anot her enbodvayémthe presenérofchumanreffeotogiceds. aAecopdioghycthe hugnan mherwcladeha whi ch
i ncl ud B | I. obtai ned f. tr ' -.h .ani . 0.
transgeni o mBCedieR AR INE e Srbe iR A drmnowe 3 RePeEG e i o Bgene

and a human Jjight chain transgene fused to an imortalized cell. In
particul ar enbodi nents, the antibodi es are produced by 20 hybri donas
referredl@o her eilgolaigd hupmn antilpliesyofithe inveptiorpensampassppriopsanithody dsotypes,

Thodi . i ; ) . ) . b
charact er i SRR, R O3 MARIINBAI S, 1R 15 hd 148 19biaRtly, 00 O
]:3119 1E [ J;nhte yHEoRﬁgﬁbgirﬂChﬁeéﬁwl(e'gﬂg(gkgﬁw 1150}%1 iﬁgypw fI‘:}Llebmri ef radalmbe\éﬁt‘)]gﬁ@f(l)g M1
and more pr de €215 lfblﬁﬁ'ef fﬁ@agg% é‘taa nofade rn'Yi a(azgﬁgﬁnglﬁgiipﬁepﬂm (eg.a =
associ ati on Egn . R0 : HhfiRan NOT €
preferably a%?iatﬂf‘?g%’ a‘}r?(,jr%%s%m%ltrle Er ab y_at bd?efi%SﬁﬁAé&g@' ;’“Eie) a
gi)ssgci ?1518ra2¢1b0¢t3am réaqaitiant hulmml E;L%boglee; (ji'fl aa@bdenemlﬂ)dknt sl;tlt,hepvfuafaerl gbIGy
abou -4.s5-1. more preferably..10-5,5:1 a S ef er -
170yt e biBpdies MR sRodif By B Ry¥riagma wpihocBi (R R Re@R0dRe pogtar

PCT/ USOQ 20 A¥ahsgenic non-human animal, e.g., a transgenic mouse, having a genome comprising a

human heavy chain transgene and a human light chain transgene fused to an
immortalized cell. In particular embodiments, the antibodies are produced by
20 hybridomas referred to herein as 3.F2, 1.D2, 2.E8, 1.B10 and 3.B4.
In another embodiment, human anti-HER2/neu antibodies of the present
invention can be characterized by one or more of the following properties:
a) specificity for the HER2/neu receptor;
b) a binding affinity to HER2/neu with an affinity constant of at least about 107
25 M1, preferably about 109 M-1, and more preferably, about 1010 M-1t0 1011 M-1 of
higher;
c) an association constant (K assoc) With HER2/neu of at least about 10°, more
preferably about 10* and most preferably about 10° M'S™;
d) a dissociation constant (Kgis) from HER2/neu of about 10-3 s-1, preferably
30 about 104 s-1, more preferably, 105 571, and most preferably, 10-6 s-1;

e) the ability to opsonize a cell expressing HER2/neu;



f) the ability to inhibit growth and/or nediate phagocytosis and killing of
cells eyxy W9 HER2/neu (e.g., a tunor cell) in the preaAReReH2 human
effector cells at a concentration of about 10 g/m or less (e.g., in
vitro); or g) the ability to be internalizzed by HER2/ neu expressing cells
after binding to 5 HER2/ neu. Exanples of tunor cells which can be targeted

by the human ant ] | f . L] ' | : I dt
a% adenocar ci nongqgg#ﬁﬁwgodmggﬂ*%% g@gﬁiéaﬁk@%ﬁ%@ﬁa%m@gﬁ‘é df%gﬁéramm’rgr y
gl and car ci egpressitg HER2/neh (g, £ tunwrieeiipinahé presence gfi humars effedtor cells at moma -

cell, and an ovari an cancer cell 10 I n one enhodi nent, isolated human
ant i bodi es encentzatiomaf abews Ogieaml ?’blefﬁ‘@g’FEP@' e®f antigen with an affinity

or ot orabl y, aboul) DhaoRL o UetfuciheedbHERRAL dipRiting il M yiifilp,

stronger s aHgRaneucapabl e of i nhi bi t| ng growth and/ or nedi ating
phagocytosis and_ killing of ce pre sin R2/ neu b n effector
cells, e.g., pol¥ mﬂ‘ﬁ% @F@ér"eh gﬁﬁ&ﬁyﬁhﬁﬁwaﬁﬁﬁ%

macr ophagesmvg\ﬁt$ g%glt Qf/e rﬁ'&PﬁHﬁte& td‘ aﬁQdan&R'indn?asc%ll e8! safiVar¥ gland,

concentration o 'ess in vitro. In certain e odlrrents a
human ant i -Hﬁﬁaéh\md ladne)baai)mmhalwtﬂandmamomcﬂk zlvag sarcimomacagllny -

i nhi biting growt d/ or | tolysis and killing of cells

expr essi ng gmwﬂéﬁgg’fargneﬂﬁ%ﬁt g%‘Pé’&an a&ﬁ?ﬁﬁeﬂS 10g/ mi’, preferably about
1-5 g/ myp or norg, &{e@xﬁéﬁhhamaﬂa@lufedmuﬂmhmﬁmdmsrbftaamemm bihditcathet her
aspect the i nvention prOV|des nucl eic acid nnlecules ﬁpdlng t he

ant i bodi es, HER2Mneniantigerhwithian gffiniytconstant of pt least abawtdl®iM pvs&rablauahgw

r econbi nant essian Jin T0ctedinn cleic -
aci ds- of théogaﬁel ?rer?refgga?\’%’oﬁ lim F{fl %Aans e‘;}gf gi%\z%%sagh vggtng@u ar:a

al so enconpassfiighy ahd\greicapahid bhnhlbamg%'rowﬂ'eanmmndhatnfg phagoaytpsisend

anti bodi es of . the_invention t he

aspect, t hekilkingefie ﬁe’fﬂrﬁiﬂ’\ﬁgﬁEﬁz)ﬂF‘éE’%g Bag Sﬁe‘ém E‘%%gti’?;ﬁg‘a OBu&ear
non-hungg agj ﬂ%bmfsg%r Im-yt:ﬁmé@ﬁﬁbfopﬁzg&ewmfah ?@%@Bﬁ&ﬁpﬁmlﬁ'm SBEESSi Ng

vari ous | sot ypes I gA and/ or uman nonocl onal
anti bodi es bMta@nemufauombfayboubm;lgm dﬂr{ﬁﬁhmearo Dneé:@abm;apdnmeetsu, 8ol ated B-

cells are obtalnedfromatra e non 30 hupan an
transgeni c hynapantigiERe, W@BE@%’ &ﬁﬁﬁ’d’i"?’é‘lf’%f’ arge ?ﬁ@yé&ﬁﬁﬁlﬂg&ﬁ?med
preparatio na&? Hﬁgﬁéﬁ\%ﬁ&?&%ﬁa RIMGHgSE oA la:spressﬁfgqsskmﬁeﬁ B ¢dnbatRtion

recept or. ransgeni ¢ non- hunman ani mal , a transgehlc
nmouse, has af aifot 5- IOp,g/ml preferably about 1-5 pg/ml, or more preferably about 0.5-1pg/mlin -
20 vitro.

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

25 are methods of making the antibodies of the invention by culturing these host cells.

In yet another aspect, the invention provides isolated B-cells from a transgenic
non-human animal, e.g., a transgenic mouse, which are capable of expressing various
isotypes (e.g., 1gG, IgA and/or IgM) of human monoclonal antibodies that specifically
bind to HER2/neu. Preferably, the isolated B cells are obtained from a transgenic non- -

30 human animal, e.g., a transgenic mouse, which has been immunized with a purified or
enriched preparation of HER2/neu antigen and/or cells expressing the HER2/neu

receptor. Preferably, the transgenic non-human animal, e.g., a transgenic mouse, has a

HI



WO 01/ 09187 PCT/ USOQ 20272 -4 genone conprising a human heavy chain

t ransgeneygndosshhuman |ight chain transgene. The i sol at e@cBrussb/e7ar e t hen
imortalized to provide a source (e.g., a hybridoma) of human nonocl onal
anti bodi es to HER2/ neu. Accordingly, the-gpresent invention also provides a
hybri doma capabl e of 5 produci ng human nonocl onal anti bodi es t hat

speci fi cal | yehbMe chmptisie aMathan HeaR éhairf FRAGEAEANd a hultRar gt IcHAIRRranBEdnedes a
B cell obtained froma transgenic rfon-human™ animal, e.g., a transgenic
mouse, havi rihedsajated Becellsiape then immertalizedito peexide a Beriree (e:8-ambyjwidomm of o

human |ight ,chai n transgene..fuse lmortalized cell. The transgenic
non- human a&“ﬁ%“%%’h°"g°égf?{ﬁll’ﬁﬁ&eég° W?rgupuri fied or enriched preparation
10 of HER2/ neu anAécaedinglydithepréseht ifivéntionlsd provideea fbirionficapstlepfor t o
generate _antibody-produci ng hybridomas. Particul ar hybridomas of the

i nvent i or® i rgpdusangshyrpan menggiona aptghodiesphatepegificallyind tHEBL/gro fmene

aspect, the jnveant] R QY hG 5 We:1h ] s a
Fransgent ¢ MBUASIRERC R HIbASiN el B R B ottt HEMh EilisPBiie nomERall ©
15 nonocl onahimall &.gQditemsgdnid mopseshdvisgh byndmécompridilig® himdan héavyachain
particul ar enbodi nent, the transgeni c non-hunmgn anjmal is t sgeni c
mouse havi ndraRsgragnd adwmsn;lighh ghain transggne EEQ@PWOW%gﬁ%IL nd a hunman
| i ght chain = R . B8N 1iz R b : ' Lzad
with a puri ft?g[eng or feiﬁ}Pc g%%‘?{eagar ateiclon o%leEm?ﬁ?ghﬁg%?fggh&g% /gr ce?l S
expressi b tdfdIERRAtmantigen @apgdloocellskxpfessing the, HER@/nen sevspioniacganerat€0 hunman

imal, e.g., . the t geni ¢ . oy |l.e of duci | 1i.pl
S0t ypes. of SHBRGAPIBIOOE ORISR Boteulet iy orfe e PR L oeL e bR a2,
119G 1 gA and/pp, 2. 88) 1840 aH@dE400i ng V-D-J reconbi nation and isotype

sw tching. |sotype switching may occur_ by, e.g., classical or .
non- cl assi cal i sdnysbarather@Bpacy the invertinnrpvidepe transgenis nopgwaan animalat i on

provi des net duci I ki | '

Cpec 1 cal Ty ek et BondeARIEY RS (IR @loBaRGS MY, WAL ERA Rlloan,

I muni zi 0§ ambnctiergd antibodies -tiu spevificallydind ©. JER2aet.r bns paticwlanemisedimehgvi ng
a genone conprising a human hea\é%?lchai n transgene _and a human |ight, chain

t-r ansgene, £ fransggpicinon auHpal R a transeeple Mevss havige agepoms SOmpRFing &,
and/ or cel | syunehH; ' %@EB%‘ ; ic B
cells) of t?\heu ani rfcg??g}rﬁgn?lﬁgs 30 oﬂfgﬁgtﬁﬁgﬁﬁ%ﬁé&d}%&?h%%@gﬁnﬁ to
f.or m i mmor t iumandmmalcn bedmmunizedwitheapwified dnemsicherdopreparatien of HERBiodiie s

agai nst HERZa{nﬁggn and/or cells expressing the HER2/neu receptor. Preferably, the transgenic non-

7]

20 human animal, e.g., the transgenic mouse, is capable of producing multiple isotypes of
human monoclonal antibodies to the HER2/neu receptor (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 human

25 monoclonal antibodies which specifically react with HER2/neu. 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, with a purified or enriched preparation of HER2/neu antigen and/or cells
expressing the HER2/neu receptor. B cells (e.g., splenic B cells) of the animal are then

30 obtained and fused with myeloma cells to form immortal, hybridoma cells that secrete

human monoclonal antibodies against HER2/neu.



WO 01/ 09187 PCT/ US00/ 20272 -5 Isol ated anti-HER2/ neu hunman nonocl onal
ant i bodi gg, ;0912499 invention, or antigen binding portiongciifRosefy can be
derivatized or linked to another functional nolecule, e.g., another
peptide or protein (e.g., an Fab' fragnegt. or ScFv antibody, or a tunor
ligand). For exanple, an antibody or antigen-binding portion of the

i nvention can 5 ﬂgka{eld%h'- BERL Ik hﬁﬁﬁﬂﬁé?%gg%l)anybwmﬁﬂé inv e fﬁ‘gr genetic

f usi on, noncoval ‘én associatl on or / O one or nore o
mol ecul ar ediitigkn bindirpsditions theredf) edn baddrivatizkd c(rdn(ked twaruitlsgy fanctionalor a

mul ti specific ant| body) .. Accor.di ngl anot as ect e present
i nvent Pon fpgleghlgse-&- %‘P qepti QT?PI%GF’({1% eIt of §°]%Y)‘?|‘BB1 gy’rﬂj At
| east one s %ngicgd FBPe éfdn%huoci rdﬂﬁ -Bﬁlzh riorP GRS thvehtish &

specificity an recept cyRl ( 4) or a human Fca
recept or5( Cﬁﬁﬁhctldnallyrlmkeéfd:gmbmdwmlcal Iqelsidlngb ger&tld fm:m, ingpeeyelent nol ecul es

further include a tunor cor ng | tispecific
nol ecul es oﬁss?%%t‘qw&ﬁl?‘?rﬁ'ﬁ%gpos@ei%@q}'ﬁg H"Qb"’@@f dtidd %iépgg” 0!11%' c and
ot her mul ti spely (g ”Dbﬂﬁéﬂlﬁ@ or 4 PuBispédific GntiddyR rm&ﬁirdﬁﬁgly, inundfRE hdpeet, and
mul tispecific no nol ecul es of the 15 invention conprise at | east one human

anti body, othe pre;gmamemlha featires a bispecifip ormpltispegific mopecyle comprisipg ab feagt

S I h h bi f I tipl
uman ant | SO TBLTGR PRt iok HERRa ol afphil ifiing Sellityiize "L P) D
Fv, 0or10 Stebéptér, /g3 ihnian FeyRNED64 T)@ﬁﬁh&hﬁﬂFbﬂQédeﬁE)r (CDBERrInwheor a
humanl zed" anti bo y portions or fragnments ( e.% a_"humani zed" antclrhbody

that has a smboditeat, these bin an@mu&ﬂspggﬁg moiqyu]gs r@@m%ﬁwr
regi on (CDR f t h
B e e T L

mul ti speci fﬂeﬁaipéblﬁ@lah&%tl&i-mduespbaﬁeniolmulesncl ude at |east one anti body or
fragnent thereof that binds to,an Fc recg such,

receptor, i.e., W pEtiglargm l?‘?é’é‘@f)‘?toﬁ"sf(q‘—"éey%“% ’EWHFP?‘&? W%F&f%h?

FCyRI | (@321}1%&% &ﬁmﬂftﬁ&{ %l'eﬁst@gpﬁ@lan Ritikd P Lrataghfentiefdd8 @.g., & il Fapd Fc -

receptors include the high finity FCcyRl receptor and FcaR recept or

(CD89). Fc aFﬂab'éadeVngRSlnah@hpmé?Vé{ Sueh bit mfbg@peqlfé%@pl?&ﬁkss caringde; ¢ he

yention MR b athigd MBI SRR R e BT RS

expressed apr d¥iggle chaifFy),(0d@r carbalé®ihclide "Eliifherie’ o THumaniZe)l” amitiody or s of -
cytotoxic 30 activities . 9., ADCC, . phagogcytosis); (4 di ate enh nced
anti gen pr eB‘é’HP'&%?f(fFﬁgmengsa(ﬁtﬁ ,@eﬁé‘mapwgﬁ?ﬁt%a%@w% Y%)'EHE" eglgf‘g‘gtaé

them |ppa praffiehietafifPadiififting rédién (CDR), derived from a non-human antibody (e.g.,

murine) with the remaining portion(s) being human in origin).

In general, bi- and multispecific molecules of the invention include at least one
antibody or fragment thereof that binds to an Fc receptor, such as a human IgG
receptor, i.¢., an Fc-gamma receptor (FcyR), such as FcyRI (CD64), FeyRII(CD32), and

25 FcyRIII (CD16), or a human FcaR (CD89). Preferred Fc receptors include the high
affinity FcyRI receptor and FcaR receptor (CD89). FcaRI and FeyRI are preferred
trigger receptors for use in the invention because they are (1) expressed primarily on
immune effector cells, e.g., monocytes, PMNs, macrophages and dendritic cells; (2)
expressed at high levels (e.g., 5,000-100,000 per cell); (3) mediators of cytotoxic

30 activities (e.g., ADCC, phagocytosis); (4) mediate enhanced antigen presentation of
antigens, including self-antigens, targeted to them. In a preferred embodiment, the

bispecific and multispecific molecules bind to an Fc receptor at a site which is distinct

H1l7]



bi specific and multispecific nolecules bind to an Fc receptor at a site
which iswipstnaner 111111 WO 01/09187 PCT/ USCQ 20272 -6 f PORUSHGZ20272

i mmunogl obulin (e.g., 1gGor IgA) binding site of the receptor Ther ef or e,
the binding of the blspeC|f|c and nul tis@ecific nolecules is not blocked
by physiol ogical [|evels of inmunoglobulins. . In another aspect, the

present i nVeyynm fhe 1ﬁﬁﬁiﬂé”gkﬁ>uﬂn (BRI GOF IgA‘jﬁiﬁdlﬁ@Un&oﬂhé rdveptor. Therdfore,aberent
t hereof, conjugated to t herapeutic noiety, e. cyt ot oxi c drug an

enzymat i cal |b;n f/@etbeﬂppwﬁcen mdnsagwﬁﬁmlmﬂ@ds notablp'é@#&ngs@gl a
small nole mm ug. In another aspect, the present invention
provi des taﬁ%ve?s S %g&’%ﬂgé:tor cells which conprise an effector cell

expressing an Fc Ihaﬁembﬂéspea, e pra3eninventionFeatarves ahumhf aatitHER2/aeu PWN cel |,
and a b|s ecifjic. or mul ti speci fi nol ecul e of the inveption. |In anofher

aspect, the aﬁ?‘b%% pra WSWPPUHCT}SP sryugated 19,2 therapgiic meiety, €8 FetoteXicyt i cal
d di
and di agnost&ng I east ha ﬁ&ﬂg acMﬁh&?Mﬁ?gﬂgﬁrtE&ggpg?&ﬁ% Lsé(to -G Rlsaie

carrier and at® man nonocl onal ~anti vention, or an
antigen- bi ndmlagllpanti-cmet&mgeof whi ch specifically bi nds to HER2/ neu. In

one enbodi ment, the tion canprises a onblntlo of .t he h n
antibodi es or antl P@Qﬂé‘ﬁf tlheMﬁSF?th ntpﬂéngggaestﬁ;gg cy:fgegg“c ﬁs whi ch

binds to a. Gl:lzlﬁ&lh&'&h ﬁfyéfmﬁcto%@éu smmhﬁghaxapc fé@@ﬁtﬁﬁ@%Utdﬁﬁérgﬁlﬁ‘@%hﬁ' on

conprising a human nnnoc onal antibody that nediates hi fective
killing W taaug@cd EMN gell,and hénspp@ﬁemmubﬁspsmﬁéamdcad@of emnben conbi ned’

w t h anot her Qcl onal ,ant | bod h of cells
expressi ng 20 HE&QPHS o aﬁl?uat th?l%esgla HH{%P ‘E?%v‘l;o e&olg%o & therapies
tailored to ;mamxa«éan&&end ﬂﬁghémmcbb@bﬁﬁeﬂé icompeisiag Iatphaﬁﬁm‘,ﬁ@ﬁdally%&ptﬂ)l@ ;o

phar maceuti cal . conposjti ons npri s n a conbi pation of at |east one
human rmnoclcéﬁ'bﬁr apd @t lsaﬂynshumﬂ@mqw@ﬁp Stibody obAE inyeRLEH, Q8 AR ANUERATY | ons

t hereof, and, I W
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nul ti speci f ihighlyte eﬁugc)klﬂmgtoﬁ target\eeHs indhe prasersgeof effector cells can be combined
with another human monoclonal antibody that inhibits the growth of cells expressing

20 HER2/neu. 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,
or antigen-binding portions thereof, and at least one bispecific or multispecific molecule
of the invention, are also within the scope of the invention.

