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HER2/ NEU Background of the Invention Gowh factors and their cognatea R 2004
recept or late cell proliferation and 5 differentjiation, and

alterati 3%@819'#’8& ow h factor receptor structure, functf%ﬁ”%’%oz%xpr essi on
have been inplicated in the cellular t[?[lsf ormati on and oncogenesi s.

Several known proto-oncogenes encode a growh factor or a growh factor
receptor, such as c-gSij i e | i ?&61% wth factor

(PDGF) B chain and ﬁgm(ﬁlgﬁﬁmé&ﬂh@ e ﬂﬁih’é h factor (EGF)
receptor. The neu oncogene, also known as 10 ERBB2 or HER-2, is inplicated
in the malignancy of several hunman adenocarci nomas, especially tunors of

t he breast ®Badkgreand of (ht Indntipd 85HER- 2 ( HER2/ neu), the protein product of
the c-erbB-2 gen is.a tran nbrane protein rosi ne. ki nase . receptor
which is honol og%‘ﬂ‘élﬁtf?)“?rﬁ%“dé ”r°§8@[f)f%ﬁ’t°'éﬁe§”f%e ?ﬁ&f@ﬁ%‘"ﬁ‘ﬂ% Bflay are role
in the reguldgtdraniiandn, akilteraion¥h Rrevinl fdidr rRepot dnatmRNfunSfnreingl nodel s
suggest that the oncogenic formof 15 P185HER2 has a transnepbrane nutation
wi th i ncr eaS¥RICHISPIPYYLech maplirate muthe Adlular feesformatioeand gacgenssisadeysdlr eased
tyrosine ki Rasen potd-dcbyenef éhcode a gbwilaRA6MNGY grdwf ran dcdabe stdhekarRuti C
target for the treatnment of hunman cancer, especially breast cancer. (6)

Ant i bodi es t¥high cBEesies platelatderived gevah fagion (RREIDE chancaagcwrbB dhisht i on have
potential USEJdbs thBUBGHRPEB N f2@Sr (MRIF) rekSpibe Th Ge.lbRONARS] AscAIwREOINOSI S
20 of human t uror s%nqcl_ nal g_ntri od?{as&%o HERZ” have&%e’ensodevgﬁoped and
denonst r Ht e EREB2rraHERR, iarmplicated in thé malignangychfiseverah hinbint adewerarcinosias. gr owt h
in culture <N i ;E?l , FoRa i t ransf or ned
cells, cell ¢ ur" g%tél%é%ﬂelé;@?%lﬁgﬂgf p 8@" 2ﬁ)liss reéw re%g}’(t)}#erhrﬁlgﬁrmi nt enance
of the trangfaneed theheerbBy2mene, aswiransmembrage protes tiesine Winkds regepior ph8bneu

anti bodi es leads to t i phkbition_of. tunmor, . gr.owm h in. nm.ce i nnecul at ed
W meutr i RS Ry® et EOF RecppRE Rl P RY b b s o aedoBgE

recept or ( Ee3ll prosit andedifférderdiatiore Sqversi mbdeds dopgeanthinnixastcogaincfermofl |s with a

conbi nat j.on wefanoxi fen and HER2/.neu.anti body S, ephanced,conpared to
ei t her absgntplgﬁf ong'.asfgjmsﬂ?@(wa&leﬁg@'?" tﬁ “?'féeé’ae%e%?\fl@f%o BEIEAL opi ng
i nproved st rméraglize sasfvesll ds dncgeabédtgrosinEERAAseauianyd(3f r5)pr ovi di ng safer, |ess

toxic al ternativgaplo the cupnent therapy for 39, fummn cancer, 2 8 APR

D
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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 and
demonstrated to have an antiturnor effect and to inhibit tumor cell growth in culture and
in animal models. (2, 7, 8) For example, in neu transformed cells, cell surface

Sneu

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) Moreover, the treatment of estrogen
receptor (ER) positive, HER2/neu positive human breast cancer cells with 2 combination
of tamoxifen and HER2/neu antibody was enhanced compared to either agent alone. (3)
Accordingly, the need exists for developing improved strategies for targeting
HER2/neu and for providing safer, less toxic alternatives to the current therapy for

30 human cancer.



The clainmed invention is based on Applicant's successful production of
fully human anti-HER2/ neu nonocl onal anti bodi es havi ng a uni que

conbi nati on of functional and/or structural properties. In cont r adtt 4&8 10fhe
murine and humani zed nonocl onal anti bodi es agai nst HER2/ neu produced
previously in the prior art (e.g., those described in WO A-970027 1,

WO A- 9404679, WO A- 9802463, Cancer | nfinol | munother., (1997) 45: 2| 0- 215,
J. din. Oncology, (1996) 14:607-614, and Exp. Opin. Invest. Drugs, (1998)
7:607-614), the presently clainmed human nonocl onal anti bodi es conprise only
human sequencm n sel ect ed egb gl ment t he human anti bodi es bind to
HER2/ neu (T 2APFT IV VIRSERALC f‘caé'fsé‘ﬂch% progysuign of fullynj pj ¢
growth Ofhufsfahd 1901 RSBl ATl el ARt - SHUR!doRfiRRbh of finliord) Ndi ng.
sequences. 2 8 APR 2004 WO 01/ 09187 PCT/ US 72 2 Summa of the | nvention
The pr esemt/or mvmmramromm desontsst lattbﬁmhunmandrimmolzedlaionadbmdbodi es whi ch
speci fical

cont ai ni rf’é’l %?Pbes E}ga'gSt %gﬁ%)_{ﬁ'é«? i9 HCCSfPf%Vdgﬂ?%’dhﬁ'?ﬂiQf\fngég (gt nﬁwgg ﬁ%lf"}[ln i

embodi menie). A 141801 M0-ANY4(36HY, WDSR-9882463C0a%RE Ikl dmbYmbthidi ng to the
HER2/ neu receptor with high affinity, and by inhibiting the growth and/or

medi at i nd 1 8EDH5EIIP121 Ay ﬁlnc@n¢@0mﬁt98§)sl4l*@7l-(ﬂﬂ2¢nﬂe€wp( Opinyilvey. Arugsi n - vi vo)

in the pr f |1s. Acco man _nonocl ona
ant | bodt 425 7563 AH T brEae S Bl i BBl koot o RBE T e agent s
in vivo aiwchahBequéhéesOln %ckﬁ@nﬁ(ﬂdnm& fﬁlﬂiahlaﬁﬁﬂbcﬁﬁesctf nd AHERYEAL | on
enconpass varlous anti body isotypes, . sych as Ig g&x, 19g&3, 1gHA, 1gM

| gAl, | gAvith 9 ph8aity cangtant Ged of gHcastQyi Mz inlpibit 8fch’é§1 of H@Maéxnrgv@;ng(e g., 1gG
| k) and @ﬂ& ull-length (e.g., an 1gd@ or
| g4 ant i%%?agé%?gﬁol EHFE Onﬁ-g:hrgc;ﬁ]n 1|ug'§nJ bi ndi ng portion (e.g., a

Fab, F(ab')2, Fv or a single chain Fv fragnent) I n one enbodi nent, the
human 15 anti bodi es are reconbi nant human anti bodi es. | n anot her

enbodi ment, the human antibodi es are produced by a hybri doma which
includes a B cell obtained froma transgenic non-human animal, e.g., a
transgeni ¢ nouse, having a genone conprising a hunman heavy chain transgene
and a human |ight chain transgene fused to an immortalized cell. In
particul ar enbodi nents, the antibodi es are produced by 20 hybri domas
referred to herein as 3.F2, 1.D2, 2.E8, 1.B10 and 3.B4



I n anot her enbodi nent, human anti - HER2/ neu anti bodi es of the present

I nvention can be characterized by one or nore of the follow ng propﬁrg%?m
a) specif*v?)iotx for the HER2/ neu receptor; b) a binding affinity to é heu
wth an a |rh‘t"§7 constant of at |east about 107 25 M lpcighggap! y about
109 M1, and nore preferably, about 1010 M1 to 101 1 M | or higher; c)
an associ ation constant (Kassoc) with HER2/ neu of at |east about 103, nore

preferably ﬁout 10ﬁ and nost preferably about 105 M S"'; d) a dissociation
constant (K m t of about 10-3 s-1, preferably 30 about 10-4
s-1, nore prefer gk YresehPinderSiohnr Nl . MOSt nreferably, 10-6 s-1; e) the
ability to opsoirili zle¥?iasce1nl e@)?% é";“’é‘fdeﬁgwnf?_é‘ﬁ%%;mozwogompmm@_m'cey 09187
PCT/ USQQl 202px10e3ly pingtetha biR2Ameu treveptohiab ikl 25 it bsRBH %rmaﬂﬁé?g e
e.g.,catufor cell)

phagocyt osi $oRABRafidd ld of., cel | expressi ng HER2/ neu
in the presence Séﬂ Auﬂr?géri' aé’E"f’%dg‘Tsoﬁn EL A emfodmentsy thedwmaa kindrndphisaout 10

g/ m or 1%sshyrecterized by biniling @) the NERDneheedB} it ¥: e internal.jzed by
HER2/ neu exme;%g‘%m%{] || s,.after bindin teg[}a 5 tLHéﬁ%%#gndt.y’ @?%%ﬁ@@"a& t unmor
cells which C & PLPyRedighngrell kli Npenprdssidg HERAnet 1@ vicka gy | on

i ncl ude, butiva)ie theqiresehd® of BEmhPe @ Ehr 28] LN ell, e.g. salivary
gland, stogach.and Ei dney, a mamrarry g%@&#&%ﬁwwgmon%‘aﬂ# ung