25 In yet another aspect, the invention provides a method for inhibiting the

_ proliferation and/or differentiation of a cell expressing HER2/neu by inhibiting growth
and/or by inducing phagocytosis and/or killing of target cells by human effector cells,
such as human polymorphonuclear cells (PMNs), using an antibody, or antigen-binding
portion thereof (or a bispecific or multispecific antibody) of the invention. In one

30 embodiment, the method comprises contacting a cell expressing the HER2/neu re(;eptor
either in vitro or in vivo with one or a combination of human monoclonal antibodies of

the invention, or an antigen-binding portion thereof, in the presence of a human effector



30 enbodi mrent, the nethod conprises contacting a cell expressing the

HER2/ neu fﬁm either invitro or in vivo with one opcg seiRAati on of
human m)yl‘f)(g ona#]’r anti bodies of the invention, or an antigen-binding
portion thereof, in the presence of a hysman effector WO 01/09187

PCT/ US00/ 20272 -7 cell. The nmethod can be enployed in culture, e.g. in
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di sease suc{he;aggﬁﬁcgg%ﬁhyimﬁbpﬁm&m phagocytosis and/or killing of cells
expressing the"HER2/ neu receptor is induced, In_ one enbodinent, the
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col ony- st i nphagesytiesis and/eykillingofeells gqpmamg&e[ﬁ P EsAeRIpE is induced. In
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treated (e. @@Eﬁ?ﬁﬁ%@&i@’d@%ﬁ%@ﬁ?ﬁ@&%%@ﬂ&ﬁﬁy 'j)l‘iffteE'B ositions
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Such tunori genic di seases 1nc enocar cl no . salrvary gl and,
st omach andmleduleyinclodenofarsnulocyteicaomyestimulating factpr (GrCShograpulegrienous cel | -

25 carcinoma, and ovayian cancer._In t t her .aspe the esent
i nvention pF’é%‘PH’é@e§°{?€VT§HHI“?%F‘ng@Tt8’C@\4'g€$E}’ "Eﬁff%‘{)'és?fﬁﬂﬂkm‘g X presence
of the HERZ{;&%&isaﬁEﬂogmﬁ a sanple, e.g., for diagnosing a S ,

HER2/ neu-rel ated di sease.” In one' enbodinent, this is achi eved by
contacting a sanisblated human monoclonal antibody compositions of the invention also can be

20 administered in combination with other known therapies, e.g., an anti-cancer therapy .

- Exemplary diseases that can be treated (e.g., ameliorated) or prevented using the
methods and compositions of the invention include, but are not limited to, tumorigenic -
diseases. Such tumorigenic diseases include an-adenocarcinoma, e.g. salivary gland,
stomach and kidney, mammary gland carcinoma, lung carcinoma, squamous cell

25 carcinoma, and ovarian cancer.
In yet another aspect, the present invention provides a method for detecting in
vitro or in vivo the presence of the HER2/neu antigen in a sample, e.g., for diagnosing a-
HER2/neu-related disease. In one embodiment, this is achieved by contacting a sample
to be tested, along with a control sample, with a human monoclonal antibody of the
30 invention, or an antigen-binding portion thereof (or a bispecific or multispecific
molecule), under conditions that allow for formation of a complex between the antibody

and HER2/neu. Complex formation is then detected (e.g., using an ELISA) in both

HIIn



to be tested, along with a control sanple, with a human nonocl onal anti body
of the 30wiOomagais7zon, or an antigen-binding portion thereofpdBtsd/0sBpreci fic
or nmultispecific nolecule), under conditions that allow for formation of a
conpl ex between the anti body and HER2/:nelg- Conplex formation is then
detected (e.g., using an ELISA) in both i.ll IAd W 01/09187 PCT/ US00/ 20272
8 sanpl es, agdn afd aiy sthtistRblly sighifidhnt difféYenct ihitRE forhfatil Eﬁﬂ}g tion of
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antigen in tbhetweensthe samples és indicative the preserce ofithe HER2/Mmeugntiger intthe tashst ant

I nvention be%@rent fromthe 5 follow ng detail ed description and
clainms. Brief Scription of the Drawings Figure 1 is a schematic diagram
of the targeted iOurrfiaiteoindadvantagaseiahé Msiaft Rvehtivh 5 @patent o the he |
exon. Panel A depicts the genomc structure of the |ocus, 10 where the
filled boxesiollopingdstaileddescriptionandplgiap. B i s a schematic di agram of the
CnD targeting vector. Panel C depicts the targeted |ocus in which the neo
cassette has been inserted into|. Figure 2, panel Ais a bar graph

depi cti ng t hBrief Descriptivin efithe DifaRtdgseu anti bodi es from three hybri doma

cultures, 1.D2, 2FE8’ an 3. F2, ,ta, reconpi nant 15 HER2/ neu, as neasured by
ELI SA; panel B i sFBUf A fbpmatic digetamotihe taragied insgrtionsof ameo gasseitefate/ neu

anti bodi es 3pE{mad. £ : B @&iﬁs FR4L P i.gen shed
fromtunor cells, gig@%e%gl?ﬁeéﬁgyPé%lﬁ_ | ggl%eéeg?llﬁ'pane g“ﬁ-ggheg?elé’c‘éﬁ‘aphs
conpar i nd0t hwhérenik filledboxies réprésesit the fiRsxoad)t PanelBRE & BeheniHR g2 Ad of the
antibodies (Il .D2, 2.E8, 3.F2, 1.B 10 and 3.B4) to SKBR-3 (A and 20 B) and
BT-474 (C) tGmb} tapgeting veetar. gRane Cdepisys the tagetgd pecusyin whighuthe ndo cassetteyr aph
conparing t inding.of. purified human anti - HER2/ neu nonocl onal anti body
F(ab')2 fragﬁr%n e%’gjt"ég’fﬁé{‘&ﬁ’d“ .E8) to tunor cells (SKBR-3, BT-474 and A43
1), as detected bfightoOd) pemblOARd Var graghteBicing AR Kihdind oA BIE raphs
depicting the jnhi gibt [ onﬁzof SK_BR—?»g'ltguﬂﬁ'rlore6 Zggcel I grngwt %y p%/ﬁ?l?ed human
ant i - HER2/ neantivgdise fromethree hybrdoma ealtures, 202, 2. B8, ead 4kP, t@reedinbimst measur ed
?ﬁ m(;?l Le?? n;f;lg%/ﬁlgg%ﬁrrﬁeagufea b@ éifl@RE‘ pgﬁel? 'chg Iarégapthhciaepicrtlirr]llg : et f)igain%fof %555&3
- anti-HER2/neu antibodies 3.F2, 2.E8, 1.D2, 1.B10, and 3.B4 to HER2/neu antigen shed
from tumor cells, as measured by ELISA.

Figure 3, panels A-C, are graphs comparing the binding of purified human anti-

HER2/neu monoclonal antibodies (1.D2, 2.E8, 3.F2, 1.B10 and 3.B4) to SKBR-3 A and
20 B)and BT-474 (C) tumor cells, as detected by flow cytometry.

Figure 4 is a graph comparing the binding of purified human anti-HER2/neu
monoclonal antibody F(ab'), fragments (3.F2 and 2.E8) to tumor cells (SKBR-3, BT-474
and A431), as detected by flow cytometry.

Figufe 3, panels A and B, are graphs depicting the inhibition of SKBR-3 tumor

25  cell growth by purified human anti-HER2/neu monoclonal (1.D2, 2.Eg, 3.F2,1.B10 and
3.B4), as measured by cell density.

Figure 6 is a graph depicting the inhibition of SKBR-3 tumor cell growth by
purified human anti-HER2/neu monoclonal antibody F(ab'), fragments (3.F2 and
2.ER), as measured by cell density. '

30 Figure 7, panels A and B, are graphs depicting the inhibition of BT-474 tumor
cell growth by purified human anti-HER2/neu monoclonal antibodies (1.D2, 1.B10,
3.B4, 3.F2 and 2.E8) and their F(ab'), fragments, as measured by cell density.
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Figure 13 is a schematic representation of a chemically conjugated bispecific
molecule, made up of the the fab’ fragments of 14.1 and 3F2 (anti-HER2), used as
20 positive control.
Figure 14(a) is a bar graph showing screening (binding) assays for fusion
. proteins 931 and 934 expressed in transfectoma supernatants as measured by flow
cytometry analysis. Transfected (931 & 934) and untransfected (NSO) supematant-was .
incubated with either SKBR-3 or A431 tumor cell lines. Binding of fusion protein was
25 detected by staining with goat anti-human IgG fab-2 conjugated to phycoerythrin.
Figure14(b) is a bar grapg showing ADCC analysis of fusion proteins 931 and 934.
Chromium release assays were done with an incubation period of 16-18 h and an
effector (monocytes, PMN) to target (SKBR-3, A431) ration of 100:1. Tumor cell
killing was detected using transfected (931 & 934) and untransfected (NSO) supernatant

30 to mediate specific lysis.
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cytometry) of 10 single-chain fusion protein 934 to A431 cells. This
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tunmor cells which (gver-ex ress,.the EG--R were used. A fusion protein

consi sting APAHECSRER2PPY H%?ﬂmeP 14.1 fused to EGF was used as a positive

control, and 14. Irigakr &5 #a @ aﬁl@ﬁlﬁiwmgbﬁﬂiﬁgf(f@kmeﬁslﬁéu%ﬂ&v‘@t@né}f‘?@f showi ng
PWN (effect or cell)-nedi ated cgt ot oxicit 15 SKB (a)) and
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(effector cell)-nediated c It 0 SKBR3 gure 18(a)) and BT474
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over - expr essindan effector to target ration of 100:1. 14.1 fab-2 was used as negative control in each
experiment.
Figure 18 is a graph showing monocyte (effector cell)-mediated cytotoxicity of
20 SKBR3 (Figure 18(a)) and BT474 (Figure 18(b)) tumor cells by single-chain fusion
protein 931. Chromium release assays were done with an incubation period of 16-18 h
and an effector to target ration of 100:1. 14.1 fab-2 was used as negative control in each

experiment.

25 Detailed Description of the Invention

The present invention provides novel antibody-based therapies for treating and
diagnosing diseases characterized by expression, particularly over-expression, of
HER2/neu growth factor receptor (referred to herein as “HER2/neu”) and/or related
receptors. Therapies of the invention employ isolated human monoclonal antibodies, or

30 antigen-binding portions thereof, which bind to an epitope present on HER2/neu. 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



HER2/ neu growt h factor receptor (referred to herein as "HER2/ neu") and/or

rel at ed “f(? \$r s. Therapies of the invention enploy isqlcigssoResan
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to an epitope present on HER2/neu. In ongp-enbodi ment, the human anti bodies
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20 HER2/meu-antigen mediates effector cell phagocytosis and/or killing of cells expressing '
HER2/neu. .
As used herein, the term "antibody" refers to a glycoprotein comprising at least
two heavy (H) chains and two light (L) chains inter-connected by disulfide bonds. Each
heavy chain is comprised of a heavy chain variable region (abbreviated herein as HCVR
25 or VH) and a heavy chain constant region. The heavy chain constant region is
comprised of three domains, CH1, CH2 and CH3. Each light chain is comprised of a
light chain variable region (abbreviated herein as LCVR or VL) and a light chain
constant region. The light chain constant region is comprised of one domain, CL. The
VH and VL regions can be further subdivided into regions of hypervariability, termed
30 complementarity determining regions (CDR), interspersed with regions that are more

conserved, termed framework regions (FR). Each VH and VL is composed of three

CDRs and four FRs, arranged from amino-terminus to carboxy-terminus in the




| i ght chain variable region (abbreviated herein as LCVR or VL) and a |ight
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20 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
Huston et al. (1988) Proc. Natl. Acad. Sci. USA 85:5879-5883). Such single chain

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

portion” of an antibody. These antibody fragments are obtained using conventional
25 techniques known to those with skill in the art, and the fragments are screened for utility
in the same manner as are intact antibodies.

The term "bispecific molecule” is intended to include any agent, e.g., a protein,
peptide, or protein or peptide complex, which has two different binding specificities
which bind to, or interact with (a) a cell surface antigen and (b) an Fc receptor on the

30 surface of an effector cell. The term "multispecific molecule” or "heterospecific
molecule" is intended to include any agent, e.g., a protein, peptide, or protein or peptide

complex, which has more than two different binding specificities which bind to, or
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site-specific mutagenesis in vitro or by somatic mutation in vivo). However, the term

"human antibody", as used herein, is not intended to include antibodies in which CDR
sequences derived from the germline of another mammalian species, such as 2 mouse,
have been grafted onto human framework sequences.

25 The terms "monoclonal antibody" or “ﬁ_wnoclonal antibody composition" as used
herein refer to a preparation of antibody molecules of single molecular composition. A
monoclonal antibody composition displays a single binding specificity and affinity for a
particular epitope. Accordingly, the term "human monoclonal antibody" refers to
antibodies displaying a single binding specificity which have variable and constant

30 regions derived from human germline immunoglobulin sequences. In one embodiment,
the human monoclonal antibodies are produced by a hybridoma which includes a B cell

obtained from a transgenic non-human animal, e.g., a transgenic mouse, having a

ol
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non-human organism producing such an antibody. This term refers to an antibody

20 having an amino acid sequence or an encoding nucleic acid sequence corresponding to
that found in an organism not consisting of the transgenic non-human animal, and
generally from a species other than that of the transgenic non-human animal.

As used herein, a "heterohybrid antibody" refers to an antibody having a light
and heavy chains of different organismal origins. For example, an antibody having a

25 human heavy chain associated with a murine light chain is a heterohybrid antibody.
Examples of heterohybrid antibodies include chimeric and humanized antibodies,
discussed supra.

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

30 isolated antibody that specifically binds to HER2/neu is substantially free of antibodies
that specifically bind antigens other than HER2/neu). An isolated antibody that

specifically binds to an epitope, isoform or variant of human HER2/nen may, however,
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20 The term "K 50 "> as used herein, is intended to refer to the association constant

of a particular antibody-antigen interaction.
The term "K 4;s", as used herein, is intended to refer to the dissociation constant
of a particular antibody-antigen interaction.
As used herein, "isotype" refers to the antibody class (e.g., IgM or IgGlI) that is
25 encoded by heavy chain constant region genes.
As used herein, "isotype switching” refers to the phenomenon by which the
class, or isotype, of an antibody changes from one Ig class to one of the other Ig classes.
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
30 nonswitched isotype is typically the first CH gene immediately downstream from the
functionally rearranged VDJ gene. Isotype switching has been classified as classical or

non-classical isotype switching. Classical isotype switching occurs by recombination

HIH
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being more similar to said pattern of glycosylation in the species of the nonhuman

20 transgenic animal than to the species from which the CH genes of the transgene were
derived.

The term "naturally-occurring” as used herein as applied to an object refers to the
fact that an object can be found in nature. For example, a polypeptide or polynucleotide
sequence that is present in an organism (including viruses) that can be isolated from a

25  source in nature and which has not been intentionally modified by man in the laboratory
is naturally-occurring.

The term "rearranged" as used herein refers to a configuration of a heavy chain
or light chain immunoglobulin locus wherein a V segment is positioned immediately
adjacent to a D-J or J segment in a conformation encoding essentially a complete VH or

30 VL domain, respectively. A rearranged immunoglobulin gene locus can be identified by

comparison to germline DNA; a rearranged locus will have at least one recombined

heptamer/nonamer homology element.
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antibody, SEQ ID NO:9 and 10 correspond to the VH of the 2.E8 antibody, and SEQ ID
20 NO:11 and 12 correspond to the VL of the 2.E8 antibody. '

For nucleic acids, the term "substantial homology" indicates that two nucleic

acids, or designated sequences thereof, when optimally aligned and compared, are
identical, with appropriate nucleotide insertions or deletions, in at least about 80% of the
nucleotides, usually at least about 90% to 95%, and more preferably at least about 98%
25 to 99.5% of the nucleotides. Alternatively, substantial homology exists when the .
segments will hybridize under selective hybridization conditions, to the complement of
the strand.
The percent identity between two sequences is a function of the number of
identical positions shared by the sequences (i.e., % homology = # of identical
30 positions/total # of positions x 100), taking into account the number of gaps, and the
length of each gap, which need to be introduced for optimal alignment of the two

sequences. The comparison of sequences and determination of percent identity between
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GCG ft a t. htt g Co using either a
Bl 0ssum 62 mat 1| X1 e 4@&0?‘?‘& Se"éﬁﬂ % ngﬁiegh’cnvslﬁnwanlfxﬂh%’e 10,
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and protein sequences of the present invention can furt

_ _ identify related sequences. Such searches can be performed usmg the NBLAST and
XBLAST programs (version 2.0) of Altschul, et al. (1990) J. Mol. Biol. 215:403-10.

20 BLAST nucleotide searches can be performed with the NBLAST program, score = 100,
wordlength = 12 to obtain nucleotide sequences homologous to the nucleic acid
molecules of the invention. BLAST protein searches can be performed with the
XBLAST program, score = 50, wordlength = 3 to obtain amino acid sequences
homologous to the protein molecules of the invention. To obtain gapped alignments for

25 comparison purposes, Gapped BLAST can be utilized as described in Altschul et al.,
(1997) Nucleic Acids Res. 25(17):3389-3402. When utilizing BLAST and Gapped
BLAST programs, the default parameters of the respective programs (e.g., XBLAST
and NBLAST) can be used. See http://www.ncbi.nlm.nih.gov.

The nucleic acids may be present in whole cells, in a cell lysate, or in a partially

30 purified or substantially pure form. A nucleic acid is "isolated" or "rendered
substantially pure” when purified away from other cellular components or other

contaminants, e.g., other cellular nucleic acids or proteins, by standard techniques,
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g V\l'lndpcates that the sequences are capable of effecting switch recombination.
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20 The term "vector”, as used herein, is intended to refer to a nucleic acid molecule
capable of transporting another nucleic acid to which it has been linked. One type of
vector is a "plasmid”, which refers to a circular double stranded DNA loop into which
additional DNA segments may be ligated. Another type of vector is a viral vector,
wherein additional DNA segments may be ligated into the viral genome. Certain

25  vectors are capable of autonomous replication in a host cell into which they are
introduced (e.g., bacterial vectors having a bacterial origin of replication and episomal
mammalian vectors). Other vectors (e.g., non-episomal mammalian vectors) can be -
integrated into the genome of a host cell upon introduction into the host cell, and thereby
are replicated along with the host genome. Moreover, certain vectors are capable of

30 directing the expression of genes to which they are operatively linked. Such vectors are
referred to herein as "recombinant expression vectors" (or simply, "expression vectors").