car ci noma c8F°09Es OLYGMYETHOP can be wad o3 dagrmstieod therspeatienealéan bidp amBRCEr

cell. 10 Inviee enbodi nent, isolated human anti bodi es of the invention bind
to the ._HER2/ neu antigen with an affinity constant of at |east about 107
M1, préferably 9aisd humognibadiesnfitee iprerion aﬁﬂompas%bﬂﬂbusjagﬁbwy]isotﬁﬁg or €

preferably akput 1¢H11f) 201,631 r,.str er, and are capable
i nhi biting grow i+ and of gn%&i]l]gadt\é; %M’pﬁézaggg%ﬁé“a@’ apq gk dgpstllixel | s

expressi ng PERICHEEIE) (rgmigG 1) imtlgM isogpéss mﬂﬁﬂﬁbodl&@'chQh%&h%ﬁ ear 15
abo

cell's (PMNSQ Oranh ¥ crophages, with an | C50 of l x 10-7 M
or less, or %tma@%nrcgqgﬁfb ?’8 061‘:“55’8 e pnly agygptigendindingportion (vigt, k0. | n

certain enbiadi iehis Fvar a sivglachamFi flaRaf aH ofd bhRem i {;@mimnvent ion is
yS

charact ggi zgg I.nhi bl ti.n rowth —and/qr mediating cyto I's and killing
of cells expr ggﬁfgnagpﬁ%ylﬁagﬁg'é?mh%@ﬂ@%tlﬁ&fl?tbﬁ emppdiztenytheSui@y/ n

pref er abl y aabbedieslarGprgdurtd bps hyidemavafi@r idldesAPU) o%ta?ﬁe%%o% a in 20 vitro.
transgenic non-human animal, €.g., a transgenic mouse, having a genome comprising a
human heavy chain transgene and 2 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 M- preferably about 109 M-1, and more preferably, about 1010 M-110 1911 M- o
higher;

€) an association constant (Kassoc) with HER2/neu of at least about 10° , more
preferably about 10* and most preferably about 10° m's
d) a dissociation constant (K;;) from HER2/neu of about 10-3 571, preferably
30  about 104 51 more preferably, 105 s-!1, and most preferably, 10-6 s-1;

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




I n anot her aspect, the invention provides nucleic acid nol ecul es encodi ng
the antibodies, or antigen-binding portions, of the invention. 78 APR 2004
Accordi ngly, reconbi nant expression vectors which include the
antibodfggﬂyﬁﬁﬁhg nucl ei ¢ acids of the invention, andPdTg&e09er? s
transfected with such vectors, are al sQ enconpassed by the invention, as 25
are nethods of making the anti bodies of "t he invention by culturing these

host cells. In yet another aspect, the invention provides isolated B-cells
from a transgenbdhe {yHy reihivitgrewhland/ar gediatg phecoayguning lnbiog ef celthi ch ar e

capabl e of eﬁﬁ?@gsﬁﬁ;ﬁim;’r‘{ég:ir(gg‘??rt}urﬁ&%lﬁ')"lﬁ?llleg;gf:#nm If?xﬁga{x gﬁﬁﬁ%g%@rat LgM  of

human nonocl onal "anti bo at speci y neu.

Pr ef er abl y cotdsrtritwolofitimadt B) mg/inl or lassqe ghtiraiinel of rom a transgeni ¢ non 30
hunman ani mal , e, a,.trapsgeni C. S i ch has. been i_.munized with a
purified or engﬂgﬁétahgrtgg%&éetr?%ﬁ%% ﬁi@%ﬁ‘éﬁ""éﬁﬂ"ééﬂﬁéﬁ‘a‘i Ypdigg1q s

expr essing HRR/MHER2/ neu receptor. Preferably, the transgeni c non-human
animal, e.g., a_transgenic nouse, has a 2 8 APR 2004 WO 01/09187

PCTI US00120272 Examplergthiunes cels whih cap beaigates by ihe human antibodissofthe and a

human | i ghtnvehdd Ieq | = a L rtalized to
ghin medrnn@m&r,lsmnﬁmé%\%d tos.QJé ?&e%ﬁc#aﬁ&hé &iff F.g.nggl?@g%%%

provide a source (e.g., a oma) of uman nonoc dies to
HER2/ neu. A@E’@Flﬁi‘fﬁ’d‘ll&eﬁmafpmé@@hndicﬁvémﬂamq“aP bgsersinogieselh ahybr i donma

capabl e of Sélag{ogg&qli&gﬁggﬁ%’%g%l&ﬁ%g&%; pgdi es that specifically bind

to HER2/ neu. In one ) t he ridoma i ncludes a B cell obtained
from a % ansgeninconombhdiment, isalateddumae agtibodias vf the styemtion birglusehe havi ng a

genone COoNpfdnS : chaj ransgene 8 hupan light chain

r ansgene T2l gk T o &Mty 4R ok KIRSPRBF AT, BHRERAARE, an nm

can be i mmuf¥ Mel mrt hreferghiy, iabowe d 09 M-&anid eveel prafeesidy stiouoro 190 pfl IHER2/ neu

antigen and/qr cells, expressi he HER2/ neuy receptor to generate

ant i body- produe ‘Hg“ﬁy%??aagbﬁ%gmbgf‘v’ﬁéﬁ?‘ﬁaﬂ B?ng P&?ﬁ%ﬁ‘@“?ﬁ{fgmi on

i ncl ude 3. ERling df.cEl}s expres8ng HERLBewbmindieffebor yaks, & OpdMaforBs@@ckar t he
nsgeni.c non- human ani_nal such as.a transgenic

i nel uds _ ,
e B R R LG T B TG OPRABR B mdfeee: AE AR L% LR M cosg o
ronocl onal opticBesidk/i#kbssReS L3t ik hluish 19 R LASMmbAs @ P Ui cul ar

embodi ment, the transgenic non-numan aninal is a transgenic nouse having a
genome conpinan - AERHnerantihedngf teehiavention inpbgeanterizaddbydnhibitiapgiomght chai n

L ESET, s ARSI WA L AT P T A
expr essi ngof #houHERDY gl prefradily about Piefgénlabt moretpneferablanbge Misel pgonl in
20 wvirro,

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, €.g., a transgenic mouse, which are capable of expressing various
isotypes (e.g., IgG, I1gA 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



20 human animal, e.g., the transgenic nouse, is capable of producing

mul tiple isotypes of human nonocl onal antibodies to the HER2/ neu f&d€ption
(e.qg., | and/or 1gM by undergoing V-D-J reconpination _and isotype
SW t chi n‘ggof’ég@’ype switching may occur by, e.g., cl agés)(%%m%”rm

non-cl assi cal isotype switching. In an_cht_her aspect, the present invention
provi des nmethods for produci ng human 25 nonocl onal anti bodi es which

specifically react with I—%FPZI eu. lLn one enbodcf' nt, .tEe Jret hod i ncl udes
rmruni 2i ng SPUPESUEITE 3BTRAGEY IR AERsEeRe gid a Nimap Igchain SR8, havi ng
a genone cqmansiosdmgBaemmmeheaWnammﬁrbaawm&eqag.,ah {¥Bma) 4fght chain

transgene, with a péri fied or enriched preparation of HER2/ neu anti gen
and/ or cel Iamaponaciepa] gnihediesgBER &0 eceptor. B cells (e.g., splenic B
cells) of the amjcemlily HeprletGnRRticd 16 pBRteS H58HcNNE BpiBieboe cells to
formimortal, .h;bri :Jl%rr)g cgﬁgg t?\at‘ sec%cej]%e ?\Su&r"rgﬁ rmnocPona%) anti bodi es
agai nst HERdeng hpmgn sprociopl amipodies hetgzcifisalpamdusBBR2027.2In ael at ed
anti - HER2/ : i i i I anti gen
Bi i ng portoaienl SEXARALRRIne BRke 19 CUE S hed i BRI Rony ot

functi onal anmmil.ecgil ®trarsgenic mawset ke mgpaehorde canprisingtadiumag beayy cham Fab'

fragnment or__ScFv_ aniibody,,. a. tunor Ligand).. For ex an anti body or
anti gen- bi N4t e"%%?c{? olhm%]fthLCehaf"n‘{/aé'ﬁgelnﬁﬁ"sg‘gﬁ) ’E‘E’OFﬁ%??%LjPFy | i nked
(e.g., by ahespesialnoaduplah agmabendkiimmubizgedwith B paiindalr efichedprepathtidni ON Or

ot herw se) or _nore her. nol ecul ar eptities, such as another

anti bod@je( é’%gx.E%B&eBiaEB%eé‘iaf' gr ‘Eﬁ“sﬁxlﬁfﬁsi"ﬁzlﬂ%% '-%E‘Hﬁ??%&we.“e‘ﬂ@cor dingly, in
anot her aspa6ody-pgrb@ucRigdybidonhd3V @Rl QIR fyRAUbh&Sof helhePB6d thtiedO3 F2,

mul tispecific nolecule conprising at |least one first binding specificity
for HER2/ ndlPhrd 8 1880 3hi4ndi ng specificity an Fc 10 receptor, e.g.,

human FcyRl ( CDGflyetQhofer HIpaRi) tf&ﬂvé’nﬁﬁ@?&@fdé £8R)enid fonHifan GRRAAT MENt,
these bi- and nmultispecific nolecules further include a tunor |igand, such

as EGF. AccBiersidrapseqnif mouspedsorriermablodiemings GluMayd), whish sxnress hamso i ncl ude
trispecid i GuonokiBhdiaRRE&idsitKat @ﬁué;ffesmeﬁnm HERPAGL. f1hG pm}:@&qn%dm&ém,a

particular enbodi nent, bispecific and nultispecific nolecules of the 15

i nvention demirnsgnigron-kuman agmeal uateansgenic showy havine 4 geagme pemprisengedf (e. g.
an Fab, Fak, ELAR chdin ard o [ - rispecific
mol ecul es can I ncﬁq{%dae] nr‘rﬁﬁgiﬂg{ e ﬁ‘urtrla&%J1 gﬁﬁ%&@;}g}p{)%re ??gﬁg ,tlggsﬁeﬁgg%érent S

t her eof (e.hyman amnfhban Fedammunized bith 2 pulified orenriched preghmtigiediHERRA)eu and/ or

can also i ’%SL&‘E%&%P L&Ercixﬁr"essﬂ{g the ﬁﬁﬂ%&l Fe%ggtora rpréft?rggl}j/, the transgenic non-

20 hurman animal, e.g., the transgenic mouse, is capable of producing multiple isotypes of

k]

human monoclonal antibodies to the HER2/neu receptor (e.g., IgG, 1gA and/or igM) by
undergoing V-D-J recombination and isotype switching. lsotype 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.



portions or fragnents (e.g., a "humanized" antibody that has a variable
region, or at |east 20 a conplementarity deternining region (CDR) .7 $IAPR 268¢l
froma non-human antibody (e.g., nurine) with the r I Nofigh2PRr tion(s)

bei ng hw@H/®W¥7origin). In general, bi- and nultispecific nolecules of the
invention include at |east one anti bogdy or fragment thereof that binds to
an Fc receptor, such as a human 1gG receptor, i.e., an Fc-gama receptor

FcyR h as FcyR (CDB4), FcyRI|(CD32), o 6P16
humin FoaR ( Coosplaepre Sbigypesvat appstodt e BRIl 8PE0): I 2, o

receptor a f“q ré:g@,ﬁ,d; GRRIRS tHetdd8 Dhn b dedivktizad dr firdg&io aothepiuaftingled  tri gger

receptors use | the i nvention because_th ar primarily
on' i munenokciilect. gr ansgher peptide §r Pfo‘ﬁﬁ’r{ééyf”ég ab ?ﬁé%%%’ ﬁ'g%og (gr(r?tjd

dendritic cel I S bodV Ghlnt ){.Q,hrﬁjn(gq;oggqn o 1H2GOveb0n GO per
cell); (3) R &f”g ngrf cy %t’ %g?@ % ac?|]g$| ties E%ﬁlc phagocyt osi s);
(4) nediat eemtaﬁamlgl liakdd @&n bpmmwawp@ngdﬁnett&rftﬁlﬁbﬁ%mt’ @tudi ng

sel f-antigens,, tar t hem Ofch By dnotiehe  bi specific
and mul ti spEeFiplien t*&mtsg)s"ﬁf‘%a"t‘%"?‘r‘n’g{@&%%‘g@{‘g‘ﬁ@at 3 s/ te which is

di stinct 2 ,8,RRR2004bM¥e cmd&%&ﬂn@éﬂtﬁusmbm@ozmwenglt/dmaﬂ?féeﬁaﬁ?ﬁﬁhog| obulin

(e.g., 1gGor 1A b|nd| site .of the re 8 B8easbi ndi ng of
t he bi specithd l@eﬁﬁﬂmfﬁﬂt’ﬁ‘ ‘%&Efsﬁlﬂsﬁ%’ %8u'lne‘g%%8%gto-[ g%?ue?lb Et;;é ph;aél ol ogi cal

| evel s of 'cﬁ@‘ﬁ%‘?%lr@%' h OficityToFMER 1Rty ad paetond bindinp spesifisity km¥ent i on
features a n anti-HE

R2/ neu 5 ant i bod i P
conj ugated mwpwrlmrmtﬁct%%ﬁ% alehuglaX Fa&) E%??%?,r ;@ﬁ@j‘ CIlr toﬁgr eo

enzymatical |y acti YQheSQiSf Qnd g\h]tﬁpécffﬁgﬁ‘@éﬁuleﬁ AeiROhcluée xmmoohg:mﬁoﬂeh or a
smai | nol eCHPE AT - cancer rug. In another aspect, i nvention

t
provi des t ads@EIE. speotdingly,affléspesfic melepyles Qﬁf#%‘ﬂ"%%‘?"?‘é‘é‘e]ﬁﬁe &P Q’f r cel |

expressing an Fc C anBResnaphage or an 10 acti vat ed PMWN cel |,
and a bi spe‘Ei"I‘sipE':lé mﬁﬂqﬂ%r%@gﬁﬁﬁé mol ecul e of theﬂlgrr}]\égentl on..ln anot her
)

aspect, the pr esiemtpamauleﬂemmdnpem,\hlm@ﬁe@?ﬁ!ﬁ'ﬁlilﬁﬁe cyles Of‘B'Ftar maceut i cal
and di agnostic cog‘gom ti OEG&%}E‘{’“QHP’H“St 990‘165' SR ARAaRbaTaL kY aREQLPEADI €

carri er 'andmygntioB £8MPTIES nmonocl ona antlbod of the. ipvention, or an
anti gen- bi pQibmg FROra siipld dhaindof, Svdillbm-hﬂdp’é@?Cﬁﬁ%@Plle?" #5i AR Ye HER2/ neu. I'n

one enbodi ment, the 15 ¢ osi tion F&Y" Fodb human
anti bodi es Bwitiplg humas.agh ?Pgtgr?ﬁmoﬁﬁrofﬁoﬁgntﬂgég%f(gg”?{e% abl Fqﬁea)g{tl&of whi ch

binds to a gji$lihglechHPFHORY/orfcan alecxmulpﬂte"chwenphalr&rﬁ'é@ﬁt‘?@alam&?ﬁbos| tion

comprising 3023:? (?r fmnglr':lggtls (()Q ga | a @hrlltxﬂalqlgg anP é}dy %Qh%tae\%nable region, or at least

20 acomplementarity determining region (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 Fe receptor, such as a human 1gG
receptor, i.e., an Fc-gamma receptor (FcyR), such as FcyRI (CDé4), FcyRII(CD32), and

25  FeyRII (CD16), or a human FcaR (CD89). Preferred Fe receptors include the high
affinity FeyRI receptor and FecaR receptor (CD89). FcaRl and FcyRI 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., 3, 000-100,000 per cell); (3) mediators of eytotoxic

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

bispecific and multispecific molecules bind 1o an Fc receptor at a site which is distinct



highly effective killing of target cells in the presence of effector cells
can be conbined wth another human nonocl onal antibody that inhi blj_tg APR 004
growt h ofoGehdig; expressing 20 HER2/ neu. Thus, the conbidialsh@iRr ovi des

mul tiple therapies tailored to provide the maxinumtherapeutic benefit.
Conpositions, e.g., pharmaceutical congesitions, conprising a combi nati on
of at | east one human nonocl onal anti body of the i nventi on,

ant i gen- bi ngl c

il Popect f1on el G £t Ph Mind BT St 138 RLORET *f‘*%{%f(’é’%ahae of the
i nvent i on. bislingofytbe bigpecifinend msb@m;ﬁqmeauimemnotcmebed)M physiokgivet hod f or

i nhibiting D | i |on and/or differentiation of a cell expressing
HER2/ neu bylg\ltlﬁ ?fb%ﬁmnggg%bu W h and/ or by i nduci ng phagocytosis and/ or
Kill'ing of targéi aeher sspbat, dhel prrEene frivetionfearares $humaiLgii- IBRYHaEN

pol ynmor phonug] ear ce usi ng .,an anti body, .or anti gen-hi ndi ng
portion th&rBo? y( ¥r2 %agmeétﬁg%%‘%r%""ﬂ’rga 1¢ # UsERpPYHicanQity %d@%t@?’“?he

i nvention. drip g%aﬁéﬂWdétm%mn tdn g fRARLBAGHGRITPS fa8R&opalaakny a cel |
expressmgthe HER2/ neu receptor either in vitro or in vivo with one or a
conbi nat i orfMYscUfARKrEaRESRG®EoNal anti bodi es of the invention, or an

anti gen- bi ndi ng; Bepk € el fspét ifUSRR ctor 2 8
PR 3004 V. 017 (B SickhepBepk-AAREDlcsent vEdionif RIERT AR lsp il canwggélgnpl oyed in

cul ture, e.which gpmprise en effeciox cali axpresungan Foigrepiarese. coaprephagagr oel | s

expr essjng LG ddPRan Fh‘, ah&5 61 &fﬁca&qw.ga{ggﬁg?lfno?e%hlle%}meﬁmenﬁﬁ'ﬁ”pl € a

sanple containing cells expressing t neu receptor effector cells
can be culturedn armﬂwaspgqt landremnbivmtﬁnwircu\hdamommmm&w of the invention,

or an antigen-hin reof or .a_Dbi eC|f| pecific
nmol ecul e 01% f Inace"nl\?e ?Sﬁgﬁ“l‘ (%m laltlton Ve mpmf’%a ol “ﬁ%“ﬂ accf:Bttalﬂfseor med in
a subj ect, cerrgr andas quaatrdne bl&mmnombcmnutnn(lbocgr of thdlhmpﬂ,uil’laﬁamrgep)-r ophyl acti c)

prot ocol . For in vi. ne ant bi,n ortion

t her eof (orPBgingpe ?rf%tjq‘ﬁ’glchfﬁcf&%%gyc%“f"? txﬁﬁ@é‘lﬂ’elhg "nﬁ'bb"gm‘ﬁgh n), can
be adm 1§ stcempdsitieh ammﬁmra coiBinatid) efahe Bushdnemtibglidsror amdgenibiRtimeu- r el at ed
di sease such tha hi biti on, sis and/or killing of cells
expressi ng HDH@“FIEIQ%Oﬂé’EFQ‘F%QE5‘E°53r°fw§‘clhrp?('fglg Xd'ls'l’l"‘:t BHPPENDYF¥ABRIF: 2 t he

subj ect carphbenaaedichi dmpbdivor doaptisidg Whirha@ moagestal mmbdmduhaﬁﬁ& e g,
enhances or |nh| |ts Xpressi on or activit receptor, , an