In general, expression vectors of utility in recombinant DNA techniques are often in the

HITS
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20 (1975). Although somatic cell hybridization procedures are preferred, in principle, other

techniques for producing monoclonal antibody can be employed e.g., viral or oncogenic
transformation of B lymphocytes.
The preferred animal system for preparing hybridomas is the murine system.
Hybridoma production in the mouse is a very well-established procedure. Immunization
25 protocols and techniques for isolation of immunized splenocytes for fusion are known in
the art. Fusion partners (e.g., murine myeloma cells) and fusion procedures are also
known.
In a preferred embodiment, human monoclonal antibodies directed against
HER2/neu can be generated using transgenic mice carrying the parts of the human
30 immune system rather than the mouse system. These transgenic mice, referred to herein
as “HuMADb” mice, contain a human immunoblobulin gene miniloci that encodes

unrearranged human heavy (u and y) and « light chain immunoglobulin sequences,



subsections. 15 1. Production of Human Anti bodies to HER2/ neu The

nmonocl onglq gfajeidedi es (mAbs) of the invention can be progigapgsobyex?2vari ety
of technlques I'ncl udi ng conventional monoclonal antibody nethodol ogy e.g.,
the standard somatic cell hybridizati omgechni que of Kohler and M stein,
Nat ure 256: 495 20 (1975). Although somatic cell hybridization procedures -
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™ Lonbor g, (RS3) Hauns Crariias a7 0RIEK Rr Pt o B MARSf b3y 48R3 11 °"

Lonberg, N 1agflohldfdia{199 J(IA&.%M hs&mm-zsﬁ@ax, hbary @pkl., (V894) Nadire65- 93, and
Hardi ng, F. andllr< onagr X (19 z Ann. A ?ﬂfg Sci (764)536 r§46) The

pr 3}03; ati on36ﬂ(6ﬂﬂ\)a&56af85£h Logbd’ssUr 1884) Hm@ev&pf Expegimestal Phargaecsl@ind i n
et al. (159955 sfogh ok ’%uﬁ%‘%ﬁw ARG RIS 1S ngl%e?}wés) |
Zr 2(13 . ngl g%ﬁﬂdszaﬁd] (USYS) Fnrend Rev. %Mnoﬂ’\fnl B: 65193; Hatdie® F. hiad LiombeBinet i cs
Y05y ans N3 Acdd 3o 64396 348; Fiskwitd D 352:(1996) Nature
Biotechnology 14: 845-851, the contents of all of which are hereby incorporated by
reference in their entirety. See further, U.S. Patent Nos. 5,545,806; 5,569,825;
20 5,625,126; 5,633,425; 5,789,650; 5,877,397; 5,661,016; 5,814,318; 5,874,299; and
5,770,429; all to Lonberg and Kay, and GenPharm International; U.S. Patent No.
5,545,807 to Surani et al.; International Publication Nos. WO 98/24884, published on
June 11, 1998; WO 94/25585, published November 10, 1994; WO 93/1227, published
June 24, 1993; WO 92/22645, published December 23, 1992; WO 92/03918, published
25 March 19, 1992, the disclosures of all of which are hereby incorporated by reference in
their entity. Alternatively, the HCO12 transgenic mice described in Example 2, can be
used to generate human anti-HER2/neu antibodies.
HuMab Immunizations
To generate fully human monoclonal antibodies to HER2/neu, HuMab mice can
30 be immunized with a purified or enriched preparation of the HER2/neu antigen and/or
cells expressing HER2/neu, as described by Lonberg, N. et al. (1994) Nature 368(6474):
856-859; Fishwild, D. et al. (1996) Nature Biotechnology 14: 845-851 and WO

i



Tuaillon et al. (1994) J. Immunol. 152:2912-2920; Lonberg et al., (1994)
Nature 3960frdodd7: 856-859; Lonberg, N (1994) Handbook ofCEMSet/za2ent al
Phar macol ogy 15 113:49-101; Taylor, L..et al. (1994) International

| mmunol ogy 6: 579-591; Lonberg, N and-l2szar, D. (1995) Intern. Rev.
Frmunol . Vol . 13: 65-93; Harding, F. and Lonberg, N (1995) Ann. N Y.
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20  Generation of Hybridomas Producing Human Monoclonal Antibodies to HER2/neu
The mouse splenocytes can be isolated and fused with PEG to a mouse myeloma

cell line based upon standard protocols (8, 13). The resulting hybridomas are then
screened for the production of antigen-specific antibodies. For example, single cell
suspensions of splenic lymph;)cytes from immunized mice are fused to one-sixth the

25 number of P3X63-Ag8.653 nonsecreting mouse myeloma cells (ATCC, CRL 1580) with
50% PEG. Cells are plated at approximately 2 x 10° in flat bottom microtiter plate,
followed by a two week incubation in selective medium containing 20% fetal Clone
Serum, 18% "653" conditioned media, 5% origen (IGEN), 4 mM L-glutamine, 1 mM
L~glutamine, 1 mM sodium pyruvate, SmM HEPES, 0.055 mM 2-mercaptoethanol, 50

30 units/ml penicillin, 50 mg/ml streptomycin, 50 mg/ml gentamycin and 1X HAT (Sigma;
the HAT is added 24 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
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20 blocked in 5% BSA, and incubated with the culture supernatant from overgrown cells
expressing HER2/neu, e.g., SKBR-3 tumor cells, thus capturing HER2/neu antigen shed
by the cells. ‘Dilutions of purified human anti-HER2/neu antibodies are added to each -
well, incubated, and binding detected as described above. T

An ELISA assay as described above can also be used to screen for antibodies

25  and, thus, hybridomas that produce antibodies that show positive reactivity with the - =~
HER2/neu immunogen. Hybridothas that bind with high avidity to HER2/neu 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 makmg a 5-10 vial cell bank
stored at -140 °C, and for antibody purification.

30 To purify human anti-HER2/neu antibodies, selected hybridomas canbe grown
in two-liter spinner-flasks for monoclonal antibody purification. Supernatants canbe. ~ .

filtered and concentrated before affinity chromatography with protein A-sepharose

HIl
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nonocl onal anti bodi es can be perforned usi ng HER2/ neu coated-ELI SA pl ates
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20 HER2/neu (grown under standard growth conditions) are mixed with various

concentrations of monoclonal antibodies in PBS containing 0.1% Tween 80 and 20%
mouse serum, and incubated at 37°C for 1 hour. After washing, the cells are reacted
with Fluorescein-labeled anti-human IgG antibody under the same conditions as the
primary antibody staining. The samples can be analyzed by FACScan instrument using

25 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 sensitivity depending on the density of the antigen.

30 Anti-HER2/neu human IgGs can be further tested for reactivity with the
HER2/neu antigen by Western blotting. Briefly, cell extracts from cells expressing
HER2/neu can be prepared and subjected to sodium dodecy! sulfate polyacrylamide gel
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can be assayed for cytolysis by measuring S1Cr release into the culture supernatant.

20 Anti-HER2/neu monoclonal can also be tested in combinations with each other to
determine whether cytolysis is enhanced with multiple monoclonal antibodies.

Human monoclonal antibodies which bind to HER2/neu 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 HER2/neu, e.g., tumor cells. These antibodies can be

25 selected, for example, based on the following criteria, which are not intended to be

exclusive:

1.) binding to live cells expressing HER2/neu;
2.) high affinity of binding to HER2/neu;
30 3.) binding to a unique epitope on HER2/neu (to eliminate the possibility that
monoclonal antibodies with complimentary activities when used in combination would

compete for binding to the same epitope);
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phar maceuti al conposition conprising two or nore anti-HER2/ neu nonocl onal
anti bodi es or fragnents thereof. For exanple,

II. Production of Transgenic Nonhuman Animals Which Generate Human Monoclonal
Anti-HER2/neu Antibodies

In yet another aspect, the invention provides transgenic non-human animals, e.g.,

20 atransgenic mice, which are capable of expressing human monoclonal antibodies that
specifically bind to HER2/neu, preferably with high affinity. In a preferred
embodiment, the transgenic non-human 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

25 mice, have been immunized with a purified or enriched preparation of HER2/neu
antigen and/or cells expressing HER2/neu. Preferably, the transgenic non-human
animals, e.g., the transgenic mice, are capable of producing multiple isotypes of human
monoclonal antibodies to HER2/neu (e.g., IgG, IgA and/or IgE) by undergoing V-D-J
recombination and isotype switching. Isotype switching may occur by, e.g., classical or

30 non-classical isotype switching.
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20 reference.

. In certain embodiments, the transgenic non-human animals used to generate the

human monoclonal antibodies of the invention contain rearranged, unrearranged or a
combination of rearranged and unrearranged heterologous immunoglobulin heavy and
light chain transgenes in the germline of the transgenic animal. Each of the heavy chain

25 transgenes comprises at least one Cy gene. In addition, the heavy chain transgene may
contain functional isotype switch sequences, which are 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

30 transgene Cq genes, or such switch sequences may be derived from those which occur in
the species that is to receive the transgene construct (the transgenic animal). For

example, a human transgene construct that is used to produce a transgenic mouse may
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20  from, or correspond to, DNA encoding immunoglobulin heavy and light chain gene

segments from a species not consisting of the transgenic non-human animal. In one
aspect of the invention, the transgene is constructed such that the individual gene
segments are unrearranged, i.e., not rearranged so as to encode a functional
immunoglobulin light or heavy chain. Such unrearranged transgenes support
25 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
resultant rearranged immunoglobulin heavy chain within the transgenic non-human
animal when exposed to the HER2/neu antigen.
In an alternate embodiment, the transgenes comprise an unrearranged "mini-
30 locus". Such transgenes typically comprise a substantial portion of the C, D, and J
segments as well as a subset of the V gene segments. In such transgene constructs, the

various regulatory sequences, e.g. promoters, enhancers, class switch regions, splice-
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heavy chai ngy gith regmﬁafyrse?meg ) 56 8RRBFporateP S thiFranSEmevh@tinaacief t he

V, D, and J-gene segnents (functional rearrangenent) and__ preferabl

Yy .
support i ncymghetiarégulatotly sefuences are pot homelogusdo p fangiiopal NAscquense fiatish t he

resul tant rearranged inmu | obul i | L1 L '

non- human SR SR PR ROEIR s RSt iR, Syhdedle edfadrf O5iiERLG,
enbodi MOt , arelMesibhedEo61daTy 1©@0RschSEs rales) suck as, fangadpleyitiuse spifyimghe . Such
transgenes typically conprise a, substantial portion of the C fD and J
segment s asbénmissible sequenqss ef a splicerasceptefsite of @ prometer/enhancer motify For oo

constructs, ' r : : RiRBRILELR locas RaviRe! S
cl ass sw tc%’zag‘g)é?’\éﬁéf?ﬁg@sic?gﬁ\%%ﬁy %@?g%gﬁc%% IllJOSI%l(%’gIZMOZ72gR]EbZQl d%nor an%

spl i ce- accesttleast smomtemial §i.¢. orot RN\ teymiraxs of ithecportiery sielsition of a noneggential and t he
| i ke, conpr] cor.,respondi ng sequences derived fromthe.h DNA. .
Such regul Qf‘@* W@@ﬁz‘gﬁc erﬂﬁ}}“%?‘i“ﬁ‘&?r Egﬁp&toégom?f’g}'?rﬁ%) ?§ éoﬁé %rg(g%fut?%m t he
same or 18 rgirdlaffoctiRfifg 8ermilinelIg@odi@N- hunan ani mal used in the invention.

For exanple, hunman 5 im"run%ﬁa:go.bul I n %ene segnents may be co i?r}gd in a
transgene with alvaprefarediemporaems ohtheinwsHan Be ravsghuA BIpP s in a
transgeni ¢ g&%ﬁﬁe h@h&? foteE by HE\%{?Y&KJ%Ha&s%?%Wn@I pRREMyeNGeEnd By be

I ncorporated 1 nto e transgene, erein such synthefic regulatory
sequences agsindliniesBSAill @gnos copies of thedtansgeak deifibsdinexameple hAf WO known t o

occur natur 8%/|2X8§4n(e.tgh,Ei‘aI-ﬁ,elnc?rﬁ]ﬁ-fcf)fbrgé1 Uvnntgla%'anﬁxﬂtcggt%in?ngr & gglgl%tcg}r)y of & Hgﬁnc €s
20 chain transgene described in Examples 5, 6, 8, or 14 of WO 98/24884, and the offspring
bred with the J; deleted animal described in Example 10 of WO 98/24884, the contents

of which are hereby expressly incorporated by reference. Animals are bred to
homozygosity for each of these three traits. Such animals have the following genotype:
a single copy (per haploid set of chromosomes) of a human heavy chain unrearranged

25 mini-locus (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
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 J

30 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

11



10 are designed according to consensus rules, such as, for exanple, those

speci fyi n¥Q #091%er ni ssi bl e sequences of a splice-accept or PETAIS00R0272

pronot er/ enhancer notif. For. exanple, a mnilocus. conprises a portion of

t he genom ¢ i nmunogl obulin | ocus having -3@-1east one internal (i.e., not

at a termnus of the portion) deletion of a non-essential DNA portion

(e.g., i ntermni’tangansiﬂmllmeénjeétedmhaﬁﬁgmrahﬂasedeﬁsﬁu}:ti&sopmm ed to the
erred enbodi nent of the

15 natural ly-occyrring.,germine Ig locus. In a pre
invention, tmn?awﬂégﬂgﬁ‘{‘%w&gm@emgener ate human antibodies to
HER2/ neu cont ai ns | : - . | -
nore copi es of thg%%lrl}éﬁgggcne esscrliggﬂ'h}lnﬁ] %ﬁé%p%&%?%@%é%@oﬁg@ﬁm% g.,
pHCl or pHC2heany and lightrchainsdecamse theyebabain ordy a siighgtapyafieuclogens. | i ght 20
chai n trapsggne descri,bed .i.n Exanples.5,.6, 8, or 14 of WD 98/24884, and
the off spSi gE“’ﬁEPBaf%}}FP{ Whg’emfg}éPﬁ%ﬂW&ﬁif?%fdﬁaéwmw mepsekeawy| ddaing of
WO 98/ 24884, béchedati Bitlogendis rtblse Redhy :HART K cBYIRS RRUGKANABAARY ifite B/

ch of these three ifraits.

reference. Animals are bred to honozygosity for ea
Such ani nal stbrgelstiom spanpingdhe hgregéondntrpduced as deseribed imBxaniple © and (1R off Woet

of chronoso n _heavy chai.n. upnreagranged, 25 mni -l ocus A
(descri bed F%”? 4@#}3%@'&]@ ‘f’e«&f‘é’é?ﬁﬁaé%&%%{hﬁgﬁg ‘éeqlf’dwlr%ﬂﬂ nqspeRific Withet of
chr onpbsones) regirds to thahuangof mvus@light dhhitth becdisd Exprddfin’ dfthe SiASR ChhPEFhEN
Exanple 14 of WD 98/24884), and a deletion at each endogenous nouse heavy

chai n | odfls reamanged dympax light chainigaee wilhaldlisally and-isetypivaly sxdludesthei bed i n
Exanple 10 o 08/ 248 . Such animals are bred with m.ce fh are
honozygous fxl;e?rr mgat tﬁ%ﬁn‘iﬂge{lw& Hepssx @@dﬁ@ﬁ?@%@&ﬁ‘fﬂsé‘éafgn fcagip

08/ 24884) t ofrptiod wEB-&lkspri ng that are honozygous for the JH del etion and
hem zygous for the human heavy and |ight chain constructs. The !:1111:11:
WO 01/ 09187 PCT/ UBstrarsgemic mogse oftba preferredembadiment will exhitit intnundghobulin

antigens an gl . ' ] N, n.monocl | .antipbodi es. agai nst
fhese ant | gnaangion3yinch A teRerold B RASRRAR sifller BrBafEa AR w ¢ n
regard t &5t heowendhus,fonssangplel ih embbdigdeatywhdre erliobdifvs ¢ pértk RaRihbnd
singl e copy .of eacp ene. 5 Furthernore, they will be nonospecific wth
regards to HOREY ’ﬁ’ﬁﬁgél aayRe 'lﬁée"eﬂfe‘(‘!ﬁﬁ@ég‘bﬁ?w zbeybge e 18 mebubef heavy

chain gene CRRAiRréfefbhPOs46 SRR idB Iy Vdt | ?gg,ﬂﬁ' ! pning the
JH region introd’a)ced agodescr.itr%%gﬂ’lln adrtnl) aé?a&%g%(ljb 0 '%‘8%8[?%3%%.