F
Fca recept dyshl 36? ?’é‘b‘“ﬁ@g@&eﬁ)?e Is gy the presencs fhe C“’L‘F‘é‘gﬁ‘iaﬁ ef%blg‘fjjoj ect with

a cytokine. WIFPr&.Bﬁfef Rénahmdnst1I8kdl aﬁ[a;oﬁﬂ?ﬁhaammwsa{ergaémrbféwsleaﬁre&sﬁ@at ment with
t he bi sgqem fic and nultispecific ecul e include of granul ocyte

col ony-sti R Ny fhaﬁttl@;rcov@r@gqu) proglpgsrmplggy;tt@raples 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 muitispecific 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 polymorphonﬁclear 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 receptor
either in vitro or in vive 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



macr ophage col ony-stinmulating factor (GMWCSF), interferon-y (IFNy), and
tunor necrosis factor (TNF). |sol ated human nonocl onal anti body 2@ APR 2004
conpositiogns of the invention also can be 20 adm nistered in conbination
with ot NEPRAYRA therapies, e.g., an anti-cancer ther USBEBnpl ary

di seases that can be treated (e.g., angliorated) or prevented using the

met hods and conpositions of the inventi'on include, but are not limted to,
tunorigeni c . di F’eas%d S;ﬂ?(ég t}lm)%i geuﬁi c di seases include an_adenocarci nona,
e.g. saliv&ey 3 SRER &P SREPR ARYINGUHHEY -8 R MR e P AR K- £ e Kd ma, | ung
carcinons, SRPANRE S!S kjresdR g TR ISERDAE reddpfbr AHAESH@Fbr CRAIMG € For dxAmYIeta anot her
aspect, the present invention provides a nethod for detecting Iin vitro or

in vivo t héapplssertaigingelispxpiapsig he HERI(ney egseptar andshiptpecellecap be f or

di agnosi ng 2/ = . i i -Lhis it s achi eved
by cont act ic%gmg@@rjrﬂsﬁgn 4 ?%n%ggéht%ﬁ%g%%g?%ﬂﬁﬁl ﬁmggg’odr{t%?%?"%gr%d@ with a
human nohogeomalthaefidredyspefific hemBlispasifemalemle ditheanvamibnigen- bi ndi ng

portion thereof .(ar bi i fiic l.tispecific__nolegule). under

Pondi ¢ 1 ons Al oft PPoFGtebedhmiihh S e sa PR 84 R f¥body  and
HER2/ neu. Grgleaic frqirephlyfaodt)ipsotédabn detected (e.g., using an ELISA) in both
Z 8 APR 2004 WO_01/09187 -8 PCTI U 20272 s Il es, and any statistically
significant diff&r&ifs8 “?‘*H‘Qﬁﬁéh%?'ﬁﬁﬁ%%ﬁ% ’I“@)?g"sm’”g'ﬁ?ﬁié‘ﬁat he sanpl es

i s i ndi cat ibigedii€oPhBIE§REIE: afoldchR dfitRIhVationdan $e Bdinihidiéied toeHumas anpl e.

O her features and advantages_of the [nstant jnventiaon be apparent fromthe
5 fol | off ngubist AP EHEdEEs HERP B HleL B Lo R on of ¢ he

Drawi ngs FigitgdRyibsik SndorkNAYEE defis Siprasa\RIHERSnd 3t @8IR % ihaged tinon of a neo
cassette into the Smal site of the 1 exon. Panel A depicts the genomc
structure oPeembodimgrtiihe subgechprsrhs adgidionally eared yich an pggst isemedulaies, p exons.

Panel B i RAcTH ' C
ane I'S o ,Seﬁﬂ%dd;gnﬁ lég{hé'g}rﬁg s%olﬂ%ra LAFOREL féég.gglggcubgg%ﬁrnser t ed

depicts the targete ocus | I ch the heo casset
into .il. FRirguFey 2ceppariylforexasmpk, beating thepshbjel@ withta aygkinee Poiferdidng of
o BT RA R O AL S A SRR W g L B 2, B8, and
depi cti ng trhdedatendélg: Bigranulotfte eslony-stimulating factor (G-CSF), granulocyte-
macrophage colony-stimulating factor (GM-CSF), interferon-y (IFN-¥), and tumor
necrosis factor (TNF).
Isolated 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
HER?2/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



anti-HER2/ neu antibodies 3.F2, 2.E8, 1.D2, | .B 10, and 3.B4 to HER2/ neu
antigen shed fromtunor cells, as measured by ELISA. Figure 3, paddl &PRAZ0G

are gra gparing the binding of purified human ant
nmonocl onaﬁ ant1 bodies (1.D2, 2.E8, 3.F2, 1.B10 and 3. %@%@R—B (A and

20 B) and BT-474 (C) tunor ceIIs as d%tected by flow cytonetry. Figure 4
is a graph conparing the binding of pur| fied human anti - HER2/ neu

nonocl onal ant bod 3 F2 . 2. tunmor cell s
(oo, o e aRbisL a8 b SiliCaily SHRANCiiredcs i8S Fibn b5 e o &
panel s A andwvizen dleaagpiap RSndiegivethegesehe of tHe HER2/Adu BitigéliBlthedest unor 25

cel l growth b purlfled human anti - HER2/ neu nonocl onal (I _D2, 2.E8, 3.F2,
1.B10 and S3M as neasured by cell density. Figure 6 is a graph

depi cting the '@?}ilé?iféaitlﬁék £d a@@&g@s AP ns@MY ihveatiobdagpirentdrh fheed human
anti - HER2/ neu nonocl onal anti bod F(ab )2 fragnents (3.F2 and 2.E8), as

nmeasur ed® byfokkewipg dedpilgdidgseripiorprd (l&mp. panels A and B, are graphs depicting
the inhibition of BT-474 tunor <cell growh by purified human anti-HER2/ neu
nonocl onal anti bodies (1.D2, 1.B 10, 3.B4, 3.F2 and 2.E8) and their

F(ab' )2 fr SyinfMescriptipnrdalePeatings cel | density. WO 01/ 09187 -9
PCT/ USQQ 20272 2. i g t
body debient Sy taryidifa o BRI BtordroBEE AR PE ™

t he anti body de unor y rononucl ear
cel I s nedi aheeﬁnknsnpuf ihE in@ @x b nBane b tepicts tHef@2hontid stmomare bbHihal: lent,i bodi es

(1.D2, 2.E8, and g (A); or by IFN-é |nduced mar ophages in the presence
of purit¥ ed”*}?cﬁw‘aﬁ illed boxerepresent hert £4988 Aare( B iszschemats diagram pihe 1 810, and

3.84) (B), gﬁ%&fﬁ%%ct% et gdéﬁ&?%%ﬁf kcﬂ%‘i&u?m‘éhlém e ags%ﬁ%/ cting the

anti body depende yto KBR- 3 T-474 tunor ce
pol ynor phorhasbearnsertd mtogeldi at ed by a human anti - HER2/ neu x anti - CD89

D opect 16 0L Cail e Sl 41 S oSl S GRT F19 5,10
BT- 474 t unuhtib@iidsSronythrengbiitena dodiess €02 beE& ahdIBoRD, tamdcombink/ neu X
ot 8 eSS ey 3o S5 LSR RaShy o
tumor cel lastWERIMNuGnEbae 3D i2adse . DRY 1.8 1 (AR BARb IHERERE( BMipex stadt | - CD89
bi specific f%Dnrl1 teu(r:ntélrgﬂ{s’lﬁﬁ n%ea)éu%dlgg)eu as neasured by 51Cr rel ease.
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 (4 and
20 B)and BT-474 (C) tumor cells, as detected by flow cytometry.
Figure 4 is a graph comparing the binding of punified 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.
Figure 5, 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.E8, 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.ER8), as measured by cell density.
30 Figure 7, panels 4 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.ER) and their F(ab"); fragments, as measured by cell density.



15 Figures 12 is a schematic representation of bispecific single chain
fusion nolecules, 931 and 934, and their parent HuMabs. The variaqgg Lgaht
and heavy,oh@be; regions of 14.1 and 3F2 were used to ggh@h@iBrt he AP A4
934 (W EGF) constructs. Figure 13 is a schematic representation of a

chem cal |y conjugated bispecific nolegule, nmade up of the the fab
fragnments of 14.1 and 3F2 (anti-HER2), used as 20 positive control. Figure

14(a) is a bar W%gﬂ&?%% AGnI B %@g%aggsséﬂat%@%awmammp&gsmw o8

8
proteins 931 and pressed I n _ supernatants as r¥easur ed by
now cyt ometf SKBR~aTupsir sellsthyanerfopudead c¢l33nedatgtiy) pusifigd wmaneantif ect ed ( NSO)

super nat ant i ncubated with ej KBR- A431 nmor .cell |ines.
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| gG fab-2 gpabphagdsen tHepribyR@E pirifivdiiman BhQUBRRAER kntitddies (BF2, QIE8PY showi ng

ADCC anal ysis_of fusion proteins 931 ang 934. Chromumrel ease assays were
done with an?’H&}@a?W%BM’@aWS%@-WS Grgl6@sean  effector (ronocytes, PWN)

to target (SKBRzZw, r i ; SuumBEnt e@blvsis ki $LBRG avas det ect ed
get ( Foourd 9 gﬁmmﬁm%ﬁ%ﬁ dEpura (t '\glz)o)ys k g

using transfected (931 34) and untranstected supernatant 30 to
nedi at e spd¥i-fT4tumgseis by pglympphoneieaygsly malptatby afpimapmtu3ER2Me2 72 Fi gure