Fur t her nor e, capablebE effertingla siwitebto tgG Gont kgd! Bascladeh sntwéduced intortiearimegeanid C
with mouse, the adult mouse ratio of serum IgG to IgM is preferably about 10:1. The IgGto

20 IgM ratio will be much lower in the immature mouse. In general, greater than about

10%, preferably 40 to 80% of the spleen and lymph node B cells express exclusively
human IgG protein.
The repertoire will ideally approximate that shown in a non-transgenic mouse,
usually at least about 10% as high, preferably 25 to 50% or more. Generally, at least
25 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
recognize about one-half or more of highly antigenic proteins, e.g., staphylococcus
protein A. Typically, the immunoglobulins will exhibit an affinity for preselected
30 antigens of at least about 10'M~, preferably at least about 10°M™, more preferably at
least about 10'°M’1,10' lM", 10M or greater, e.g., up t010"*M! or greater.



regards to the human or nouse |ight chains because expression of the single

copy of tyw@ e1dsissearranged human x |ight chain gene Wil ghlg54tRbty and
i sotypically exclude the rearrangenent of the endogenous nobuse X and | anbda

chain genes In a significant fraction ofyB-cells. The transgeni c nouse of
the preferred enbodi ment will exhibit imunoglobulin production with a

significant repe l; thé ?&ﬂ-] t 4 ve
15 nmouse. Thus, o%B exg#% e|hér$ %#E‘?F%é \Yﬁntﬁlgghérﬁiée })‘g@ 5%% genes
have been i rq:cttouesttednmttﬂm selecdn oﬁM‘gann;Irqhatented iakd mtlhody respowgse th aom :
about 0.1 to Om/m of. r ef 0.5 t0.5

| east about PEEIgtCHEGH antigrofyes Seru?‘%é‘ﬁ%‘@' gechaying s %@t?rﬁﬂn%f?%eﬂglit@ﬁtd

1 'gG from | giMahas Sé‘fbmiaﬁﬁﬂ'&ﬁ b
nouse ratio OP sgl?gm lgGto’l Mﬂp‘gﬂﬁ??&gbll)ﬂ}ﬂgﬁgu%&?&%w%sﬁ:ﬂg%;xﬁ%iig %0 | gM

rati o w Bl wpmschtq tbmreciewrm dummmxyae imdwenans.) Al‘fgmaawdb', sogee¥Hegeneshan

about 10% Ieen an ode B cells

expr ess exc F@%%Lﬁg fftpgp 1re a?‘é‘bserteﬁ?ln}lgg %\IPF Ve aolggl |y

appr oxi mat ellkélﬁiood bﬁwihddmgaugloaﬂini@ NSE@{ing foRHE Predetefrditled ¥nfident Raeta RROUL
10% as hi gh, preferabl é 25 to 50% or. nore. GCenerally, at |least 25 about a

t housand di pmp@mfw tp 89 sepatiG mytatipy and affinjty sharpering;cr apg i mwmaemcma or

nore, wll bhth

and D regi ons Iﬁ@ﬂ&g&ﬂ&@?pﬁf@%ﬁ%@g@ gteorﬁ%l#rezﬁl r%’slégg&#‘lr{?éﬁ Q-’Ju%‘ﬁ% S WI II

typi cal 119. oeligigchzia gehosdgments; hiwhigene sagmeﬁtsaﬁa)hbgfﬂamlﬁrdentjﬁed e.gobpt ei ns,
st aphyl.ococcus Typ the | ogl obul i ns_wi ||

ot bi £ an KUridaon op DN Secbiefting 5 beime fma ABecifs O OTFABI OBLHEn Frp -

prefer ably ﬁ.gngggﬁganﬁpgut 109M', nore preferably at |east about

1010M"', 10"M'' [ 10' 2M'" or greater e.g., up tol0'3M'" or greater. WO
01/ 09187 PCTI uso'ﬂlmmenw ice of the presentiinitintion can b¢ immunizedbwish efpurifipd e t o

generate mce t oi imt th ection of V
Genes. r epr eSesTHiched PepHENGH, Bt BB /b BRiAsR Anfr LS bBtes nB IR 4 G

type. AlbBeadescrbal pretioaslg JFieemita will gralupé Baelle wmaﬁdxdega&ﬂésmswetchlﬁgma

ant | body 5 PUEEEAERRE P TECuR R GisrticHine) ey e P maRhes |

Al ternati veleetiveOlRh MEROARAS Th@ﬂi%rrﬁﬁo Eﬁlﬂﬁ%ﬁn%ﬁiﬂnﬁng@c{deﬂ«?ﬁdarﬁﬁg g oire f or
various reasons (e.g., have a | ow el i hood of encodihg high affinity V |

regi ons f or wheneinghe Heavyrandight chain gdnpemdesara ehepged [bychpmas nna;nsgeue under go
somatic mit é%tq'ug 1teN Wi In'a? o2 fe%@esn&‘nv% b§ SmhfiT MRS aka 1-Voreglon

20 recombinatorial joints, as well as germline-encoded sequences; these human sequence

L2

lt

immunoglobulins can be referred to as being substantially identical to a polypeptide
- sequence encoded by a human Vi or Vy gene segment and a human Ji or J,, segment,
- even though other non-germline sequences may be present as a result of somatic

mutation and differential V-J and V-D-J recombination joints. With respect to such
25 human sequence antibodies, the variable regions of each chain are typically at least 80

percent encoded by human germline V, J, and, in the case of heavy chains, D, gene

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

variable region sequences are encoded by human germline sequences present on the
30 transgene. However, since non-germline sequences are introduced by somatic mutation

and VJ and VDI joining, the human sequence antibodies will frequently have some

variable region sequences (and less frequently constant region sequences) which are not



certain humans). Thus, prior to rearrangenent of a transgene contai ning
vari ous hwavor/00fR7 or |ight chain gene segnents, such gene mEmusmi2e27zay be
readily identified, e.g. by hybridization or DNA sequencing, as being from
a species of organi smother than the trad2genic aninmal. The transgenic

m ce of the present invention can be inmmunized with a purified or enriched
prepar at i on edcoliEdRBy hemamaV, DyenJ gat sepmentslas feutidrif sitd gndriFitisgene(9<in e
descri bed previ (ius!g)f.. The m.ce wi.ll produce B, cells which undergo .

cl ass- swi t chEHGUPF LT thepics: TyRicailnsuchpor-germling seauencesQr indiwdualinueleptid

and express péomisiR kfas; ' W Hﬁwﬁﬂ ul i ns
can be humanbseque%g@bgi#%t?'agld(?rg‘ggcm?vgﬁlﬁrt e ‘gggflsglﬂgmlflg t gjli]%%n

pol ypept i deskeoven toelesterd by hunan transgene sequences, which may include
sequencesderi ved somati c nmutat.jon and. Y.regi op 20 recopbi natori al
Toints. a2 wel | - aIRE BT Habere st hoDen BLiRbLUsdlofh Bredeirined gotsreesan

I munogl obul fegsit Gt R6typeEwitétiAg, siciPthaPRicish SbBHRS chﬁbhﬁﬁn%g%}ﬂaﬁ%b ﬁeﬁlc@
pol ypeptide sequence encoded by a human VL or VH gene seghent an % uman
JL or JL segrehain (such enyh 1Ray2B,oryd) ambmhyreansdquencedighe s (suak abK) present

It of td C, .nut at i diff tial. V-=J d V-D-.J
" acanbi nat i GHORR S e Ebed Ruyhen, o5ea iaedice Sl captain ons pmecs

the vari abl esdnegticafitita@én(SR&/picalg iif R VarfalRir6gibh :
encoded bx hunan ger m iI}l(gﬁ\f?},le, §611I’ld, N the %asgng?ﬂ%lggi\%@%eﬂlﬁgéﬁ%@ gene
f

segment s 101 r esidues 052 GPR) 318 resgh of effinitytmatiration and séledtion of Bycellsbyamtigen,

encoded by | C resent onthe tr ene;, often 90 or
95 percent (r#[m nglfle F ﬁﬂs &el%n\?/%?slggﬁ}dg%’r@ PO CdR b sEn f@ﬁgﬁ%oﬁ%ﬁe@ uman
germ i ne seqaffinitg humar Sequencyaritibedidd niay 2@ bidingIRRIYes of &ileze 1 RO° ogt nl i ne

sequences are jntroduced by sopatic nutation and and VDJ joining, the
human sequen‘é’B‘cﬁ-hY Ablsatex Wﬁ\i q?é‘%\?@ﬂl’ mpre, thaa ls‘bl@a{l} nglaném@etmgs K 1050

sequences (amtbqs,glélrlmo%ﬁp%&& gonstant regi on sequences) which are not
i mai WO 01/09187 PCT/ USQQ 2 275 -32 encoded by human V, D, or J gene

:s|_ egne nlt is 13s f Oﬁ ndAnothehaspbetof thet invengiparpettains it?he_ﬂ}écelllgdi‘m 'smtmgcet\hﬁcmi:zﬁﬁa
ypi cal ly, suc n- ger e.sequences .(or individual .nugleqtide . ..

posi ti ons) \75’ 9 ?seg I?‘& §?‘bef épf’ h%r‘ds%gairexmf(‘g E}Pmﬂﬁ "’r"é‘ﬁaﬂﬂ%l %HE?‘@C%WMibéﬂd

mut ati ons arwith kigvaffibity (J.glSgrester had D& 109NA™) HIIERMEEu. ADERD ffdRnehi ch bi nd

to the predeternjned antigen can_result fromisotype switching, such that
human ant i bodneedimsnintitae iyention, these kybjidomas are used to generate a composition

comprising an immunoglobulin having an affinity constant (Ka) of at least 2 x 10° M

20 for binding HER2/neu, wherein said immunoglobulin comprises:

a human sequence light chain composed of (1) a light chain variable region
having a polypeptide sequence which is substantially identical to a polypeptide sequence
encoded by a human V) gene segment and a human J;, segment, and (2) a light chain
constant region having a polypeptide sequence which is substantially identical to a

25 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 Vi gene segment, optionally a D region, and a human J,; segment,
and (2) a constant region having a polypeptide sequence which is substantially identical

30 to a polypeptide sequence encoded by a human Cy gene segment.



y chain (such as yl, y2a, y2B, or y3) and a human sequence |ight chain
(such asyg ofdogs7 Produced. Such isotype-sw tched human seqguyenesesi bodi es
often contaln one or nore somatic nutation(s), typically in the variable
region and often in or within about 10 l1f3residues of aCDR) as a result of
affinity maturation and selection of B cells by antigen, particularly
subsequent to s foﬁ'ﬁﬁr ir@ﬁﬂn hi gh .
affinity human gggﬂﬁe'%%lebpan fgf(;}g?gs mslly)hhave m&iﬂr;l%ia ?ﬁile?%%g&sgf at | east
1 x 109 M 'HER2ineudsfacilitated by a niettioddol &€paklling the mgertoitd of humian vakiablel x 1010
M', and sonetines 5 x 101,.0 M' to | x 10, M' or greater. 15 Another
aspect of tI8IONEFHRseEmFEnatransesnic mausehaving a,8qnop)n comPRISRe AR INiGeRated an
be used to QeRS ,mglpc; IS - j ' whi ch
bind with high ey ty"“@%f‘?g%é?’eat FihEiol RGRE G 'ﬁ?h’f’g%Hlltz i
Thus, i nSanoVigene transgen¢ camprisiig Viregion gema segmentstwhich argimot pgsend imsaid used to

generate a s{i{ion . conprisi an | nmmu | obulkj n having an.affinjty
Qonstant (KSR blokh iofRRigIGin B8 yRsdsfe DR BN BeB bt il bl ¥ oo
i mmunog! obUirtificiaPéRbmdSsine &o \ $P6IBN ©F a huMBh VeleH Wﬂ:ﬁﬁfen‘ 1) a -
i ght chain variable region aving a pol ypeptide sequence which is

subst ant i al3tay; axmay pafurally ogcwdn plumangename gbacmay bespliced tegether human VL

gene segne : . | i 3 |

7egt on havi ggeaedy By REGRBiggn AERERE whiGita) flbidis duflkofifpomiREN Bl |
25 pol ypeptsegmenrn Oftenat Rastdtiecdr myora fimetional G ggrersegmentsard contaittdeonthaan
sequence hegv hai.n conposed of a (1) heavy chain vari abl e regi gn
having a po Be 1 %8 varaion i és RessiblF o mabisdranesnis Wu%ecmﬂgwcegqbyttﬁeﬁ

pol ypept i dg,egaww&anmém@id,%&emmo}ﬁé SPREsSSATRMunogRbhkRekdiy @ D
regi on, an human™JH segnent, and (2) a constant regi on having a

pol ypept i decosnpgisangvariableiregion sedueneaericai¢d by a¥regionlgengsegmentiprgseng papt i de
sequence engoded by .a human ene se t. 01/09187 PCT/}JS00Q/ 20272
39" The  deEF Jofeith Brokens Aind pICRRRy REREN onghe Medha b danbebin St
HER2/ neus i sthé atiepertaitecskphiysich methbd trdnsgertx pricechiavingt a1 deasePpdistinit Vegeies hunman
vari able region gene _segnents in g transgenic nouse having a genone
conpri si ng ?&HW@P@%}"F“&E‘& Cap EHEHCAHIRS S ff'&ﬁflqbﬁutt%a SERFFOT AP H%‘_F%d
conpri sing Jepkk é‘%ﬁ* gﬁﬁoﬁ-hﬁm%ﬁ'ﬁ[(ggg Rtéeu_ 0Bé1eE ahd %Q%E%é“sg@%g‘xhéité‘g v

| t
regi on gene segments are not p In“sard 1ntegrated human
i munogl obuhaybe retaingioranayCbe siectively deletasdiyoecombinaganathods axaijatdsto the
gre'(f:jlrrfelnfl al s?(l;ﬂe na?&faﬁ?ifﬁgsq}%ﬁls' ng a portion of a.human VH or VL (VK) gene

20 Once the mouse germline has been engineered to contain a functional YAC .
having an expanded V. segment repertoire, substantially not present in the human Ig
transgene containing the J and C gene segments, the trait can be propagated and bred
into other genetic backgrounds, including backgrounds where the functional YAC
having an expanded V segment repertoire is bred into a mouse germline having a

25  different human Ig transgene. Multiple functional YACs having an expanded V
segment repertoire may be bred into a germline to work with a human Ig transgene (or
multiple human Ig transgenes). Although referred to herein as YAC transgenes, such
transgenes when integrated into the genome may substantially lack yeast sequences,
such as sequences required for autonomous replication in yeast; such sequences may

30 optionally be removed by genetic engineering (e.g., restriction digestion and pulsed-field
gel electrophoresis or other suitable method) after replication in yeast in no longer

necessary (i.e., prior to introduction into a mouse ES cell or mouse prozygote). Methods



array, as may naturally occur in a human genone or as nmay be spliced

t oget her wepromasel y by reconbi nant net hods, whi ch nmay i ncPQUA&IS00.202T - or der
or omitted V gene 10 segnents. Often at least five or nore functional V
gene segnents are contained on-the YAC-34nr this variation, it is possible
to make a transgeni c nouse produced by the V repertoire expansion nethod,

wher ei n t he offptopagatinpthe e oﬁnummirmpghaﬁuimﬂnoglwmn eRpreEpsion iingude
vari abl e-regi on, sequence | encodegﬁ a V region geneﬁé)‘ap nt .present on the

V region tr g anseeniemouse it s dwmad 1e feesaen optienallyalso By
means of 15t £aeh

| east 5 distl ncg\é\;ﬁgeneéw%gn ge Egena{i) te h@gesgntééilﬁnu? cehgo?}ogfxl %gdg'?‘ | east
about 24 \Y ggenesegmentmnw b&Spresent! ondhe ¥ A€k Jhterntransgenic hwusomay babrdéddntl any

el Set i vl v babkavand e e rastivones rstitas Backarsbts Biibngng ofbet pitper >
artisan, if tﬁﬁ%&@@ inchSHif Y REmhA Bz Eﬂ&k‘gﬁn&%moi' f8nd}RAeGRBAPB Y Bl t O

contain a functional YAC  having an expanded V segment repértoire,

subst anti al Ilympmwpfrmg@ms ﬂﬂletm'eemonals0|pgovmsa'ngbnﬁimtyrhmmam sqguetme J and C
gene segnent.s, opagat ed and bred % enetic
backgr ounds} I’?’H@Pﬁl&ﬁ’ﬂ %n%@agﬁgg?’g mapse Hﬁ B¢ F‘Bﬁ’é‘? % rﬁﬁ\? ng an
expanded V sggHRire Y&@@rahsvgehe Asthbﬁgﬁmb foregfing dusceibees preféreed Etbotimentds
different human Ig transgene Mul tiple functional YACs having an_expanded V
segment Hepdhe Bansgenig pnimal of g inyension, ofberambedimentsavelcopiemplated which haye
transgene ( dgiﬂn@ ransgenes). Al though referred to herein
as YAC tran%e%g'égstl%%acﬁ e 0ginges when integrated into the genonme may
substantially | adkTgaae@hnmmmelsmentmmmgmhumeamxgaé he®s andquariagged tight

aut ononous r.epli Calté east such sequences may 30 optionally be
renoved by JEWHBINORIO HG'P (e. g., restriction digestion and

pul sed-field gely, q*rﬁfs%éﬁeaarnﬁaﬁé éorﬁﬁnﬂigwun%&h?aﬁeéﬁéze& BAdinRbirSge light

replication in yeast onger necessary (i.€., prior to intro | on
into a nbﬁsenmnoelobumtrmsee,prozygot e). NEt hods WO 01/ 09187

PCT/ USOQ 20272 the trai OJ human ,sequence .
i.mmunogl obul i n e>¥§4$ L%‘%’ lgwgégqn@gg ?7%?(?88@%“%@%&“}5%9 t he

human | g traﬂﬁﬂﬂﬂg(obmmﬁﬁﬂ;geﬂé iapdal | y al so having a functional YAC having
an expanded V se rrent repertaire. Both VH and VL gene segnents nay be
present on the YA¥ WQW%%M@H%Wg%TWM]lﬁaélﬂamllf“@“aﬁgedshg@éckground
desired by th&.io fbﬁohﬁ% nésncl udi ng backgrounds harbori ng ot her hunman
transgenes, 1 ncluding Ig transgenes and/or transgenes encodlng ot her
human 20 Of these categones of transgenic animal, the preferred order of preference is as

follows II > 1> III > IV where the endoggnous light chain genes (or at least the K gene)
have been knocked out by homologous recombination (or other method) and I > II > I
>[IV where the endogenous light chain genes have not been knocked out and must be
dominated by allelic exclusion.

25 _
I11. Bispecific/ Multispecific Molecules Which Bind to HER2/neu

In yet another embodiment of the invention, human monoclonal antibodies to

HER2/neu (or antigen-binding portions thereof, or single chain antibodies thereof) are
dérivatized or linked to another functional molecule, such as another antibody or

30 antibody fragment (including single chain antibodies and Fab' antibody fragments) or a
protein ligand, to generate a bispecific or multispeciﬁc molecule which binds to multiple

binding sites or target epitopes.



| ynphocyte proteins. The invention also provides a high affinity human
sequenceygd §ygenpal obul i n produced by a transgenic nouse hedygoas7expanded
V region repertoire YAC transgene. Although the foregoing describes a
preferred enbodi nent of 10 the transgenigsani mal of the invention, other
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functional [HERSH Qntaivis Rumsn ARQHER/M6 dntibody (U aBfigearbintingpofticagheredf,

(i ncluding single chain_antibodi es and Fab' anti body fragnents
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bi spef:i fi f: nol 'ecAbmr;limeg, thepresedemventidnris¢lugesrtispenificcamd mmdtispgcdichuman
nonocl onal anti-HER2/ neuy ant.j bod or .. anti gen=bi ndi ti th f,

i gl e chai POLATRIE GATPTHES Bleastoln 61 Birdie TR AL or (RS S 4 BEpRE '
couplings gﬁiﬁﬁidg(‘spfeéiﬁéiiy‘for BRBENARhRBE epHopE.CIntd pAticlir shiblimestf thed a 5 :

second anti body (or ant’i gen-binding portion thereof, or single chain
ant i body t hinvention, the second target epitope is an Fc receptor, e.g., human FcyRl or a human

Fca receptor. Therefore, the invention includes bispecific and multispecific molecules . -
_capable of binding both to FcyR, FcaR or FceR expressing effector cells (e.g.,
monocytes, macrophages or polymorphonuclear cells (PMNs)), and to target cells
20 expressing HER2/neu. These bispecific and multispecific molecules target HER2/neu
expressing cells to effector cells, and trigger Fc receptor-mediated effector cell
activities, such as phagocytosis of a the HER2/neu expressing cells, antibody dependent
cell-mediated cytotoxicity (ADCC), cytokine release, or generation of superoxide anion.
Bispecific and multispecific molecules of the invention can further include a
25 third binding specificity for a target other than HER2/neu, also referred to as an “anti-
enhancement factor (EF)”, in addition to an anti-Fc binding specificity and an anti-
HER2/neu binding specificity. For example, the third binding specificity can bind to a
cell surface protein involved in cytotoxic activity and thereby increases the immune
response against the target cell. The third binding specificity can be an antibody
30 (including ScFv), functional antibody fragment or a ligand that binds to a given
molecule, e.g., an antigen or a receptor, and thereby results in an enhancement of the

effect of the binding determinants for the F; receptor or target cell antigen. The third

Bi specific/ Ml tispecific Mlecules
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whi ch binds to an Fc receptor, typically FcSRI or FcaR (Figure 12). The
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20 binding to effector cells.