15(2) 15 3 HaitkothBeling mididk 0. { 23 FIRas Wt/ Omerueomet 1 y) of

singl e-chain fusion proteins 931 cells. An fab' fragnent of
425, an anti - EGzuR s agripbhdepiodng thoantibody dereadent eyiolysis ol sKBR-Eands a

negati ve, Copt I, ] i hﬁlgr "ﬁﬁﬁ £ L 3o shown in
Fi gure T% %4?&5]&55&%]?%%“@ ?S,\}%asxgédé%nt o‘ﬁ‘s' !Sdﬁi'eﬁ%%“ isnfa grgaph show ng
bi ndi ng (asbispeaSumetkchly (f4. bw3d2),@meteaspyeddfy ° €1 mighse- chai n f usi on proteins
931 and 934 to

The chemcally i'%% E‘égi %ieagﬁ%%ll c%ﬁig&ﬁfﬁ?ﬁ;?‘é@iﬂ?p%@ﬁeg&?ﬁ @HSil@?fé%f;'gyﬁ%l%\%/gts r Olat-gai n
used as a peRs by wieole blobd alediafed Gy b duhbn ami- HE§2&ph x shoWiDEg bispeding (as
ressur g, O Sl GHOTEE L BLedfe B M8 el v Tusion protel n 834,00 MoL
that A434 tunor FeglréssI 2Wh ethefidBd repiepinesion bhiBisfecHicRingletheinfsdeh A f usi on
HEREICIEE LR CE N RN A R
gr aph showilgiohdMN 14 afane GFD ivefealstd wolgeskiratt €t WY taad 034 GI/EGFdonstructs.
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 supematants as measured by flow
cytometry analysis. Transfected (931 & 934) and untransfected (NSO) supernatant was
incubated with either SKBR-3 or A431 tumor cell lines. Binding of fusion protein was
25  detected by staining with goat anti-human 1gG fab-2 conjugated 1o phycoerythrin.
Figurel4(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 (NSQ) supernatant

30 to mediate specific lysis.



15 SKBR3 (Figure 17(a)) and BT474 (Figure 17(b)) tunor cells by
single-chain fusion protein 931. Chrom umrel ease assays were done i APRa2004
i ncubat iypg ePehsod of 16-18 h and an effector to targq;CT;U%M/ﬂ%zof 100: 1.
14.1 fab-2 was used as negative control in each experinent. Figure 18 is a
graph show ng nonocyte (effector cell)igedi ated cytotoxiciry of 20 SKBR3
(Figure 18(a)) and BT474 (Figure 18(b)) tunmor cells by single-chain fusion
protein 931. Ch ! 3 i i i en period of
U718 h and an Byl D e By S P P lsed as
negati ve cémeleghainfusige prowensiBi iandhi4 3Dtk |Aedabdsagmeptdfdds,ah t he
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nmonocl onal agai8ufdRs PR VIR RE609187 PCT/ USCO 20272 - 11 anti bodies to
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i sotype swit chi Ag#aLE ot digraph shovwingrhinling as pwetuseddly fomecylometmid #fon i ncl ude
ant i bodjes g;nard hantd, Q09 ¥ ol PEBR S r ' . L.Qns

t her eof , agm\%{egll as nonyrﬁlfnan tEgﬁgéﬁﬁbﬁgﬁieﬁﬁq&%gﬁ%dﬁﬁggg%%&léahv
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di ff erenti asadom agnsitive conobl, land 4. bfaba? asal legatiprceseilng HER2/ neu, either in

bresent. i nvent | By s Sp SR IRPROT oL POy R ey BE "o are |
first defi SEBRIAHDGurd DI{a)) ateB T4T4t(Fignee 18(10) atior takbh sinBle@tighdustiont he det ai | ed
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RERR! heu_ Poh O S) ChbRium s M U HBR B A S 1bridude any
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erbB-2 gene (al so known as the HER-2 gene), which naturally occur on the
surface of &M e g. a human tunor cell. As

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 1o 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 monocional



15 used herein, the term"neu,"” "neu antigen"” and "neu receptor"” refer to
the rat equivalent of human HER2/neu, encoded by the rat erbB-2 g@mMeARRajlsp

referred he rat neu gene). In a preferred enbogi i ndi ng of an
Wi fTidbend!

ant i body invention to the HER2/ neu-antigen inhi growt h of
cells expressing HER2/neu (e.g., a tumgn _cell). In another preferred
enbodi nent, binding of an anti body of the invention to the 20

HER21neu- ant i . i fe r i S r_killing of
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domain, CL. The VH and VL regions can be further subdivi dged Into regions

of hyper var i&Bieriiatipn apdiprmgting of » gl ereenting HER/aex, eithar it vige peigivoes ( CDR) |

interspersege\gjsgIgn(_rogrq,jag%b%/ﬂﬁtin@mm{mre conserved, termed franmework

regions (FR). Each VH and is conposed of three CDRs and four FRs,

arranged from anirmeder Sranihaweesen invantiammaytbermdra eradiinundarstod SepsiREGO4 WO
01/ 09187 ,PCLL Hﬁgd.jeﬁr%% 7 %dai:[’i%nélca!eh Bﬁﬁﬂgﬁeosreﬁﬁ)kh 11555 oﬁ?ﬁ%}?eteﬁﬁ% des 19 FR3,
of the heavy a i ght cha

CDR3, FR4. The vari abl e regions I'ns oMt ain a
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or factors, g?%éﬁ g%e%g%\?%(ir]ﬂmoeﬁéshq"céeefﬁg ?‘85“ i ?'lnéjl 'f%r??rﬁenagy N Ot?hf ect or
cell s) 5 anbundneHERZ/s¢u recapponaintded Gl the hninah e At g i(adsd kroompk éeent system
The term "apt.,,gen-bi ndi.n rtion" of an.antibody (or sinply "antibody
port ony . AERSERE AR Bty bR erhe ARraforcRiCt ol Shran Bdreeln Asne | body
t hat retlai nusehdere@dDink itdrip 6w, pR@iahiigeal” hiyd ‘Bleid ebctmord fefamb itkad dg@ivalent

HER2/ neu). 1t has shown that the t i gen- bi ndi function of an
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Exanpl es o; gdakpdhla_g,lr)e‘fg&g_rmmoal iéﬁﬁi}fbl”ﬁdﬁ}%?ﬁign ?Vitibbﬁﬁoﬁlh@inbﬁﬁiﬁh'ﬁcﬁt{ﬂ&i ge][l- bi ndi ng
portion" o nti body. i nclude (i ab fragnent, a nonoval ent fragnent
consi sting ﬁgﬁ%ﬁﬁu'i’ﬂ_“,gcéﬂh‘ 5‘]%Frﬁig‘tghl"?ﬂﬂﬁﬁ?‘?ﬁ?&”@iH%Rzénqﬂ((%tﬁ”?Elmqféaﬁent, a
bi val ent  fmagsmBet preRARd érsbsiménthifaihy dad GREEYAS of thi kfdndh 1@ udi sul i de

bridge at the hinge region; ) . ,
20 HER2/neu-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 1s 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 1s comprised of one domain, CL. The
VH and VL regions can be further subdivided into regions of hypervariabiiity, 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



(iii) a Fd fragnment consisting of the VH and CH domains; (iv) a Fv
fragment consisting 15 of the VL and VH domains of a single arm off BaAPR 7004

anti bodywd m)eessydAb fragment (Ward et al., (1989) Natpre §0‘b;'2i}7t57 4-546),
whi ch consists of a VH domain; and (vi) an isol ated corrprerren rity

determ ning region (CDR). Furthernore, ;although the two domains of the Fv
fragnment, VL and VH, are coded for by separate genes, they can be joi ned,

using recohbRRlrdeR! WH%D%%FM%BRW%‘%@%@E*; tﬁgg}él es themto be

made as a single 20.prot&in chain I A whic JTRUE Pair to
f or m monov athe heavrah@ b ght ekaing donwine Bisdisg dgrhain cieainterfets Wik by ritigeeeTle 9., Bird

et al. (198 i e 2: 423-426; and. Hyston.et al. (1988) Proc. Natl.
Acad. Sci . %éﬂg‘@gg@@nf@% ﬁ%goﬁmyﬁﬁﬁtﬁ%&h&%f?g Oﬁﬂﬁ ‘Bé‘ﬂ“l“@%loﬁ‘r‘]@ 8l so

i ntended t chdsetisos@fasss thohidingivariblieellesMthe Ahi@ansibnekNeffeciicbiign” of an
ant i body T%ﬁse fsmti bodg fm%}]rrefnts are obtained using conventional "25

t echni qués PHSKHIIELEompgacat {(likoidhs ¢ipssical comwplement sysikeh-t he fragnents are
screened for utithetidtm iaftideADirtEpoRBINN8F 2R Bb&y (PLiRiy ARtibRYdi es. The term
"bi specific npl ecule” is Intended to include any agent’, e.g., a protein,

pepti de, orPHYVY bithuse hprels: redes womp loemorafivgntentsaf an onsibaily fher retain te ndi ng
speci fi ci ti gty WUnelHRIHG; ' " ACH P (a) I f antigen
and (b) an F(:.n?ec.epp_t olr g%l%ga%%ﬁtg%&?ggbﬁgwg%)éﬁ fheag%j %:?1 sh%ﬁ&ﬁﬁ% term