As used herein, the term "IgG receptor” refers to any of the eight y-chain genes
located on chromosome 1. These genes encode a total of twelve transmembrane or
soluble receptor isoforms which are grouped into three Fcy receptor classes: FcyRI
(CD64), FeyRII(CD32), and FeyRIIl (CD16). In one preferred embodiment, the Fey

25 receptor a human high affinity FcyRI. The human FcyR1 is a 72 kDa molecule, which
shows high affinity for monomeric IgG (108 - 10°M-),

The production and characterization of these preferred monoclonal antibodies are
described by Fanger et al. in PCT application WO 88/00052 and in U.S. Patent No.
4,954,617, the teachings of which are fully incorporated by reference herein. These

30 antibodies bind to an epitope of FcyRI, FcyRII or FcyRIII at a site which is distinct from
the Fcy binding site of the receptor and, thus, their binding is not blocked substantially
by physiological levels of IgG. Specific anti-FcyRI antibodies useful in this invention



bind to an entity that is different fromthe entity to which the first and

second bmlmm,speci ficities bind. For exanple, the antipcanisenserent
factor portion can bind a 5 cytotoxic T-cell (e.g. via CD2, CD3, CD8, CD28,

Ch4, CD40, ICAM1 or other imrune cell.3hat results in an increased inmune
response against the target cell). In one enbodi nent, the bispecific and
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(C016) . 1 GRERSEREDE e sqropl fings 18 Y B e dooe B ot i i fs
affinity Fcyfiiblockee bienspenoyigAl. ST t@itn KA reodptarllieintended to inelndevthehi gh
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chings o are ncorporated by reference
herei n. ThegeD$Y) inosistiadively dxpredsedonanomsiytesimeacodphagesReosimaphiticlandr FcyRI || -

at a site which is distinct from the Fcy binding sjte of_t receptor and,
thus, thei rngitiophilig granulenytes; brtineton B%Fé?ﬁt?fa‘fql‘&l’%l’lil?“ﬁ% s‘f"&ﬁéﬁa‘l‘* "Rel s
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hybri doma pegekiaesngichnil G-CSF or GM-CSF (Morton, H.C. et al. (1996) Critical Reviews in
20 Immunology 16:423-440). Four FcaRI-specific monoclonal antibodies, identified as
A3, A59, A62 and A77, which bind FcoRI outside the IgA ligand binding domain, have
been described (Monteiro, R.C. et al., 1992, J. Immunol. 148:1764). Also described
herein is a fully human monoclonal antibody against FcaRI referred to as 14.1.
An "effector cell specific antibody" as used herein refers to an antibody or
25 functional antibody fragment that binds the Fc receptor of effector cells. Preferred
antibodies for use in the subject invention bind the Fc receptor of effector cells at a site
which is not bound by endogenous immunoglobulin.
As used hcréin, 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
30 activation phases of an immune response. Exemplary immune cells include a cell of a
myeloid or lymphoid origin, e.g., lymphocytes (e.g., B cells and T cells including:
cytolytic T cells (CTLs)), killer cells, natural killer cells, macrophages, monocytes,




32 is available fromthe Anmerican Type Culture Collection, ATCC Accession
No. HB94¢®o1ensi - FCyRI mAb 22, F(ab')2 fragnments of mAb PRT/USMMA202ZN be
obtained from Medarex, Inc. (Annandale, N. J.). In other enbodinents, the
anti-Fcy receptor antibody 5 is a humani-Z84¢ f orm of nonocl onal anti body 22
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20 squamous cell carcinoma cells, and ovarian cancer cells.

While human monoclonal antibodies are preferred, other antibodies which can be
employed in the bispecific or multispecific molecules of the invention are murine,
chimeric and humanized monoclonal antibodies.

Chimeric mouse-human monoclonal antibodies (i.e., chimeric antibodies) can be

25 produced by recombinant DNA techniques known in the art. For example, a gene
encoding the Fc constant region of a murine (or other species) 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 PCT/US86/02269;

30 Akira, et al., European Patent Application 184,187; Taniguchi, M., European Patent
Application 171,496; Morrison et al., European Patent Application 173,494; Neuberger
et al., International Application WO 86/01533; Cabilly et al. U.S. Patent No. 4,816,567,
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, EuropeaMatent Application 173, 494; Neuberger et al., International
pI i cation 86/ 01533; Cabilly et al. U S. Patent No. 4, 816, 567;
20 All of the CDRs of a particular human antibody may be replaced with at least a

portion of a non-human CDR or only some of the CDRs may be replaced with non-
“human CDRs. It is only necessary to replace the number of CDRs required for binding
of the humanized antibody to the Fc receptor. |
. An antibody can be humanized by any method, which is capable of replacing at
25 least a portion of a CDR of a human antibody with a CDR derived from a non-human
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-
30 directed mutagenesis as described in International Application WO 94/10332 entitled,
* Humanized Antibodies to Fc Receptors for Immunoglobulin G on Human Mononuclear

Phagocytes.




WO 01/ 09187 PCT/ US00/ 20272 -39 Cabilly et al., European Patent Application
125, 023; Rajéworsyt al. (1988 Science. 240:1041-1043); Li upetrusdor2082987)
PNAS 84:3439-3443; Liu et al., 1987, J. Immunol. 139:3521-3526; Sun et al.
(1987) PNAS 84:214-218; Nishinura et al.,40987, Canc. Res. 47:999-1005;
Wod et al. (1985) Nature 314:446-449; and Shaw et al., 1988, J. Nat! 5
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Appl i cation 94/ 10 urmani zed Antibodires to Fc Receptors for
| mrunogl obul i n G Bispétifia and/orudtispe¢ifia molecules of the present invention can be made
using chemical techniques (see e.g., D. M. Kranz et al. (1981) Proc. Natl. Acad. Sci.
20 USA 78:5807), "polydoma" techniques (See U.S. Patent 4,474,893, to Reading), or

recombinant DNA techniques.

In particular, bispecific and multispecific molecules of the present invention can
be prepared by conjugating the constituent binding specificities, e.g., the anti-FcR and
anti-HER2/neu binding specificities, using methods known in the art and described in

25  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 cross-linking
agents include protein A, carbodiimide, N-succinimidyl-S-acetyl-thioacetate (SATA),

30 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) Proc. Natl. Acad. Sci. USA
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Number 5,260,203; U.S. Patent Number 5,455,030; U.S. Patent Number 4,881,175;

20 U.S. Patent Number 5,132,405; U.S. Patent Number 5,091,513; U.S. Patent Number
5,476,786; U.S. Patent Number 5,013,653; U.S. Patent Number 5,258,498; and U.S.
Patent Number 5,482,858.

Binding of the bispecific and multispecific molecules to their specific targets can

be confirmed by enzyme-linked immunosorbent assay (ELISA), a radioimmunoassay
25 (RIA), or a Western Blot Assay. Each of these assays generally detects the presence of
protein-antibody complexes of particular interest by employing a labeled reagent (e.g.,
an antibody) specific for the complex of interest. For example, the FcR-antibody
complexes can be detected using e.g., an enzyme-linked antibody or antibody fragment
which recognizes and specifically binds to the antibody-FcR complexes. Alternatively,
30 the complexes can be detected using any of a variety of other immunoassays. For
example, the antibody can be radioactively labeled and used in a radioimmunoassay

(RIA) (see, for example, Weintraub, B., Principles of Radioimmunoassays, Seventh
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20 dibromomannitol, streptozotocin, mitomycin C, and cxs-dlchlorodlamme platinum (II)

(DDP) cisplatin), anthracyclines (e.g., daunorubicin (formerly daunomycin) and
doxorubicin), antibiotics (e.g., dactinomycin (formerly actinomycin), bleomycin,
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,

25 e.g., radioactive iodine, to generate cytotoxic radiopharmaceuticals for treating a
HER2/neu-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

30 polypeptide possessing a desired biological activity. Such proteins may include, for
example, an enzymatically active toxin, or active fragment thereof, such as abrin, ricin

A, pseudomonas exotoxin, or diphtheria toxin; a protein such as tumnor necrosis factor or



whi ch recogni zes and specifically binds to the antibody-FcR conpl exes.

Al t er nat iwgloyned9 the conpl exes can be detected using anypg.}mgooyﬁ?.}zety of
ot her i munoassays. For exanple, the antibody can be radi oactively | abel ed
and used in a radi oi munoassay (RIA) (seq, for exanple, Wintraub, B.,
Princi pl es of Radi oi nmunoassays, Seventh 01/ 09187 PCT/ US00/ 20272 -42

Trai ni ng Course. on Radi.ol.i gand Assay Techni ques, .The Endocrine.Society, -
e ch 108 ETTHRER: P iolRE T GreRoBte By TRERlEh b SR emRe DIk oact | ve

i sot ope canj; H8h- AR J1Y; e EL - k-6 ("IB-6), Eratil ra
scintillati cl){ril)‘@r(:h(a:)unl:‘e(rz %r gymﬁg%?lgr adi %??ﬁ%ﬂ;%lééﬁmvetg\%tq%ody S

Conj ugat es/ inmacrophags coleny stinwletibgfactos (€3 -CSFD, granuleeite colomystimoulafiegit ur es a

human anti - HER2/ mnoclponal anti body, or a fragnent thereof, conjugated
to a ther ap?ﬁﬁt?rcpﬁo%%W’,ors ?{%%W&’;a‘é Pot oxin, a drug or a radi oi sot ope.

When conjsugat ed tTecBnigidsFoPednjugatif Sechathérapadic méleab janElbddiss aré Vellef er r ed
to as "immnotoxins." A cytotoxin or cytotoxic agent includes any agent

that is det KREWnisee, €8 dean et aly Magoclonal Antibodiesdias Jmmunotangeting,Qf Drugs

cyt ochal asi Fal.Cl el | 10 | e | ' | I}

et oposi de, ?réﬁ:g%%egi@g%a Y’&Vilﬁ%ﬁng%ﬁ%l,%@r?gfegs n:aﬁce?n%%%?pcyi’nf }Sgcgggir%]bi cin,
daunor ubi ci edsdi pry. ®48>86 (Atar R 2lciss) Ineli1088); Hellsteotn et 41 MAntibodiés FonDrug,
actinonycin_D,. 1-dehydr ot ﬁs §St erone, 15 gl ucocorti COiaiS . procaine

t et r acai ne, DeliNgRai REontgp FA g Belivegy, (Pnd psom et al{&nl #P- €43-FHol ogs
t her eof . Th@(ﬁf@c ' t fogt » QI ldep o) :

ant i net aool I'tes | e%&%&?&?}f{éﬂ% é,%?re?ca%?grslgf:ﬁn%,@&éf-ct §egésulgn(|3ar?g?r
cyt ar abi ne, ThefapyoA Reviest"| in Menealdmat iAméibodies ¥¢1 Biologicah gaadtClinfeal g. ,

omisti ne. ( CBRBY o0 BB e PR TG 1985 b e nd et
st r ept 0zot 0Prddpedtiviey e THerapRittle Tksé O RabiolbrIBdANtHRIP IR Chided Thédapy”, (ODP)
cisplatin), anthracyclines &%%ah%fgaunorubl cin_ (fornerly daunonycin) and

doxor ubi ci nMongslanal Hntikodies Qetecting And ThesmyeBaldwin et Al degs), pp;

bl eonyciqa, x LA | %!/&Fﬁb ) | A Loagent s
(e.qg., vl?ncgpistliaégg%%gﬁc\??é% Hgsg)’l% ) %%b%hgyﬁg%xﬁﬁé{ %ﬁ%ggﬁt&?ﬁvent I on
can be conj BoypeaitstQf Antitady-dioxit Cogpgdtés” clmgmunoelaRewvaGd: 1189258 G982k, to .

generate cytotoxic radi opharmaceuticals for treating a HER2/ neu-rel ated
di sorder, such as a cancer. The anti body conjugates of the invention can be

used to nodi \Plandhot@tical Compositions ' '

In another aspect, the present invention provides a composition, e.g., a

20 pharmaceutical composition, containing one or a combination of human monoclonal
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
antibodies or antigen-binding portions thereof of the invention. Preferably, each of the

- 25 antibodies or antigen-binding portions thereof of the composition binds to a distinct, pre-
selected epitope of HER2/neu.

In one embodiment, human anti-HER2/neu monoclonal antibodies having
complementary activities are used in combination, e.g., as a pharmaceutial composition,
comprising two or more human anti-HER2/neu monoclonal antibodies. For example, a

30 human monoclonal antibody that mediates highly effective killing of target cells in the
presence of effector cells can be combined with another human monoclonal antibody

. that inhibits the growth of cells expressing HER2/neu.

S
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25 anti bodi es or antigen-binding portions thereo e conpogltion bi nds
t.o a di sti ndoxicplogicakeffestst(eet ®pi, Berge, SM. R/ (1877) Jl Phane Seirisecti-n®nt , hunan

anti - HER2/ neékamf)rfé)scéf%{{a'l sa?trs] tirlxc 1(1) eI a%?d Qfd\ftliglpsalts and base addition salts. Acid addition

20  salts include those derived from nontoxic inorganic acids, such as hydrochloric, nitric,

phosphoric, sulfuric, hydrobromic, hydroiodic, phosphorous and the like, as well as
from nontoxic organic acids such as aliphatic mono- and dicarboxylic acids, phenyl-
substituted alkanoic acids, hydroxy alkanoic acids, aromatic acids, aliphatic and
aromatic sulfonic acids and the like. Base addition salts include those derived from
25  alkaline earth metals, such as sodium, potassium, magnesium, calcium and the like, as
well as from nontoxic organic amines, such as N,N'-dibenzylethylenediamine, N-
methylglucamine, chloroprocaine, choline, diethanolamine, ethylenediamine, procaine
and the like.
A composition of the present invention can be administered by a variety of
30 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
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20 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

conditions of manufacture and storage. The composition can be formulated as a
solution, microemulsion, liposome, or other ordered structure suitable to high drug

25 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
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

30 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

B[
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unit contains a predetermined quantity of active compound calculated to produce the

20 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
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.

25 - Examples of pharmaceutically-acceptable antioxidants include: (1) water soluble
antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate, sodium
metabisulfite, sodium sulfite and the like; (2) oil-soluble antioxidants, such as ascorbyl
palmitate, butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), lecithin,
propyl gallate, a;lpha-tocopherol, and the like; and (3) metal chelating agents, such as

30 citric acid, ethylenediamine tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric
acid, and the like.
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20 which may be required.

The phrases "parenteral administration" and "administered parenterally” as used
herein means modes of administration other than enteral and topical administration,
usually by injection, and includes, without limitation, intravenous, intramuscular,
intraarterial, intrathecal, intracapsular, intraorbital, intracardiac, intradermal,

25 intraperitoneal, transtracheal, subcutaneous, subcuticular, intraarticular, subcapsular,
subarachnoid, intraspinal, epidural and intrasternal injection and infusion.

Examples of suitable aqueous and nonaqueous carriers which may be employed
in the pharmaceutical compositions of the invention include water, ethanol, polyols
(such as glycerol, propylene glycol, polyethylene glycol, and the like), and suitable

30 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
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20 Actual dosage levels of the active ingredients in the pharmaceutical

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

25 factorsincluding the activity of the particular compositions of the present invention
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

30 health and prior medical history of the patient being treated, and like factors well known
in the medical arts.
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the devices disclosed in U.S. Patent Nos. 5,399,163, 5,383,851, 5,312,335, 5,064,413,
20 4,941,880, 4,790,824, or 4,596,556. Examples of well-known implants and modules

useful in the present invention include: U.S. Patent No. 4,487,603, which discloses an

implantable micro-infusion pump for dispensing medication at a controlled rate;
U.S. Patent No. 4.,486,194, which discloses a therapeutic device for administering
medicants through the skin; U.S. Patent No. 4,447,233, which discloses a medication
25 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,
which discloses an osmotic drug delivery system. These patents are incorporated herein
30 by reference. Many other such implants, delivery systems, and modules are known to
those skilled in the art.
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The composition must be fluid to the extent that easy syringability exists. It must be

stable under the conditions of manufacture and storage and must be preserved against
the contaminating action of microorganisms such as bacteria and fungi.
A "therapeutically effective dosage" preferably inhibits tumor growth by at least
25 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 composition
can be evaluated by examining the ability of the compound to inhibit, such inhibition in
30 vitro by assays known to the skilled practitioner. A therapeutically effective amount of
a therapeutic compound can decrease tumor size, or otherwise ameliorate symptoms in a

subject. One of ordinary skill in the art would be able to determine such amounts based
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Laukkanen (1994) FEBS Lett. 346:123; J.J. Killion; 1.J. Fidler (1994)
| mmunonet hods 4:273. In one enbodi nent of the invention, the therapeutic -

conpounds OfV% Qgegﬁl\a%%—thgﬁ G¥he IfvRhtidH ated in |IpOSOITES in a nore
preferred e clude a eting noiety. In a nost
Srfaferred enbodi Tfh@tqmpdsmmdcgphummnmnﬁomi@mlb lcm}gﬁiupfib awhes are
el ivered bXer?v%'tlggs/éo%ugaEes?ﬁ'ere&) of ﬁlletp?e rtqé\lren?ilon havd &evzltrg 9Rd iPSivd N ecti on.

20 diagnostic and therapeutic utilities. For example, these molecules can be administered

to cells in culture, e.g. in vitro or ex vivo, or in a subject, e.g., in vivo, to treat, prevent or
diagnose a variety of disorders. As used herein, the term "subject” is intended to include
human and non-human animals. Preferred human animals include a human patient
having disorder characterized by expression, typically aberrant expression (e.g.,

25 overexpression) of HER2/neu. 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 HER2/ney, including,

- for example, cells of an adenocarcinoma, e.g., salivary gland, stomach and kidney,
mammary gland carcinoma, lung carcinoma, squamous cell carcinoma, and ovarian

30 cancer cells. The term "non-human animals" of the invention includes all vertebrates,

~ e.g., mammals and non-mammals, such as non-human primates, sheep, dog, cow,

chickens, amphibians, reptiles, etc.
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20 lung carcinoma, squamous cell carcinoma, and ovarian cancer. :

g )

Methods of administering the.compositions (e.g., human antibodies,
multispecific and bispecific molecules) of the invention are known in the art. Suitable
dosages of the molecules used will depend on the age and weight of the subject and the
particular drug used. The molecules can be coupled to radionuclides, such as 1311, 90Y,

25 105Rh, etc., as described in Goldenberg, D.M. et al. (1981) Cancer Res. 41: 4354-4360,
and in EP 0365 997. The compositions (e.g., human antibodies, multispecific and
bispecific molecules) of the invention can also be coupled to anti-infectious agents.