"mul ti specidtigempindiag fusctigy of ah entihrods parche pecformel woimgrientsofiarftleraed t o

i ncl udegny, , ol e | ept.| r .Qrotein aor peptide

conpl ex,l @\Ahail_lgﬁ&ﬁ;asla xgrr%] lgsto éﬁ&%\gé%?ef‘%eegéﬂﬁs%feﬁ !lﬁ’én ﬁ‘ﬁé%“f"r !aﬁﬁ?ﬁe es which bind
to, or 2 8 HMmingperodfed Adde8y inkigdé JBORXRBaARNt, atnesn@etlemifiagmém) a cel |

surface ant N kG, recept n the surface of an effector cell,
and (c) at ﬁoggg{ng(gﬁéhegﬂﬁe\ﬁié@ng@r@ﬁ 3"’%&’&%(@?4‘3%12 fragmept, ¢ 8iYeleBh i ncl udes,
bultti S np]'Efrdginrth@dlpllrisinng;AﬁB&cﬁl" C afghcems_tlrnkapl@c&fiwﬁde]t ﬁidg&&?&@hfﬂg@{qg&ﬁl@ ot herh
mul ti speci fi. cul es ic r ir 0. Ce urface antigens, suc
as HER2/ ned,”ﬁe?ﬁ% {fsa&”iff}t Paudpesf ghegﬂg Smg&@gf”?}?m&&“bQ%Vfﬁémf’é‘rcﬁi“”gingpeci fic
anti Boggl £5s"offther Vhesd vﬁd{’{/ﬂﬁm offi 31@93 a2 of 42l @h@@tiy@@)ardabdfmgﬁﬁhﬁward 91 specific
anti bodi es i,n ch t n donmains are expressed on a single

pol ypept i deéfle Fll%g#]p ‘Hﬁrf%&:isﬁ‘gj‘gé)i ‘I‘IHHR]éFO"tSﬁﬁtO%PSy H %“%Wcﬁ“f’ (Y‘ba’h‘ls‘PIB\R{jf or

pai ring betcspplemehheint dentRi PSR (CHRE FRaBmedidialihodgh Ry dopamisdp t he
domains to Eal r-wth com:c)il enent ar ddor}r):au ns of another chain and creating
two antigert %FYIH?W%’I\{IE@ (G eare gpds 6".’_, Y [SeRarateyggnes. they cap byjoined wsir®) Proc.
Nat | . Acad.re@ebinaie@BdsO8y 4 syl 1iRd ik endBied therfib be ade bl PSAdle St ruct ure

2:1121-1123). As used herein, the term "heteroantibodies”" refefs to two or
more ant$ bgdpteks chaig in phiskitheri IntndngH resipsdar & oam gonoralent malksiles at i ves
therefrom (Riovads!stplt MbMEVIELFVEILONS, Bird er al. (1988) Science 242:423-426; and
Huston ef 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 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



| i nked together, at |east two of which have different specificities. These
different 15 specificities include a binding specificity for an Fc ZrEbéER)ﬂl}ﬂ;
on an ef magt@oigeel |, and a binding specificity for anpgfik@em®r epitope
on a target cell, e.g., a tunor cell. The term "human anti body", as used
herein, is intended to include antibodijgs having variable and constant
regi ons derived from human gernl i ne i mmunogl obulin sequences. The human
anti bodi es  piierhdd &vith QLN QEHAFBYni g6 WY PiHeBPtir©hGhd £5acllsiSn REEcigNCcoded by
20 human germ i ne i munogl obul i n sequences (é.g., nutations introduced by
random or &k é“ds(ﬁb%l?aﬁfconﬁﬁf"&g@?%qnéml egardinglypthe pyvestinraintladas huaisi on i n
vivo). Howeygf ot intended
to include gﬁtlimﬁ%g?oetgﬁ:bér?]ﬁc mwﬁ@%}sag%ggﬁc%@ a%? ?’5%1%% %cﬁg%mt? gmég}er m i ne of
anot her man¥hichare diggeted wscell surdate agtigenssucies H%Ubwno@paﬁcmotsonto human
framewor IS Sgﬁééﬁﬂ'%gﬁ ]'l?estel:m% { %Erﬁ‘é mﬂ%ﬂ%gl Rlﬂﬁ r xﬁgf Aeg(a a¥0d1?r Dlgg:()) R larcc)enal

ant i body conposition ed refer to ant’i body
nol ecul es obwsllemgbxspemﬁlcanmbodres uowhmh :ttcl\dﬂlandAVleomamls m&b(pmm‘ed bmdy

conposi tion _.di,spl.,a e bindi.n e c ffntfora
cortoul ar - SO By R de SlaP ki St BB b Shr o R g e e
refers to ankinhedirmsndinaht &ly‘rid‘liyaﬁ ﬁmg} eoréih g the Agm3 e & [f)duCWfft}y whi ch have

vari abl e and constant 30 re riveq from human g anl ne i mmnogl obul in
sequences. THPRIFREALATH BMHRHEL ano ﬁre i C??B'I’l%tl‘”é’r?ﬁpg IBHRETESEF e produced
by a hyhoi d@ H\tmiﬂg@thl E?QJ!L(QIQ‘B)@'J'& mizlAcaamcalwmpbdmmms TFRRNEY R G/

non- human an a transg}.{gl c nouse, having a Z B 'APR 2004 WO
01/09187 P /Ugﬁﬁl%ﬂlewig]éﬁ conprising a human heavy chain transgene

and a |ight chaigs {edn&ERNEe fchRCHettBantBBdiesMBeisAb 1% 8r H6lelantitaRs! €r m
"reconbi nant human antibody”, as used herein, is intended to include all

human ant i beibedy Windips fpamints(sar £ab). derpyatives dhereframor anfigsp bindisgasmensby
reconbi nant j;,134 KRRy, aﬁ@&btvﬁﬁof%élﬁ@ﬂh Qr‘ffeke%i)%p%h%@ﬂe£ oMAD4fiaRl (e.g., a

mouse) that i1s transgenic for human 1 mmunoglobul i n genes (descri bed
further 15n sseficisips mcludeed dinging specifisyy fasan &x preeptoren aséffegtoncelbamshbi nant

XPI SS1 0N UiGhOLedkITRRP R Gh BtlideRbPeRaoR 2 Ak ceiRO Daghil sol ated from a

r econbi nant nat or 1 al rary, odi es prepared,
expressed, Chetamme thuoran iagidtiody's dswdéﬁnlgclmtshmpndvéammcttﬂdaantlmdm bmngspl i cing of

| Sohuman | PRSP S505 AROUPRBSSuE, BLHTh PR ARMSIFERRUEN,
from human @k mmanantihadres 0otk abwghtion magoendesninb acid eesiduenns mmdcdrﬂant s,
however 20° uﬁ\pm«{n g% rrlti)ler}r(?lur}ltl.lnoglobulm sequences (e.g., mutations introduced by random or
site-specific mutagenesis in vitro or by somatic mutation in vive). 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 a mouse,
have been grafted onto human framework sequences.
25 The terms "monoclonal antibody” or "monoclonal 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, ¢.g., a transgenic mouse, having a



human anti bodi es are subjected to in vitro nutagenesis (or, when an_ani nal
transgenic for human I g sequences is used, in vivo somatic nut agenégibé’ﬁ 2004
and thuswdw®amrno aci d 15 sequences of the VH and VL pegu@Rpeet the
reconbi nant anti bodi es are sequences that, while derived fromand rel ated
to human germine VH and VL sequences,-laay not naturally exist within the
human anti body germline repertoire in vivo. As used herein, a "heterol ogous
anti body" i gendgiticomgrising & Rhiadn Iavy chai@arksgh8 38€R ight cHAR RSB 8@ Sm
produci ng such an antjbody. This termrefers to an antibody 20 havi ng an
am no acid %¥ zgkcelin” encodi ng nucl ei ¢ aci d sequence corresponding to
that found in anTletgr?sp*r@éﬁnﬂﬁﬁan?ﬁ\ﬂﬁin%ﬁﬂ&iyefastuﬁ@ M&Q%ﬁ‘ﬁgh&mﬂfcmgﬂn ,
animal, and generally froma species other than that of the transgenic
non- human a#li hitman angbediestha @regprepared, expoesesdo bighted or iaelatedbylietomeinats to an
ant i body c<hayi ' - : [ [ I o[ i.spal _origins.
For examgl Zf%igﬁ’ Sglﬁ]% ?%%;?&%3@%83}0&% aﬁﬁnﬁ%&e'ﬁégaé&sgﬂa?tﬁs gg@%%ﬁ"ﬁa{o@d wth a
mur i ne | i ghbungdnammunsglabilet genesh(discribeddntthdydnl §ectibix Aploes; anfibddddser ohybri d

anti bodi es éncl uege I%hi qeegoi cD.ang humani zecti anti oddj[.es, di s ussgd.supr a. An
"i sol at ed aRtlBEdy**MEAIEPIRNAREPRISIOp Leqiqrtiapriaced igroradosteelRodisst i body

which is sigblatedtioirad feyoribinntabmbinamiiabinindaceliiesty iy @r itfbbeieent anti genic
specificities]ﬂ%e g an, 30 isol teﬂ anti body that specifically binds to
HER2/ neu i sPERASEh BXRTPSSFd-yrepted &T i5plateA by BBy PIET meansthatiguelvesiseleing ot nd

ant i geng oot R@hantifmunbERBNeithe seflericBPioRiiRd DN idg@ddied MRLL RERbhARal | Y Di nds

to an epitope, isoformor variant of human HER2/ neu may, however, 2 8 APR

2004 WO 01/ pgnaganpeadiesdary vaypbls and sonsiapkregiops deryad Femiumgn gmdinper rel at ed

growt h fact iméRERBLIN Sequéhcts. In CEPM GhBREmMSRE Gbwsver, SBctreconiiiipt NEU Speci es
honol ogs). Mreover, an'isolated antibody may be substantially free of

ot her cel | uhumanpatibedies argsigiested dhisrwicamylagenssis (s, whanaiariorl rafsgerthe

i nvention, f ﬁgg?if @%&{,&ﬂcgﬁs uded Gh %9%5{1&9&&%9?&5&3@ {#ggﬁtk Gildaand

different 5 sp icities are conbined in a conposi tion.
used herléi nsequenpescafitheVHiand Vigregions afithe tecoralpindrib etibobienale neyuenrenthat,

predet er m ngg L mﬁ;‘l; phgad { ;‘E i t\l,n%:lc oL ffinity of

at | east aboute ‘r"ﬁx ‘ggg \ H and Ox%lfnn gc%g&fa Blg'g%nrde e f%s]}]xrf}qcn%?%gﬁﬁ gen with an
affinity thedturally atistlvetist the Womérodntibgdyegensling tepettoinetrsviad.f i ni ty for bi ndi ng
to a non-specifi nkigen Q. A, _casein). ot her than the 10 .

pr edet er m ned an/tfsi ‘855{’1 h%rgmag ?F%é%lfgo-%P 81’ t%c’ég‘ lgrﬁif tﬁ’rbeg A FeAten Eﬂﬁ%g SLEU,

ant i body resclgmanionganiam prducirersiclasrdantibady. dFiis demlyefapeacinfandbdder an
antigen’ arg used . : . N .

207 having an amino acid sequence or an encoding nucieic 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/neu may, however,



i nt er changeabl y herein with the term"an ant| body whi ch bi nds speci f2'H3EPd ¥004
to an antigen". As used herein, the term"high affinity"for an 1gG

ant i bodyy,f f;a;§toab|nd|ng 15 affinity of at |east QQuhoH9AM ",
pref er abYVy at 1I east about 109M 1, nore preferably at Ieastmagozut

1010M 1, 1011M1 1012M 1 or greater, ej;g., up tol013M I or greater.
However, "high affinity" binding can vary for other antibody isotypes. For

exanple, " magbcme; fdaBtihie g"m Qah&%ﬂ& R{mmc{o%échaeﬁsy@ ﬁ&%@{h& gpgmés bi ndi ng

affinity of | east ab 1~ 20 The Kassoc as used
herein, is (ie:gt,éiﬁlb?ﬁnetuaptceﬁsaom@gshémamciaatsiomdcaohmdamay bof a particul ar

ant b0y~ ant LG b0t BELh ST TN h ST Shiryc R NS ARERLRY il Nt onded

to refer tO SOCl atl on Cons a par ICU ar Y- antlgen
i nter aCtI oninvéhsioh.Saebnibémadom of “iscdaéd) mﬁmoﬁlﬁiﬁaﬁkmlliodlct hmrfgrdnffé:rady class (e.g

| gM or GL i S 5 .encoded b heav chai n constant regi on genes. As
used her rgpe“"PE‘BFW'éC%‘W'P?ﬁH“ﬁd“" déf‘ O$H& phenonenon by which the
class, or isotypgsused ha@binan Eéd@wnm@w@ﬁt&mn%@mnhlggfdaa&sdemmme of the
other Ig classes._As used herein nonsw%ched i sotype" referg to the

i sot ypi ¢ clEeerof Tymicaly. bnanthodnkipds vt wrfwhlsast Abour §3d 9o s#idt chi ng

has taken pliag8s ieRedeldntifiR® aﬁ’tih%@qlltﬂgn%ﬂﬁmy Mt RenRWM etk géﬁ&%ﬁﬁm is
typically the first CH gene i nmedi ately downstreamfromthe functionally

rearranged Bffigjenier bindioe ypenawineeifie ﬁ@'gﬁa@ DA crsiniofhicedanthec| assi cal or

non- cl asgi ¢ i occurs by
r econbi ?igt |%lr31dd7§@weg% ;%JBES‘-\%%ﬁ (%%%L%%&% I USCIF);’{’%%%S;?) %&%&gvent s whi ch
involve at reemsizingv gt land teuanbedy spgiibnfor an eitigen’t anvgdne. Non-

cl assi cal type S i G . ous
reconbi nat i o% %g" eﬁyétﬁg%hnrrn‘gﬁlm 'y %ﬁ'ﬁ%"d‘%“?@%m mﬁgﬁlgg&%gl etion).
Al t er nat i veanngen'cl assi cal sw tchl ng nechani snms, such as int ert ransgene

oo Lt S OB aR B AU i ST RO IR e PR o
refers e tdfﬁs:ey A lcaagbendoiM’ ,r;ﬁefmbislableest ﬁlmut $0&M bmoreemeﬁabbryem ion. A
ot h SonL SRR P ST, & kLo IER ek s
reconbi nat i Qrgh affifit ”mm&.cgbaaaa@ﬁbmmermﬁmoﬂm isotylpks. Feor beimpe nhighe const ruct
re»? gl ? n to Jiuéy Clgl cﬁ g)b A% gd\}l E‘;%g;,r;)fe Elfearg teo q}ldn(l:goa 1E1ﬁyngf at ﬁe%t ou(t ? 9. ¥, &
10 M
20 The term "K,g¢nc"> @s used herein, is intended to refer to the association constant
of a particular antibody-antigen interaction.
The term "K; ", 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 IgGl) 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 [g 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



where reconbi nati on al ways occurs, the final gene sequence will typically
not be predictable fromthe construct. As used herein, "glycosylatiDdg APR 2004
pattern” y§otRidned as the pattern of carbohydrate unpEgythdhare
covalently attached to a protein, nore specifically to an | mmunogl obul i n

15 protein. A glycosylation pattern ot jg.heterol ogous anti body can be
characterized as being substantially simlar to glycosylation patterns

whi ch occur eRatsuiidH Mvale AMakRAdk@fch g@]g,@éw@f‘cgiomn Ih@_@rmﬁ;yéﬁé. aSorkf the

nonhuman transgeni ¢ ani mal, when one of ordinary skil in the art would

recogni ze t¢essifalicer¥ng wriiching pay requn bpffor ¢xample; hanotlegpyg secambingely as  bei ng

more simla ' f yeosyl ati i\nthe speci es of the

nonhuman 20%‘%‘581?38}5%“(%%%‘?%&%%% ag %%%Leg dlse%gl?:rll)'eét\thf rrngfhe%qné%a‘%gﬁ%] CH genes

of the transgehimgwrédbanisay, buchds infdmearisggnandyat intepdhkymesomidl et srgbinanpsed

her ei n ag applied to an obj ecégrefers to the fact that an object can be
n

found i n>natffiPRe OtRSTS. MAYAGHHT and effesiate3tYRegRItghing | ynucl eoti de  sequence

that is present Afu@Bheremamb s (bredhlidyiRgceriréfdmes hotd BN ACRHudAges SOl at ed
froma 25 source in nature and which has not been intentionally nodified by

man in the leapsidledpyswitch recambingliony Ao coxitch idpepr” squencesthpicalyaa it BRgdd"  as
d horo: ’ . . . L ht D ehai
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i mmunogl obul P71 Ocus ere egnent 1 s~positione

adj acent t oregorBbijiatgm. Jhe égpriehtcdeptod regini oilhiee bavweeanloodtinsiguee ssgamito &b |y a
compl ete, VH,qr. 30 VL domain, respecti.vely. A _rearranged.i mmunagl obulin gene
ocns cdf itk e EaEByrent SHIRT SRS [<8-gabre T AT BRPTE Ao | ous
w || have aivhéreasom®iRtisLARaiicoads, thefidap e /seqRadarilingsiedogy: Bd enent . 2 8
APR 2004 WD 01/09187 PCT/ USQOQ 20272 - 17 The term "unrearranged” or

"germ i ne cHRfEBledtanRe copsiied herein in reference to a V segment refers

to the configurapk @@d\%}ernegwcbmmwn%e@mm@ defindd @t the@RAEHRNEALSHdra®S t 0 be
i mredi ately adj acent to a D or J segnent. The term "nucl eic acid nol ecul e",

as used her s thatarg Govaepbypttached 1A RIgeinpRgare spesifisally 10 8% imymunqaleRulin| ecul es.

A nucl eig aﬁiodeam%gub@wa;aypmnﬁmqie@-r@sg@mﬁﬁ;oef caniRUbbRcstizaanded, but
preferably 1s doublé-stranded DNA. The term "isol ated nucleic acid

nol ecul e", beingsbgtaptiallyisinilapto gycopdaiion nagerps whish eccup ptiiglle e apfihogies

ant i bodi es odmhibgg%ystp@cq{stdf %%oﬁlﬁm%mlraﬁ'éen%lanin@@entogéﬁf @jd&qn’ts‘ﬁirl]l

HER2/ neu, i I nten orefer to a nucleic acid nolecule 1n which the

nucl eot i de in the art would recognize the glycosylation pattern of the heterologous antibody as
being more similar 1o 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 "naturaily-occurring” as used herein as apphed 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 1dentified by
comparison to germline DNA; a rearranged locus will have at least one recombined

heptamer/nonamer homotogy element.