Target-specific effector cells, e.g., effector cells linked to compositions (e.g.,
human antibodies, multispecific and bispecific molecules) of the invention can also be

30 used as therapeutic agents. Effector cells for targeting can be human leukocytes such as
macrophages, neutrophils or monocytes. Other cells include and other IgG- or IgA-

receptor bearing cells. If desired, effector cells can be obtained from the subject to be



tocells in culture, e.g. invitro or ex vivo, or in a subject, e. g , In
vivo, towg egdsasPrevent or diagnose a variety of di sor dgsspudias

herein, the term"subject"” is intended to include hunman and non- uman
animal s. Preferred human ani mal s incl udes. human patient having di sor der
characterized by expression, typically aberrant expression (e.g.,
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chi ckens, %H%Faﬁ re t| les, etc. 111111 WO Q1/09187 PCT/ US00/ 20272
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assayed. Prot ocol S r ass faor.effector cell-npediat ed cytolysis are
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mul tispeci fised aydirdet ﬁﬂ?ﬂisﬁh& cyt%@b@éﬁé&ﬂr?guﬁimﬁ% H:'Zé/
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For exanpl dorenemplenanti-HERGbieuaatibadiesi linked ¢s anti-Fe-gamuaRl spauti-TB anayrbe

bi specific C ed.. for e | e licit in vivo or in
vitro one o&%%@% ?ﬁ%“}fftg'llgé P I&%T%F%&%sziﬁ&q’?qe}flg?%?ts to opsonize a
cel | exp§ essi ng BikjeRidwd mbldspaeiticrh6lepilagorot aiehition caydls) besisedef a cell
expressing HER?/neu in the 15 presence of human effector cells; or to
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el Tent e SHEJUTR B 390 SR BRI L b AR "
Exanpl es ofpulisR/ neu-rel ated di seases include a variety of cancers, such as
The compositions (¢.g., human antibodies, multispecific and bispecific
20 molecules) of the invention which have complement binding sites, such as portions from
IgG1, -2, or -3 or IgM which birid 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
supplemented by the addition of complement or serum containing complement.
25 Phagocytosis of target cells coated with a binding agent of the invention can be
| improved by binding of complément proteins. In another embodiment target cells
coated with the compositions (e.g., human antibodies, multispecific and bispecific
molecules) of the invention can also be lysed by complement.
The compositions (e.g., human antibodies, multispecific and bispecific
30 molecules) of the invention can also be administered together with complement.
- Accordingly, within the scope of the invention are compositions comprising human

antibodies, multispecific or bispecific molecules and serum or complement. These
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this 20  linked to a molecule that can be detected. Thus, the invention provides methods for

localizing ex vivo or in vitro cells expressing Fc receptors, such as FcyR, or HER2/neu.
The detectable label can be, e.g., a radioisotope, a fluorescent compound, an enzyme, or
an enzyme co-factor.
In one embodiment, the invention provides methods for detecting the presence of
25 HER2/neu antigen ina sample, or measuring the amount of HER2/neu antigen,
comprising contacting the sample, and a control sample, with a human monoclonal
antibody, or an antigen binding portion thereof, which specifically binds to HER2/neu,
under conditions that allow for formation of a complex between the antibody or portion
thereof and HER2/neu. The formation of a complex is then detected, wherein a-
30 difference complex formation between the sample cbmpared to the control sample is

indicative the presence of HER2/neu antigen in the sample.
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sites, such as portions from I1g3@ -2, or -3 or IgMwhich bind conpl enent,
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by the addition of conplenent or sérum containing conplenent. 2
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conpositions are advantageous in that the conplenent is |located in close
proxi nmity tBxamples.human anti bodi es, nultispecific or bispecific nolecules.
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ement or serum can ere
separ at @0y . should 150 beicoinstimed hefisthephmiting. lEheicontentsiof Sequencé Listingofiguresi ng -
t he conpositio e.g., human antj.hodies, nultispecific and bjspecific .
nol ecul es) @d‘{?ﬁ"é&i" shPrlsRSAN puﬁahglea@g{epbz}pglhpm "ﬁ§59&‘%ﬁ U P{@Q‘n further
contain a 'ﬁﬁ,ﬁkam%e%régsmko?smmiﬁ%9%@&::“:&0rrpI ement, or one or nore
addi ti onal human anti bodies of the invention (e.g., a human anti body
havi ng a conpl enentary activity which binds to an epitope i'n the HER2/ neu
10 antigen distinct fromthe first human anti body). In other enbodi nents,
the subject can be additionally treated with an agent that nodul ates,
e.g., enpances or inhibits, the exprEXAMPLES activity of Fcy or Fca
receptors, by for exanple, treating the subject with a cytokine. Preferred
cytokines for administration during treatnent with the nmultispecific
mol ecul e i ngk,y,ﬂgleqf G andtafioM of Chvu teefed miick ul ating factor (G CSF), _
gr anul ocyt e- nacrophage colony-stinulating factor (GWCSF), interferon-y
(IFN-y), and tunmor necrosis factor (TNF). :

Construction of a CMD targeting vector

20 The plasmid pICEmu contains an EcoRI/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/EcoRlI sites of the plasmid pICEMI9H (Marsh et al; Gene 32, 481-485,
1984). The heavy chain sequences included in pICEmu extend downstream of the

25 EcoRlI site located just.3’ of the mu intronic enhancer, to the Xhol site located
approximately 1 kb downstream of the last transmembrane exon of the mu gene;
however, much of the mu switch repeat region has been deleted by passage in E. coli.

The targeting vector was constructed as follows (see Figure 1). A 1.3 kb
HindIII/Smal fragment was excised from pICEmu and subcloned into HindIIl/Smal

30 digested pBluescript (Stratagene, La Jolla, CA). This pICEmu fragment extends from
the HindII site located approximately 1 kb 5° of Cmul to the Smal site located within
Cmul. The resulting plasmid was digested with Smal/Spel and the approximately 4 kb

I
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FcyR or HER2/neu, for exanple for |abeling such cells. For such use, the
bi ndi ng agent can be 20 linked to a nol edél-e that can be detected. Thus,

t he invention provides nmethods for localizing ex vivo or in vitro cells
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Exanpl es. The present inventi on Is further_illustrated the toll OWI ng

exanpl es whilenu saquensesy The mesulting plasmid was dingarized witiNot f ﬁ%"‘i’ 2 hgrpes simpl x
contents of eQUARGS fde'k?ﬁa{sg )f:ésgé’c{ 1 o% edlth aflﬁ&%xeé}ﬁ-ﬁ:hmeﬂ%% SlofiEld

publ i shed patent "applicatio cite out t I cation are
expresslisi rtemmmhmebghmmbmhyxamte,fasrdemécd by Man&m&&l E988piNatute 336:

The pi asm o HPCIRR RIS CAREE ORITE (RS PRERESROaPe e ErREet BY iy

mouse pgk promoter and polyadenylation site, as described by Tybulewicz et al. (1991)

Cell 65: 1153-1163. The resulting CMD targeting vector contains a total of

approximately 5.3 kb of homology to the heavy chain locus and is designed to generate
20 a mutant mu gene into which has been inserted a neo expression cassette in the unique

Smal site of the first Cmu exon. The targeting vector was linearized with Pvul, which

cuts within plasmid sequences, prior to electroporation into ES cells.

Generation and analysis of targeted ES cells -
25 AB-1 ES cells (McMahon, A. P. and Bradley, A., (1990) Cell 62: 1073-1085)

were grown on mitotically inactive SNL76/7 cell feeder layers (ibid.) essentially as

described (Robertson, E. J. (1987) in Teratocarcinomas and Embryonic Stem Cells: a
Practical Approach (E. J. Robertson, ed.) Oxford: IRL Press, p. 71-112). The linearized
CMD targeting vector was electroporated into AB-1 cells by the methods described

30 Hasty et al. (Hasty, P. R. et al. (1991) Nature 350: 243-246). Electroporated cells were
plated into 100 mm dishes at a density of 1-2 x 10° cells/dish. After 24 hours, G418
(200 mi_crograms/ml of active component) and FIAU (5 x 10”7 M) were added to the
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The resulting plasmd , was linearized at th site, and a neo

expr essi on Sacd fragment, pmhetAeésee Figwre; 1); adbich hybridizes tose @%anerhgt"f‘f’éﬁ thema under

br oot or - (BEPPEAapafcEl b ine S GATHTBUSR. Prdtgs HERas 4 SRIKS Spel igatent £OV)
cont ai nijgy fb@ tﬁélkulﬁg%'yeaelgeﬂwhﬂd h Giagaostie 7(63\kaHahdl-i'fmdi 4 mufloagivehith haoer et

al . (1990) Biochem ¢ netics 9 . This cassette was obtai ned
fromthe phemelogoyskyrecombingd; |"ﬂ@0‘ﬁﬁ§3"ﬂ3 govectar ( 'g'F nee §{YISSIqRqassess:

1153-1163 P@f}ﬁ(ﬁ [ 1]
f ragnment ;ndds %Sﬁ&cfnkgte(gﬁg EcoRI Hi gﬁléﬁ%ggtggﬁs%p‘;@&&g é@?&?o

generat e pGElM dnal ysis, :B)dlspth)cd 7.6 kb Spe band/\mdlcanw eﬂmmqlggmpmwmbn(xa(W) by

EcoRl / Sal | t ded | f th
ol asm d_ prapithe i 19Rs: hERR? FBns wERPuis Ppef bR ke, Bebflonces.

The resykt i ngi PRI & hht the ¥édtardititepiated }Nﬁﬁolbgomr}ﬁnﬁ the hmns.l Mﬂieax
virus thym di ne ki nase (tk) cassette was i nsert Hé% hrrent
Y" gHy

of ES cl onebybrilizedawitihprobe fo Seytbemn tﬂ%’éGﬁﬂi‘lﬁé}Wf’s s?)"ur et
| . (1988 )
al . ( ) ?@%xﬁ[’ éﬁt i?’?tgen éﬁb 45.7TRi3s aﬁ:ﬁ?@?i&) eregﬁéaﬁvay swnéreatsftﬁe 5&@@&&9

sequences 0 eted by nouse pgk pronoter and
pol yadeny| abf prargstédemu aﬂeldesmdldated blyfragymtsmmoﬂz, 6ct, apd 14. @1@913)51360(!@@15’ 65:

appr oxi mai oM PRl it dherayY Bt S RGO BRI Rieded BT B8R0 e

10 genergt EcoRI restriction fragments diagnostic of insertion of the neo cassette into the Cmul

exon. - . .

Generation of mice bearing the mutated mu gene
The three targeted ES clones, designated number 264, 272, and 408, were
25 thawed and injected into C57BL/6J blastocysts as described by Bradley (Bradley, A
(1987) in Teratocarcinomas and Embryonic Stem Cells: a Practical Approach. (E. J.
Robertson, ed.) Oxford: IRL Press, p. 113-151). Injected blastocysts were transferred

into the uteri of pseudopregnant females to generate chimeric mice representing a
mixture of cells derived from the input ES cells and the host blastocyst. The extent of

30 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

1



20 a mutant mu gene into which has been inserted a neo expression cassette
in the unw@ua/09WBTal site of the first Cru exon. The targetpC@uswezR Was

|l inearized with Pvul, which cuts within plasm d sequences, prior to

el ectroporation into ES cells. GenerationS&nd analysis of targeted ES cells
25 AB-1 ES cells (McMahon, A P. and Bradley, A, (1990) Cell 62:
1073-1085)  ayouti pigmuntatith) But §lbac264 prodaced Hiye W%Jmﬁl@'chinﬁ&ﬁﬂefhéséyer s
(ibid.) essentially as. described obert son, E J. (1987) in

Ter at ocar ci rdwasTag yerehued yith €5 HR1e/6Y Eamales and agonti offspring wersrgsnetateds. J.

Robert son, 3 i . : & neari zed

tar get i ng. varsetls O Gl uakifsof of A BRI echie. $05GN AR e Hiered
descri bed 30mbigshe/wes catied 6wt SoutlRrn Blot @halgis of BEHHIgeB&HIDNAQiﬁQﬁ tadlt 3- 246) .
El ectropogated cells vver,g | at ?d into, 100 mm dishes at a_density of 1-2 x
106 cel | 55 di EAPSI19% (@8 dessribed shove feranalysisafESeell BYAdmApproximatgly 5&@ of the

conponent) I : > ML /. 8 .
1] Usons 202 p0ut cfbipine thokla’s Hbrihfe BEffBind Br 1.7 S XRlbia b nald wpe
devel op overba@d®fd&y/kb, Gtroomstrating e gepnlinectiansimisspom of ticthrgetédindedné.nt o t wo
portions, and further expanded. Half of the cells derived fromeach clone
were then frozen and the other half anal yzed for honol ogous reconbination

bet ween vect&ﬁalggdofﬁa&géniéﬁﬁé@f&?ﬁﬁzctién%&ﬂaﬂi&%ﬁnlw_%én&ar” ed out by
Sout hern_bl ot "hybridi zat ron. ; | ones as descri bed
Lai rd etl@l. (LaiFeideterming whethat the ixseedon ofbe heo casgattedntor@mul hadinactiies) .

| sol at ed ge ! s digested Wt h.Spel and probed wwth a 915 b Sacl
fragment , p;}gg‘e&& Egece i%ﬁ%?nge%icé?pﬁ?mqs&r%?‘ 8"&0‘558&8@?33%&%%
the nu i nt rtheldDenbratioswiielinabtvatas Hewiy elain egprestionTsiesifl SEded&ion o the 9
kb Spel fraggent 10 froméhe Wigb‘%s& | ocus, and a di agnostic 7.6 kb band

’ 2a

froma mu | dtlgengsegments {Chensta npweb 5, pAEE56) Hour agoutvesfspainget i ng
vector (the Si i i 132, 418
and B AU oo ¢ geaes” Sthint 80 Siind BB BlufmaR S oBlabE bt Bonlt 38 00
the 7.6 kb Jssayed byklIBAdortht prasende dfomminegight Twoofitliefaty offsprizig wéie nu

| . These_3 ¢l t igested with th Bgli, BstX,
15 and EcoRoBIE irgkiEM (e Tobleclyr Cenpigins: ol e ut moRmY Seutbentiel
gene. Wen anylysistif DIIA okl tallbibiRied by BT BRestid &H%yefidﬂ%ﬁéli‘%&)_;ﬂs@g% and

digested with Bgll, BstXl, or EcoRl produce fragnents o
12.5 kb, res(ff‘édtglsm 1), anghhy Stukdigestiopaad ybridizatfonawithia @5 bp EcoREStH| e i s

i ndi cat ed by, . hespectively. |1 3

positive clongs _ggpgfg?e ITE))?/I Stgﬂee&ggteﬁh%%ﬂ 1&%@? %?Ecg’\/\%% ?? %g’r%%?ﬁg%‘h{gl\@@ﬁ ,

Bst XI, a?fH 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 EcoRl restriction fragnents diagnostic of insertion of the neo cassette
into thewdeer#0Nn. Generation of mce bearing the nutatgerReodere The
three targeted ES cl ones, designated nunber 264, 272, and 408, were 25

t hawed and injected into C57BL/6J bl astogysts as described by Bradl ey
(Bradley, A (1987) in Teratocarci nomas and Enbryonic Stem Cells: a

Practi cal Ag.gl%ﬁg . (E. J. Robertson, ed.) Oxford: IRL Press, p. 113- 151)
I nj ected bl CySts were transferred into the uteri of pseudoprjnant
females to k@t e chinmeric miSeramgMenting a | Jg Hichain gehotyglel s deri ved.
fromthe input ES cells and thg haost bl asfocyst. [The extent of 30 ES cell
contribution to the chinmera car (BBCKHEE’EF& "}l)estl nmat ed by the amount{ of

agouti co Hor-at+om—deriv Tt ESTet T EBITAEDPT L e b ac
C57BL/6J b tzground. Cl ones 272 énot? 408 produced| on ﬂ-[Iow per cent age

chimeras (i 48 Tow percentage df1961111: 11 WO 01/0 -58
agouti pignentation) but clone 264 nroduced high percentage chf mer as.
These chir S were bred vvith wer e
gener at ed, 45|d| cattve—of—germ |l|

‘Screening flor" the targeted nu |gene was carri ed 0 by Sout hern bl o}
anal ysi s of [ B@ht BU6gdst ed DNA flrigd tail 5 bi opsiest/ras descri bed abpve for

analysis of_ES cell DNA) Apprdxinately 50%of ¢ ' showed
a hybridizi pHBgl | band of 7.7 [KIP902 addition to d type band of
15. 7 kb, dewpAstrattng—agerntrme—transnmrssronmof the targeted o gene.

Anal ysis of trans genic mce for functional inactivation of nmu gene 10 To
det er m ne wirgblbdrshowe therlowid ofseroh IgMedetecied by ERISA, fpnnﬁacecam’yirtgdmth the

o nd Sk SHICRABERE, B oA TG Rt °

expressi @n ﬁﬁfﬁp&%%ﬂdgsp Ct?t@éd QCS?I@LI@J}FI nlideqeﬂt} SRTHEB céll a@‘@&xﬁhlcal

(1993) | mu our agout i spring were generated. Ser um
was obt ai nehomozugouhﬁxeh%lﬂmmwatmn((gﬂ@/&@) of 1 nonth and 15 assayed by
ELI SA for the presence of nurine IgM Two of the four offspring were:

conpl etely lacking 1gM (see Table 1). Genotyping of the four aninals by
Sout her n bl Bkamphéd y S GenefatiohAfHOOL2 ardnspérmipaiies by Bgll di gestion and
hybridi zation wwth probe A (see Figure 1), and by Stul .digestion and
hybridi zation with a 475 bp EcoRI/Stul fragnent (ibid.) denonstrated that

the ani qyl STHOHAID FAUmdnhea¥PERSS nafigbie | oM are
The HCO12 transgene was generated by coinjection of the 80 kb insert of pHC2
(Taylor et al., 1994, Int. Immunol., 6: 579-591) and the 25 kb insert of pVx6. The

plasmid pVx6 was constructed as described below.
An 8.5 kb HindIII/Sall DNA fragment, comprising the germline human VH1-18
15 (DP-14) gene together with approximately 2.5 kb of 5’ flanking, and 5 kb of 3’ flanking
genomic sequence was subcloned into the plasmid vector pSP72 (Promega, Madison,
WI) to generate the plasmid p343.7.16. A 7 kb BamHI/HindIII 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 pBR322
20 based plasmid cloning vector pGP1f (Taylor et al. 1992, Nucleic Acids Res. 20: 6287-
6295), to generate the plasmid p251f. 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 kb of 3" flanking genomic

IR



20 those in which one allele of the heavy chain | ocus carries the JHD

mut at i onwo brosagher allele the Cnul nutation. M ce het er BEYHSUB22T t he
JHD nutation display wild type |evels of serumlg. These data denonstrate
that the Cnul mutation inactivates exprdédsion of the nu gene. WD 01/09187
PCT/ USOQ 20272 -59- TABLE 1 Mbuse Serum 1gM 1 g H chai n genotype

(m crograns/seqwncelzmermﬁir@l\;ﬂ&siﬁmpna21@67+de-tﬁ>gesleﬁwﬁhmml-ﬂv(&aﬂllaﬂd 45 174

+/JHD 129 El, 15 /+ <0. H b shows .t he .| s of
serum | gM @P@ t‘@ﬂ‘%?}é{g’l%ﬂleE géalg ?Pﬁﬁzsgg't hﬁFﬁeé 1 dJﬁé‘J

nut ations (GMQ/& d vitl XHbICahd Nm%%ﬁ%)&Bﬁsilﬁﬁxsehto@?Bwﬁd +/ JHD) ,
for wld type (129Sv x C57BL/6J) mce (+/+), and for B ce defi ci ent

m ce honmozygous A clone M@sgb@nedtvaﬂi the \(HHIDB gemyin ﬂ{&m erientationcasahe othenf

HCOL12 tr enis¢ _mce. .10, The Th 2
transgenzg]wgg’ geﬁ%}eﬁ't Zﬂls %@oﬁ?ﬁ%ﬁﬁ&%@ g’%df L*era é‘? &%g g ur | or
et al., 19946 Kbihsert é'ﬁihj@&éd—do@ethéﬂ&rtﬁ%’e)plﬂmédmb%b%otk thsbﬂ%ﬂa HQ2fat E\IXﬁ The
pl asm d pVx6 was constructed as describ 8.5 i ndI | 1/ Sal | DNA

fragment, cdngles BHagintsthepaonucial of nmrbﬂf QMCQWBLIGJ %9131’1/3 gEMbry st her

with a I‘OXI enoni c

sequengg was su@J ?‘bﬁ }%éﬁte gjllt ﬁB ﬁ+%%@ggvbélg{ﬁ§UQn§g9gl}d§P%Jn%ﬁgﬁ N&dl gon

W) to generlaﬂberatch'y Md:mshﬂ&" qlddich, 1994,.Cold Bpiig Hm*ﬁdk)[hbmﬁtdry Pﬂﬁﬁ Hlaiagiewnt ,
VH5-51 (DP-73) t t t

SSSP E);(;Slrwg(?el ) B\Qleaen%m;\mm ﬁmemcmcs &ggn;,g %ﬂu%ceg@mbeth Vx6

sequence, ‘H(‘:’Z‘ %I%Bn&ﬁé@ /@ﬁgﬁ%& hat %&ﬁge&hﬂﬁi@h& L&Ri BYb ﬁﬁ:ﬁt ThefCP | f

(Tayl or et 1992, Nuclelc S Res. 287- 6295 to rate the
pl asm d p2511rksav&d¢elgnubﬁfﬁlﬁ@lﬁﬁéﬂ81 (MOlﬂébIS(]%Bomqo(ﬁCﬂ)IZ)JSWP Bach of 81€Q | D

NG 13), was tgreg ?%Ese \grere (Dn tIJZ‘r%S At anql;:"e corarlxr]]a%smg %?t éﬂdﬂ u?ati%(r)l c*égcribed in
Example 1, the JKD mutation (Chen ef al. 1993, EMBO J. 12: 811-820), and the
15 (KCo05)9272 transgene (Fishwild et al. 1996, Nature Biotechnology 14: 845-851). The

resulting mice express human heavy and kappa light chain transgenes in a background

homozygous for disruption of the endogenous mouse heavy and kappa light chain loci.

Example3 Production of Human Monoclonal Antibodies and Bispecifics
20 . Against HER2/neu

Human anti-HER2/neu monoclonal antibodies were generated by immunizing
the HCO7 and HCO12 strains of HuMAb mice with HER2/neu antigen derived from
three sources: 1) human breast carcinoma cells which express high levels of HER2/neu,

25 SKBR-3 and BT-474, grown under standard conditions, harvested and washed with
PBS; 2) Lysates from SKBR-3 cells immunoprecipitated with a murine anti-HER2/neu
monoclonal antibody and anti-murine IgG sepharose; and 3) HER2/neu shed from
SKBR-3 cells and purified by affinity chromatography using a murine anti-HER2/neu
monoclonal antibody. HCO7 HuMAb mice were generated as described in U.S. Patent

30 Nos. 5,545,806, 5,625,825, and 5,545,807, the entire disclosures of which are hereby

incorporated by reference.



EcoRVBanH DNA fragment, conprising the germine human VH3-23 (DP47) gene

t oget herm%ﬁé),prom mately 4 kb of 5 flanking and 5 kb pgfyndsookéapki ng
genom ¢ WO 01/09187 PCT/ US00/ 20272 -60 sequence. The resulting

pl asm d, pll2.2RR 7, was digested with BegnHl /Sail and I|igated with the 7
kb purlfled BanHI/SaII insert of p251 f. The resulting plasmd, pVx4, was:

di gested wi th Xhg| 2ndakd gRieH k ZeQ S8t
p343.7.16. A cl oﬁlepvvas %)ljbt al ne%‘wwﬁ?ﬁtlbﬁlggevﬁf&?nmgggéﬁlﬂiﬁh% he sarr%ﬁgens

ori ent at i onemalsified in Coapleté Freund's /gdgnmt Irhsubsesjuentamnelnizaiions. aotigenss, was .

t hen d ted wifh No d 6 th
W th the pubFIS B dTaRGpler B AT es Finalyy el gty AR FRichRFC" (1
pronucl ei Qm%ﬁ phet fo Qﬁﬁeé@ﬁ@&bésﬁpkrmn%&mpﬁﬁﬁem‘aﬁm &l nolsdjevanned by
Hogan et al Hogan'e Mani pul ating the Mouse Enbryo, A, Laboratory

Manual , 3" dMick wmnmmmwd e@gwyolz-smehs; Aﬁmb«v ﬂL&ﬂadapr?\ylnerlwstmlWan%v. ew

e AR BRI fer bRaohe B BE SRR ASL RSB CEs,

i nj ected enyiyOthat ddveped hn Afti-HBRY/seadligGrrespotsd Hﬁ@hﬂhﬁﬂa&&iﬁd ;(drﬂmmlﬁgtﬁBB

and (HC012) 15087. Each of the thr | ines were then bre%tﬂg ﬁ

conpri sing twdortrsedaysor beth d’é@EP{l‘g&!‘ SEBLIQHYe splenectqmy P FYR ( Chen

et al. 1993 272 transgene

(Fishwild e%esﬁmi%@gk%?é%ﬁ%?%l%@ﬁgp%‘%&;ﬁ%fq@@ gbmgs The gr esul ting
€5,

n ce expess hunfo gemaaty hybrdddmaperodicing amhHER2(neurst splerocytesifipround
honozygous fqQr djsru t|on of .the e nous se heav kappa | i ght
chai n” | oci . miggwith pla @aﬁ?mg %“ﬂgﬁgﬁﬁﬁﬁ“%%?l%ﬁ?“sﬁﬂ %‘odi es and

Bi specifics 8 cEflepssit Hwﬂﬁnhamc@m’e‘raeﬁgm@kmlcmlsmdi es
wer e genera?g§6%3%|8%rﬁ Zi n':B tee HCO7 and HCOL2 strains of HuUMAb mice with

HER2/ neu annorgsecretim moust mydmnatquS@né FEG: cAfterhybridamas greaseyt (%b&ub 19rdfta

cells which ex h own
under st andﬂ?’@ Z’cﬁ’?rq& t‘Juﬁ @rﬁ@:@é&% %f&'ﬁ%&ﬁg@%{&n%?hﬁéégt%g from
SKBR- 3 qal | asmgrwmphmamg(ammsm Pbsmverhybmbmtweréﬁmwmmted fereaatigemal
anti body and antl-rm |n<=]##ﬁ$ W‘ie and 3) HER2/ neu shed from SKBR-3
cel |'s and p&PSCHICHY UsiRE Sy tography using a nurine anti-HER2/ neu.
monocl onal anti bg (JFotfd AHER2AleS 81 0.25 i) S.
Pat ent 30 Nos. gﬁgyB o,UuSwr 256§8r‘2’v§Fe and 5‘16154 807, the entire glg/;r(f:ll osures
of which ar QBBemﬁblhen blocked with 5% bovine serum albumin in PBS. Supernatants from the

anti-HER2/neu producing hybridomas were added to each well and incubated for 1-2

20 hours at 37 °C. The plates were washed with PBS/Tween and then incubated with a
goat-anti-human IgG Fe-specific polyclonal reagent conjugated to alkaline phosphatase
for 1 hour at 37 °C. After washing, the plates were exposed to pNPP and the samples
read with a microplate reader at a wavelength of 405nm. Figure 2A depicts the binding
of three supernatants from the hybridoma cultures termed 3.F2, 2.E8 and 1.D2 to

25 recombinant HER2/neu as measured by ELISA. Significant binding was detected with
the three anti-HER2/neu hybridoma supernatants shown as compared to a media control.

Several hybridomas that secreted human IgG antibodies with specificity for
HER2/neu were subcloned and expanded for purification of the human monoclonal
antibodies. Monoclonal antibodies were isolated from supernatants of hybridoma

30 cultures grown in spinner flasks in 2 humidified incubator containing 5% CO2.
Antibodies were purified by chromatography on a Protein A-agarose column according

to the manufacturer’s specifications (Pierce, Rockford IL).

i1



i ncorporated by reference. WO 01/09187 PCTI USOQ 20272 -61 In particular,
HCO7 and wioodkavi18r ce were initially inmunized with anti genBCTmsSw/22f2 ed i n
Conmpl ete Freund's Adjuvant. |In subsequent imrunizations, antigens were

m xed with Inconpl ete Freund' s Adjuvant -6Bi-nal |y,  intravenous

adm nistration of antigen prior to splenectony was perforned with purified
antigen, and no Mictbtétiplatbs %ﬁ&o&&ﬂ@vxtﬁmmem-HERQMeﬁaﬁtlmkbloclééd witht he
third and follow ng inmunizati ons t he human | gG anti - HER%Bneu r vvas

det er ni ned %EEASWQ%HM@?@@J m@}wmataat 0 AYRISIOMNFY

anti-HER2/ n b&c{g} {
t hree days g%b DO 2?"1 t hr ee an ag‘?ﬁprqr}% h'?[gg g’%ﬁegﬁ%@g{r}gﬁ&rﬁgh\gﬁ%%s
from respordhdegtrations of&numahanuéiﬂmﬂnaxmmchqmt armbodm«)ram rsgtweceh‘dral 10 To

generate hy rido uci ng ant R2/ neu,. a | engcyt e from
mce with %a ‘Iﬁl 3*&5@1 8‘

P3X63- Ags8. 6%@5&@&&%&%&&%@ d\%&ﬁe{l 9@@1@& uaﬁ%rarpﬁgum@ élﬁ@vs’%%ggf—

1580 nonsecreting nouse | oma cel After hybridomas grew out
(about 10- 14ntibladyes)3. EACZlEsvdI D2coR1Gi 3 BAtp reybmbdmnaHERaéleB@smwedby t he
producti on ngman | gG 15 using an anti-human 1gG ELI SA. Positive

hybri domas further tested for antigen specificity using a HER2/ neu

ELI SA. Briefly, 'Hgllﬁ-i@bh{aﬁ whdhair6 §uced heman 346 Ehatbblin®d HERDIRA byHIASAcWerR!
0.25 gg/m in and then bl ocked with 5% bovine serum al bum n in PBS.

Super nat ¥ht furtheschameterizert by EEISA and flow exiomeny ﬁqymmmnmdme tetumnteglls o

each wel | r shed

wi th PBS/ Twe @g%ﬂeggxﬁjﬁﬁﬂléeﬁtar%ﬂ? %%gi;/m&ﬁiﬁg tgh@/ra%r‘llt |J§§ﬁﬁéa%tl é&gﬁ’p@c' fic

R?l ycl onalh belae Mybmjclamgaﬁthdupanahmbxmnlmggﬁﬂqumh esfvadre %uﬁbh&ﬂedﬁ?jn@? ﬁ:
ter washing, ates we ose and the read with a

m cropl ate tﬂ?é’b@rt?’ﬁ ‘eéf‘WéhFéF a%@ ’Qﬂrbél Q%e@egggli‘gtyt he bi ndi ng

of three Supgs, @%}Bﬂi}fromthe hybr| doma cultures termed 3. F2, 2.E8 and
|.D2 to 25 reconb HER2/ neu as neasured by ELISA. Si gnlflcant bi ndi ng
was det ek ed wi t Awelvechybridemaa that wiefeR@feeaad pyduuce bumars Igihaattibotdies aown as

conpared to a dia.co Sever al secrete I gG
ant i bodi es \ﬁPTqr‘:hE‘\sab‘é((h“P‘? ﬁéR? Bev FE?@?%E%BMQGBE %%Wt%ﬁ%&pgﬁ%&f or
purification 9, tiifo,RusRN PPN8IdANSIDE, qrm bp@vessas Mm@matwaiarmeeh es

were isolated from supernatants of “hyBr 30 cul tures fgrown I n spinner

fl asks in anwmneckonal aibodies ek 2. Eﬁ)dtﬁ? ril Bbo a9d BBA) were purified and found to
bind purified HER2/neu and human tumor cells expressing HER2/neu. These five

20 antibodies were shown to mediate cytolytic killing of human tumor cells expressing -
HER2/neu and inhibit human tumor cell growth in vitro.
In addition, a bispecific molecule, referred to as 14.1 x 3.F2, was made by
chemical conjugation of the Fab, fragments from the human anti-CD89 antibody 14.1
and the human anti-HER2/neu antibody 3.F2 via disulfide bonds using standard cross-
25  linking procedures (Figure 13).

Example4 Characterization of Human Monoclonal Antibodies and Bispecifics
Against HER2/neu

30 Binding of human anti-HER2/neu antibodies and Bispecifics to tumor cells

Monoclonal antibodies purified from five hybridoma supernatants that showed
significant binding to HER2/neu as detected by ELISA (3.F2, 2.E8, 1.D2, 1.B10 and



Anti bodi es were purified by chrorrat ography on a Protein A-agarose colum

accor di ngyo dpolig¥e manufacturer’'s specifications (Pierce, peanksoones7iL) .

I1Tfl WO 01/09187 PCTI USOQ 20272 -62 Mcrotiter plates were coated with |

nouse anti-HER2/ neu anti body, bl ocked w 6h- 5% BSA, and then incubated with i

the supernatant from overgrown SKBR-3 cells, thus capturing the HER2/neu - i
|
|
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reconbi nant HHE:%a/aﬂ&mmz/ﬁaﬁﬁmdy Byundio!the cel lsaisi dbesered ushigehlyprociwarae hunan
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Inhibition of human tumor cell growth using human anti-HER2/neu antibodies

and Bispecifics
20 The antibodies that showed specific binding to HER2/neu, as demonstrated

‘above, were then tested for the ability to inhibit the growth of human tumor cells
expressing cell surface HER2/neu. Briefly, purified antibodies were incubated with the
tumor cells for 6 days under normal growth conditions, and cell density was measured
by crystal violet staining. As demonstrated in Figures SA amd 5B, treatment with

25 purified anti-HER2/neu antibodies 3.F2, 2.E8, 1.D2, 1.B10 and 3.B4 results in a dose
dependent decrease in cell density of SKBR-3 tumor cells, as compared to a control
human antibody. The F(ab'), fragments of the 3.F2 and 2.E8 anti-HER2/neu.
monoclonal antibodies also inhibit the growth of SKBR-3 tumor cells in a dose
dependent fashion (see Figure 6). Furthermore, as shown in Figure 7A, anti-HER2/neu

30 antibodies 3.F2, 2.E8, 1.D2, 1.B10 and 3.B4 exhibited a dose dependent reduction in
the cell density of BT-474 tumor cells, as compared to a control human antibody.

Figure 7B shows that treatment of BT-474 tumor cells with 10 ug of the anti-HER2/neu
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ability to bind to tunor cells that expre&s-high-levels of HER2/ neu.
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20 culture supernatant was harvested and >'Cr release was measured as described above.

As shown in Figure 8B, the anti-HER2/neu antibodies mediated the dose 'dependent lysis
of HER2/neu overexpressing tumor cells as compared to a control human antibody.
In addition, purified bispecific molecule 14.1 x 3.F2 (Figure 13) was tested for
ADCC killing with polymorphonuclear cells of >'Cr labeled SKBR-3 or BT-474 human
25 tumor cells. After overnight incubation at 37 °C, the amount of tumor cell killing was
determined by analysis of *!Cr released into the culture supernatants. The specific lysis
reported is the amount of tumor cell lysis in the presence of the bispecific molecule —
tumor cell lysis with polymorphonuclear cells alone. As shown in Figure 9, the
bispecific molecule 14.1 x 3.F2 mediated cell killing by PMNs of both SKBR-3 and BT-
30 474 tumor cells expressing HER2/neu in a dose dependent fashion. In addition, as
shown in Figure 10, bispecific molecule 14.1 x 3.F2 mediated cell killing by monocytes
of both SKBR-3 and BT-474 tumor cells expressing HER2/neu in a dose dependent
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Cell Mediated Cytotoxicity of Tumor Cells
20
The following studies involve the production and characterization of bispecific
and trispecific molecules which induce effector cell mediated killing of tumor cells
expressing EGF Receptor (EGF-R) and/or HER2/neu (also referred to as HER2). The
bispecific constructs include an anti-CD89 (anti-FcaR) antibody (ScFv or Fab’) linked
25 to an anti-HER2 antibody (ScFv or Fab’). The trispecific construct included the
bispecific anti-CD89 (ScFv) x anti-HER2 (ScFv) construct, fused to EGF. Therefore,
the constructs activate the effector functions of CD89 expressing cells that have been

targeted to tumor cells.

30 Generation of Fusion Constructs

Figures 12 and 13 show each of the bi- and tri-specific molecules and their

parent human antibodies (HuMabs). Figure 12 shows the single-chain (ScFv) bispecific




30 474 tunor cells expressing HER2/ neu in a dose dependent fashion. In
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30 Ceneration of Fusi Construct
molecules. Figure 14(A) shows binding to tumor cells of fusion proteins in

transfectoma supernatants. Transfected (931 & 934) and untransfected (NSO)
20 supernatant was incubated with either SKBR-3 or A431 tumor cell lines. Binding of

fusion protein was then detected by staining with goat anti-human IgG fab-2 conjugated
to phycoerythrin. As shown in Figure 14(B), supernatants from transfected cells (931
and 934) also mediated cell lysis (ADCC). In these studies, chromium release assays
were done with an incubation period of 16-18 h and an effector (monocytes, PMN) to

25 target (SKBR-3, A431) ration of 100:1. Tumor cell killing was detected using
transfected (931 & 934) and untransfected (NSO) supernatant to mediate specific lysis.

Figure 15(A) shows binding activity of purified bi- and t;i-speciﬁc molecules

(931 and 934) to U937 cells (through the CD89 receptor). The fab-2 fragment of
antibody 425 (anti-EGF-R mAb), which does not bind U937 cells, was used as a

-30 negative control. The anti-CD89 (Fab’) x anti-HER2 (Fab’) chemically coupled
bispecific molecule (shown in Figure 13) was used as a positive control. Figure 15(B) is
the same as Figure 15(A), except that binding to SKBR-3 cells (through the HER2



Figures 12 and 13 show each of the bi- and tri-specific nolecules and their
parent hywapyeags bodi es (HuMabs). Figure 12 shows the si nghusbaodrz(ScFv)
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CD89 receptor). ab-2 friagment
(SKBR-3, A431) ration of 100:1. Tumor cell killing was detected using transfected (931

& 934) and untransfected (NSO) supernatant to mediate specific lysis.

20 Figure 17 and Figure 18 show effector cell-mediated lysis of SKBR-3 cells
(Figure 17(A) and Figure 18(A)) and BT474 cells (Figure 17(B) and Figure 18(B)) by
purified single chain bispecific construct, 931, in the presence of PMNs and monocytes,
respectively. Chromium release assays were done with an incubation period of 16-18 h
and an effector to target ration of 100:1. The fab-2 fragment of anti-CD89 antibody,

25 14.1, was used as a negative control in each experiment.

Overall, the foregoing studies describe the generation of single chain bi- and tri-
specific molecules which target and induce effector cell-mediated killing of tumor cells.
The foregoing studies also demonstrate that these bi- and tri-specific molecules are
capable of binding to CD89, EGF-R and HER2 expressing cells. Importantly, the

30 studies further demonstrate that, in the presence of CD89-expressing immune effector

cells, these bi- and tri-specific molecules mediate killing of EGF-R and HER2 over-

I



anti body 425 (anti-EG-- R mAb), which does not bind U937 cells, was used as
a 30 negwmoamotsantrol. The anti-CD89 (Fab') x anti-HER2 (de@busoo2hemi cal ly
coupl ed bispecific nolecule (shown in Figure 13) was used as a positive
control. Figure 15(B) is the same as Fi gué®-15(A), except that binding to
SKBR-3 cells (through the HER2 WO 01/ 09187 PCT/ US00/ 20272 -67 receptor)
was tested. ekpeesiia celld inagdussidepéndent harkied andihdtleel killidg isimediaRd B§ Bindisg 2
negative contrq& Figure 16 _shows binding of the 934 trispecific Construct
to A431 cel %€ CD8fone eHent was done the same way as shown in Figure
15, except A431 tunor cells which over-express EG--R were used. A fusion
protein consisting of the sFv 5 fragnent of 14.1 fused to EGF was used as a
positive control, and the fab-2 fragnent of anti-CD89 antibody, 14.1, was
used as a negative control. Effector Cell-Mediated Lysis of HER2/ neu and
EGF- R Expressing Tunor Cells Single chain bi- and tri-specific nol ecul es
(931 and 934) also were tested for 10 their ability to nediate cell lysis
(ADCC) of Her2/neu and EGF-R expressing tunor cells in the presence of
effector cells. Chromiumrel ease assays were done with an incubation
period of 16-18 h and an effector (nmonocytes, PWN) to target (SKBR-3, A43
1) ration of 100:1. Tunor cell killing was detected using transfected (931
& 934) and untransfected (NSO . supernatant to nediate specific lysis. As
shown in Figure 15 14(B), supernatants fromtransfected cells (931 and 934)
medi ated cell lysis (ADCC) of nonocytes, PMNs and whole blood. In these
studies, chromumrel ease assays were done with an incubation period of
16-18 h and an effector (nmonocytes, PMN) to target (SKBR-3, A431) ration
of 100:1. Tunor cell killing was detected using transfected (931 & 934)
and untransfected (NSO supernatant to nediate specific lysis. 20 Figure 17
and Figure 18 show effector cell-nediated lysis of SKBR-3 cells (Figure
17(A) and Figure 18(A)) and BT474 cells (Figure 17(B) and Figure 18(B)) by
purified single chain bispecific construct, 931, in the presence of PM\s
and nonocytes, respectively. Chromi umrel ease assays were done with an

i ncubation period of 16-18 h and an effector to target ration of 100: 1.
The fab-2 fragnment of anti-CD89 antibody, 25 14.1, was used as a negative

control in each experinment. Overall, the foregoing studies describe the
generation of single chain bi- and tri- specific nolecul es which target and
i.nduce effector cell-nediated killing of tunor cells. The foregoing

studi es al so denonstrate that these bi- and tri-specific nolecules are
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b) the ability to opsonize a cell expressing HER2/neu; c) the ability to.

i nhibit fPydd#r to nediate cytolysis of a cell expressipggrusdbRiyineu in

t he presence o# human effector cells at a concentration of about 10 g/m

10 or less in vitro; or d) the ability tgibe internalized by HER2/ neu
expressing cells after binding to HER2/neu. 2. The isol ated human anti body
of claim1, W antigen binding portion .thereof, 15 having an isotype
sel ected freﬁéﬂﬁ'—’group consisting of 1gd, 1g&, 1gG3, 1g&, IgM |gA,

| gA2, I gAsec, I1gD, and IgE. 3. The isolated human anti body of claim1l, or .

an antigen binding .pqrtion thereof, which is an 1gG 1.x.. 20 4. Th

i sol at lag hurlalan gﬁg‘ilggﬂfﬁh F-‘?‘EP&T%‘P&@@@Q&‘QMT e eﬂi’?%n%?rpf’%ﬁleﬁ?& eof ,

wherein t e yGellecfithllfbiiids t HERD/ A1 whéreih thel Bibodg ok anffgen Bimding priogd human
c

anti body of I'm 4, or an antigen binding portion thereof, 25 wherein the
cel | expises thengpf HERMenaunors of ghedotlewing abaractesistigsoup consi sting of an

adenocarci noma cell.. e.q. .salivar ' -1a mamary
gland carci nonaai%"'lnfamg ﬁfﬁwb' %W@ﬂ%ﬂgg%%@%gggﬁga%g%%ﬁquw tarci nonma
cell, and an OVab}QlﬁbaHiﬁ(?%b Sclize a ol sxpiPasing HERD/Maen Replaced | "1
Lrrrit " 1111111 IN ~112231330iitll~* C L. MS 1 TLITILL WO 01/09187
PCT/ USOQY 20272  c)rthe @bilithito inbiblit-arevthonie medint eekysisof acel gxpressiig an

anti gen bi ndgj orti,on ther ' ' ' es a
ool T obt ar ARG mraReE Bl AER LYk BUBEYERE o6 100G
conprisiygg r RYSBVidety chain transgene and a human light chain transgene
fused to an imortalized cell. 5 7, The_isglated hunman tibo of claima1l,
or an antigen bi dithegbility ta bmintesnalized by }ﬁmpws‘&gﬁgﬁ?%%dé‘@ Qct ed
fromthe gr xi?qlsi sting of 3.F2, 2.E8, | .D2, 1.B 10 and 3.B4, deposited
with ATCC(rW ctession Nunber 10 8. An isol ated human nonocl onal

anti body, or antigen binding portion thereof,

2. The isolated human antibody of claim 1, or an antigen binding portion thereof,
15 having an isotype selected from the group consisting of IgG1, IgG2, IgG3, 1gG4, IgM,
IgAl, IgA2, IgAsec, IgD, and IgE.

3. The isolated human antibody of claim 1, or an antigen binding portion thereof,
which is an IgGlx.

20
4. - The isolated human antibody of claim 1, or an antigen binding portion thereof,

wherein the cell expressing HER2/neu is a tumor cell.

5. The isolated hﬁman antibody of claim 4, or an antigen binding portion thereof,
25 wherein the cell expressing HER2/neu is selected from the group consisting of an
adenocarcinoma cell, e.g. salivary gland, stomach and kidney, a mammary gland

carcinoma cell, a lung carcinoma cell, a squamous cell carcinoma cell, and an ovarian

cancer cell.
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whi ch nedi ates cytolysis of cells expressing HER2/ neu in the presence of
human eff@oi/omsrel ls. 9. The isol ated human anti body of PBCEUSNEG202TX an
antigen binding portion thereof, 15 which is capable of nediating cytolysis
of cells expressing HER2/ neu by human ef-f/ctor cells at an I C50 of 1 x
10-7 Mor less in vitro. 10. An isolated human nonocl onal anti body, or

anti gen- bi ngi ng MetiicMited haman hutibodkiof blair 1| b aagigenbindiig petibs tRxgufessi ng
HER2/ neu. 20 11. The isol ated human anti body_.of ¢l-aim 10, or an antigen

bi ndi ng por Presuced by adybrideing whichdneludesia B cgl Obﬁmeaiff%g tgpsgenlc nop-humang
expressing ‘s “gﬂg-n : ' | umah A
hybri doma c(5|§'Erri1:§r%|121?l ﬁig@tg %ﬂ%@}é&gg@rgl ﬁ)eéé‘ ro%egq'}fé%@gglr‘ﬁggnyn%ﬁrg%mn lzJ;%lnmal
havi ng a gerhain transgene fused taah immorthlizedycelhai n transgene and a |ight chain
transgene. fused to an immortalized cell, wherein the hybridoma pr.oduces a
detect abl® anount of a human nonocl onal anti body that specifically binds
to HER2/ neu.s Thi : I a3 Ibkndi o |
T e T TS Rheel BB ARSSRR ot Efitn 1, bt &d aa eh.b%’f‘ﬁ%“ﬂﬁhﬁmﬁfi°§ec_i fic
mol ecul e of prodiced by 2 hyhiidémbselcated ffomithe Ewupeonsisting oft3.E2,2.E% 1.DAiI1IcB10 s

di stinct from i ,mmunogl Qbul i | nding site of the receptor. 20. The
bi speci fic ﬁﬁflétﬁ“’@e@?s‘@aé{‘f‘ﬁﬁétecﬁﬁé?‘%ssﬂ%ﬁm%d—m—ndi ng specificity 5
whi ch binds to an Fc receptor is a human nonocl onal antibody or an antigen

binding portion thereof. 21. The bi iﬁec_i fic nolecule of c¢laim17 which is
a singl el&hd.n orArFisblated lyinaan menaeslanahantibodg2or antigen-bindinggiortion theteeul e

conprising af.i,rst bindi S | £ cit i Ls a.hyman _nonagl onal
oot body  orhith et YRRAYPS s Srnksl ER o el i Moo R ARERG 11 s 10
HER2/ neu, a effeewpdelly. ndi ng specificity for an Fc receptor, and a third

bi nding specificity for a tunor antigen other than HER2/ neu. 15 23. The
mul tispecific nolecule of claim?22, wherein the third binding specificity

s 9. The isolated human antibody of claim 8, or an antigen binding portion thereof,

15  which is capable of mediating cytolysis of cells expressing HER2/neu by human effector

cells at an IC5( of 1 x 10-7 M or less in vitro.

10.  Anisolated human monoclonal antibody, or antigen-binding portion thereof,
which inhibits growth of cells expressing HER2/neu.

20
11.  The isolated human antibody of claim 10, or an antigen binding portion thereof,
which is capable of inhibiting growth of cells expressing HER2/neu at an IC5¢ of 1 x

10-7 M or less in vitro.

25 12. 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 a

human monoclonal antibody that specifically binds to HER2/neu.

—_—
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EGF. 24. A conposition conprising an isolated human nonocl onal anti body or

anti gen- w@ opodygy ng portion thereof of claim1, and a phapepgSidesnl | Y
acceptable carrier. 25. A conposition conprising a conmbination of two or

nmore isolated human anti bodi es or antiges-bi nding portions thereof
according to claim1, wherein each of said antibodies or antigen-binding

portions thgkreof -k . LSiL et L a1 hod-
of inhibiti ﬁg’ gr gﬂe%Pa%}nggﬁla@(E?’e%@%%% neu,ggé:ég%%g F"éﬁ?bg’gﬁca%ﬁ*t’%g i ng
a cell expr asoré ofjthdfblléwimg chafabteristidssol at ed human nonocl onal anti body, or

an antigen binding portion.thereof, t eci fically bi tq HER2/ neu,
such that the g@g@ﬁwdttﬂgé}ﬁ@“ﬁéﬂm&(Eﬂ%@@ﬁﬁ“ﬂﬁ@%&bﬁ’@qumgited. 30 This
Sheet Has Been Replegpilily thlopididd 4 £dil & YEIN adkll IN 11111111111 WO
011 0010y Pors Usory ARE Sty thbbldride 4 tell oxldstihl HIERY NG cytolysis of a cell

expressi iy HER2/ ek the abilitp te inhihit growth erctoimegliate cytolysisxofiacel ienpressii?/ neu wi t h
an isol ated n _nonpcl onal apti bod r an-antigen bjndin rtign

Cher eof - ¢ R Be PiBEpRgense REbuh Fiteckn el of foamenprtion e abol g ughml
effector celo}lesshthirbhét cytolysis of the cell expressing HER2/ neu occurs.
5 28. A nethod of treating or preventing a di sease characterized by
aberrant expr esd) the abilityERb¢ interpalized by IHERZmewenpnéssingreelisjaftar bindingfoect an
i sol ated hu nonocl onal anti body, or an antigen binding portion thereof,
t hat specifi %%inds to HER2/neu in an amount effective to treat or

prevent fghe HER2/ neu- nedi at ed di sease. 10 29. The net hod of clai m 28,
wherei n the human_nonocl onal anti body is conjugated to a bindin

: »: g
speci ficitylfor dhehybrdama ef claigpl3, splectad frethe groupgonsisting of 3 F2i AE8he
human nonocl I i h S ' e 0 xihn. 31. The et hod
of claim 28 ,l ﬁ%blr'g :ﬂr)\’ a?ﬁ?{%ii"sdgég%ea gﬁg' ‘g'gcﬁ‘ée%r ‘1.‘8 é%eg%'g%bﬁﬁd—of—el aim 31,
wherein the cancer is selected"fromthe group
15. A transgenic non-human animal which expresses a human monoclonal antibody
15 that specifically binds to HER2/neu, wherein the transgenic non-human animal hasa

genome comprising a human heavy chain transgene and a human light chain transgene.

16. A method of producing a human monoclonal antibody that specifically binds to
HER2/neu, comprising:

20 immunizing a'transgenic non-human animal having a genome comprising a
human heavy chain transgene and a human light chain transgene with HER2/neu or a
cell expressing HER2/neu, such that antibodies are produced by B cells of the animal; -

isolating B cells of the animal; and
fusing the B cells with myeloma cells to form immortal, hybridoma cells that

25 secrete human monoclonal antibodies specific for HER2/neu. -

17. A bispecific molecule comprising a first binding specificity which is a human
monoclonal antibody, or an antigen binding portion thereof, that specifically binds to
HER2/neu, and a second binding specificity for an Fc receptor.

30

18.  The bispecific molecule of claim 17, wherein the Fc receptor is a human FcyRI -

or a human Fca receptor.
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20 consisting of an adenocarci noma, e.g. salivary gland, stonmach and

ki dney, Rpo9Bé9ds7 9l and carcinonma, |ung carci noma, SquanpouBCTESb0/WATXI nonma,
and ovarian cancer. 33. A nethod for detecting the presence of HER2/ neu
antigen, or a cell expressing HER2/neu,-Mn a sanple conprising: 25
contacting the sanple, and a control sanple, with a human nonocl onal

anti body, qp, an PRLIGRGR isedde HOC1AIP 17, MIRERBind¥ Y B FeResptdrafh kite bi nds
to HER2/ neu, under conditi.ons that allow for fornmation of a conpl ex

bet ween t he which isalistingt frpmrthe immuneglobilin bindingEt®phtbe recgp@rdet ect i ng t he
formation of a conplex, 30 wherein a difference conplex formation between
the sanple conpared to the control sanple is indicative the presence of

HER2/ neu i n Zphe SEHEYigecifibintol&dideds ¢aim Bravhdréin ticsedond binting|spedifitity ' | 11|
L 0 e et * CLMS T TEE i) 1l HM - WD 01/.09187

PCT/ USOQ/20 hich bipds tvan Horegspiords aihymanpdnenoclanghgtibedy, gr an antigen hinding
sequence en(i)%m&gthgrexpri able and constant region of the heavy and |i ght
chai ns of a“human nonocl onal antibody, or an antigen binding portion
thereof, that specifically binds to HER2/ neu, wherein the antibody or

anti gen bi ndj ng rti.on thereof has one or more of the follow,ng.5
charact eri stales: bASPSF‘ﬁGi"PFge%’rﬂ? Pﬁ‘?‘?‘}“ &gﬁ‘g‘f ?atsﬂ‘ghi‘%*‘h‘é‘if% ?'g’t‘o‘} east
about 107 Mpl-éteinb) the ability to opsonize a cell expressing HER2/ neu; c)

the abilityto inhibit growth or to nmediate cytolysis of a cell expressing
HER2/ neul® n t he presence of human effector cells at a concentration of

about 10 g/ 10, or . lLess.in vitro; or.d) the ability t.a be internglized by
CERD) neu ox pPessi RS alicule snrbhrisite b By Ridita shebiBiony phigs d iR
vector of cliénBchshal MBOAY, orlah anfigén biRdng Portih théred) eint Bpetifically blfdsper ti on
t hereof, is produced by a hybridonma_selected fromthe gro.ughponm sting of

3.F2, 2. EsHERZpeu,n secorg hinding speeificiyfor an Ee regepter, andethiyd hinding essi on

Nurber specificity for a tumor antigen other than HER2/neu.

15
23.  The multispecific molecule of claim 22, wherein the third binding specificity is
EGF.

24. A composition comprising an isolated human monoclonal antibody or antigen-

20 binding portion thereof of claim 1, and a pharmaceutically acceptable carrier.

25. A composition comprising a combination of two or more isolated human
antibodies or antigen-binding portions thereof according to claim 1, wherein each of said
antibodies or antigen-binding portions thereof binds to a distinct epitope of HER2/neu.
25
26. A method of inhibiting growth of a cell expressing HER2/neu, comprising
contacting a cell expressing HER2/neu with an isolated human monoclonal antibody, or
an antigen binding portion thereof, that specifically binds to HER2/neu, such that the
growth of the cell expressing HER2/neu is inhibited.
30
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27. A method of inducing cytolysis of a cell expressing HER2/neu, comprising
contacting a cell expressing HER2/neu with an isolated human monoclonal antibody, or
an antigen binding po;ftion thereof, that specifically binds to HER2/neu, in the presence

of an effector cell, such that cytolysis of the cell expressing HER2/neu occurs.

28. A method of treating or preventing a disease characterized by aberrant

expression of HER2/neu, comprising administering to a subject an isolated human
monoclonal antibody, or an antigen binding portion thereof, that specifically binds to

HER2/neu in an amount effective to treat or prevent the HER2/neu-mediated disease.

29.  The method of claim 28, wherein the human monoclonal antibody is conjugated

to a binding specificity for a Fc receptor.

30. The method of claim 28, wherein the human monoclonal antibody is conjugated

to a cytotoxin.
31. The method of claim 28, wherein the disease is a cancer.

32.  The method of claim 31, wherein the cancer is selected from the group
consisting of an adenocarcinoma, e.g. salivary gland, stomach and kidney, mammary

gland carcinoma, lung carcinoma, squamous cell carcinoma, and ovarian cancer.

33. A method for detecting the presence of HER2/neu antigen, or a cell expressing
HER2/neu, in a sample comprising: '

contacting the sample, and a control sample, with a human monoclonal antibody,
or an antigen binding portion thereof which specifically binds to HER2/neu, under
conditions that allow for formation of a complex between the antibody or portion thereof
and HER2/neu; and

detecting the formation of a complex,

wherein a difference complex formation between the sample compared to the

control sample is indicative the presence of HER2/neu in the sample.
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34.  An expression vector comprising a nucleotide sequence encoding a variable and
constant region of the hiéavy and light chains of a huniarn monoclonal antibody, or an
antigen binding portion thereof, that specifically binds to HER2/neu, wherein the
antibody or antigen binding portion thereof has one or more of the following
characteristics:

a) a binding affinity constant to HER2/neu of at least about 107 M-1;

b) the ability to opsonize a cell expressing HER2/neu;

c) the ability to inhibit growth or to mediate cytolysis of a cell expressing
HER2/neu in the presence of human effector cells at a concentration of about 10 pg/ml
or less in vitro; or

d) the ability to be internalized by HER2/neu expressing cells after binding to
HER2/neu.

35.  An expression vector of claim 34, wherein the antibody or an antigen binding
portion thereof, is produced by a hybridoma selected from the group consisting of 3.F2,
2.E8, 1.D2, 1.B10 and 3.B4, deposited with ATCC® as Accession Number
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