10 sequences encodi ng the anti body or antibody portion are free of ﬁ’t Iﬁﬁr
nucl eoti de sequences encodi ng anti bodi es or anti body portions tha% l& (ZUM
anti gen han HER2/ neu, which ot her sequences 1y flank

t he nucf\gﬁté'nggﬁi in human genonmic DNA. SEQ | D NCS: 1ﬁ§ldég‘$rjﬁ££pond to the
nucl eoti de and am no acid sequences ggnprising the heavy chain (VH and
light chain (VL) variable regions of the 15 3.F2, 1.D2 and 2. E8 hunman

anti - HER2/ neu g j.hodi - t i tr i . i ar, SEQ
DN T and 2 oof SoBonrefanee A EEine R YRR Lo eI 5 and 4
cor r espond td @ Vishgnait raférs tatbe Gorfigumanon wbetyin USEY) sednddOisshroaredorBbipet soespond  t o
the VH of the 1.D2 t'Bb%%)é th IDJNQ7 znd 8 correspond to the VL of the
1.132 ant Ff)&?ﬁ,lmgﬁ%gie Pt IRAP D ! €H P pond to the VH of the 2. ES8

anti body, and SER defh 2ucQ atild rasieeule?, sxarseehPponds imteridee toihclode DNA 2. E8

anti body. For nuclejc acids, the term"substantial,K hogngl ogy" jndi cates that
two nucldej &olegpliegand %}?IAd%g‘?cd'r‘F&t Adueleigredondeqopanbe Sl(?ﬁ%- 9%‘6?4 Pal |y aligned

and conpar ggubl@beandéd 80 dr&ievablyi §dEbRP®GLAMIKIIRGR. nucl eotide insertions or
del etions, in at |east about 50% of the nucleotides, usually at |east

about 90% t o 95¥ke ghm "inglpted prcdsieacibmplegule], agused Apisinin ggforsnes 1 Judyc 504 of t he
nucl eoti deg; RALAES NS orSHB ' OOV A0V XbRESthER bhe segnents
will hybri glcuziiér{fﬁ%g?%}ebl ective E@%&?Hﬁfgy‘%ﬁbcgn& t_!l)on)zt, to .tthe conpl ement
of the st Hiokd/neThie ipndedistrefedwrarivlpiciasidmelpculevy wadudnoededquge a f uncti on of
the nu r.of i i | L . b €., %

noml ogyy = “Hegpe GERHAE e A Rbads AP BB Bl ol e SERUBNAEROME 00 ™ aki ng

i nt 0 accountqutives auootiag agfbodi@p sy, andhetyt fretions ey bind ehtigeas hthgrathban whi ch need to
be introdu for optinmal aliagnment of t t sequences, The conpari son
of sequencElrauieheh Arabr Ol apeatib Ik e TSR DME Ao 2004 WO
01/ 09187 Pgdiddto OMN202912) 1D NSt Wd 2 semespiikts thamiclretidcadmrplinsiéd] usi ng a

e ol AT T B P bl R LTS SR, 2oL o
using the 3EAP] Pregd a/Bsimah entiIER Sk wanelpat kaiedieavfahe mbtmioat In
T SE8,CORL B Y3108, 2 MERaRRS YR R s 3o S8 5L 97 O 10
identity beioveand 4 werddpsiidesite A GMthedTFD entioiy, SEXRINMEOCEd0ETRbDad
(1059)) "whie e s otibe hOEmtrags Sk P MIES Sebi tesudp Bigrnp e 102 1L
antibody, SEQ 1D NO:9 and 10 correspond to the VH of the 2.E8 antibody, and SEQ 1D
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 10 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



(version 2.0), using a PAM 20 weight residue table, a gap length pggflm
of 12 and a 10 gap penalty of 4. In addition, the percent identity ?{104

two am nwoagleshssequences can be determ ned using the pepdéwpmn; and Winsch
(J. Mol. Biol. (48):444-453 (1970)) al gorithm which has been incorporated
into the GAP programin the GCG softwage package (avail abl e at

http://ww. gcg.com, using either a Blossum 62 matrix or a PAMR50 matri x,

and a gap WioGkduefides t8n beldbcorh@lisht® usn? a fathBimaticapfl forAhmERAestrioed @hke 15 of
1, 2, 3, 4, 5, .0r. 6. The nucleic acid and protei n sequences of the present

i nvention CIOR-Iimifipgexaniples bglowy as a "query sequence" to performa search

agai nst public dakbasathfly baked AR Aeotidt UEbiHY cilcAkRinAEAHGRCCS. Such

searches can be performed using the NBLAST and XBLAST prograns er sion
2.0) of Al ttbeQdlP pregram|in the YOG sofgwark/pickafi (available Bt lnmsflmw gROCBAST

nucl eotigde s I h. r a e = 100,
wor dl eng?h = %fq}lh\gggﬁfdgl '%ﬂgaég{éﬁgg gé%ﬁ hﬂ%éwf%@oﬂbggoa% e%g{hucl eic
acid nol ecwdigle 061, 2, Bed.iSnueht Thnper@oAiSdntjyy béteoesn ts.eamcllaeaie(bammbﬂ apier f or med

with the XBLAST progr t (o} in amno acid
Soquences  Rafaresaatas SeREnk i e HERBLE Dever e OWORbR On " o obt & n
gapged al Lg(ljmmlosldf -0F- 12|51 980)ypetitisin baamﬁﬁﬁﬁﬁ?temnpmda@ll@ﬁ'ﬁr&gaﬂn be utilized
5517 5309+9383 2 ChBAGAY TP csbiasrle P bagpB e B B ¢ ne

def aul t 1033@5'%E1%t oPh. Hrhﬂidﬁtﬁﬁ)pﬂ{étﬂex\é&m&e@ﬁfymve(eﬁ{\go mn%BlaA&‘gequaﬁtds NBLAST)
can be use See p: //ww, ncbi ., nl m ni_h. cleic acids may be

present in SA&F ée‘?:ré‘?‘i‘"sd usjng the ygfc}lerpaspsaggéﬂlux@fh ﬁJnMa" ﬁéf’r’t(i“%)ﬁ“ﬁ 4530 purified or

substantiald Wd?}‘d]é‘orft%mhléh K Be& cctpdrsted ftd ihe Q#/@t S rafllin iHeaRElST ed
substanti al I ﬁwpure purified away from ot her ce% | ul ar conponents or

other cont® ﬁr&rppgkagé(vgallat@ﬁ HAMPLATYIBEE: Coml cYselecei e aBlogspmiflgnaiivns | by
standard t eghi QUeH mbnid, a%ﬁ'% 0Qcki OO, 9@1@71 d°§Td YR 2DR Adn whni ncl udi ng

al kal i ne/ SDS treat nent, %andl ng, colum’ chrorat ography, agarose gel
el ect r ophorddi 3 Jahd, @[ﬁers weII known in the art. See, F. Ausubel, et al.

ed. Cur rent PrNe%Q chlﬁlc a?glymi ?Hﬂ%ﬁ%_ﬁﬁél&L@ he ﬁééﬁgﬁvfﬂﬁ% keﬁz%ﬂger%gd w}l ey

| nt er sci ence, € nucl el ¢ acl conposli t1ons of
present i nvised asan’quetyiskeuenée’ ao perform arqrck egainse pubdin detabasgsaepior f@mpleodi f i ed

5t LR PRPOR e Kol SO SO AEIRES Ayl s
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 Altschut 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.nim.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,



gene sequences. For codi ng sequences, these nmutations, may affect a 'rao
acid sequence as desired. In particular, DNA sequences substanti al IH? APR 2004

honol ogQu 10 derived fromnative V, D, J, cons ches and

ot her SLYé(EO "é’&]‘?]ences described herein are contenpl at g%\ﬁﬁmt’"den ved"
indicates that a sequence is identical,pr nodified fromanother sequence).
A nucleic acid is "operably linked" when it is placed into a functional

rel ati onshi. t h,anot nucl e d.se gnce, Far. i stance pr onot er
or enhancer"% s G ’S?B‘Hgfa "?er‘i‘kccdaf I(’)angméb RS, "d%tﬂ%r yf 2g2[osg ??lects t he
transcri pt eltrgshotelie aﬁ(!Ethhex@G’Qli letuhmmsmecSee;B Ausabel Cat lap,tetidhufeﬁgul atory

sequences, oper bl Ilnke ans, that th nces b i nked are
cont i guous & of ffnf%iﬂh' Sﬁ\ﬂﬁ apd 8?@?&"'?68\3%& er"%&?‘%s,

conti guous (ggh.in reading frame. For switch sequences, operably |inked
i ndi cat es that t he sequences are capable of effecting switch reconbination.
20 The term "vedhorucleiqacid eaapasitions ¢f the Breseqt IBHAEANWhileexign indnagiveiucl ei ¢

aci d ol ec3éq%.en&%a&bf>@fo§&oam@@ﬁeeefct.amte@mtn@ﬁkea Vé}rﬁkﬁhe@?bﬂﬂ SenBhich 1t has

been | i nke ype o vector 1s a "plasmd refers'to a circular
doubl e str anmedu@\may b@)p‘lulafﬂdothﬂﬁfpﬁh acqm@hnm with samid welgnquas © meydde

L gated. ADOLIGE, R ral U B doBe e a8 O arrabIRGRS D@1 LT onal DNA

segnent s i'ga e vital genone Vectors are
capabl e of smmtmcaerdemredebi patidulp DINA sequross sasiantialhytlomaliigobs tbleey ar e

i ntroduged ,(e. acte vectors havin acterial origi f

replicati oﬁgré‘ﬁg_ﬁéoﬁrf gag r\) ﬂnﬁ’rﬁ?ﬁﬁ"ﬁhsw\r}@éﬁs ag%ftherduﬁ]éf’eqv%anéf oéregcr%é?&g. ,

non- epi somhrenﬁmedmaﬁplmed:txmesé "defived) éndidares @gr ataadencatoidétiealgenone of a
host cel |l té{)(ﬁg_ trodu ti on into the host cell, and thereby are replicated
along with e geom CAURRSELover, certain vectors are capable of 30

directing the ex;nme&sda@m @fo;gmgsm@dmmhﬁebwe@m mfmmmvel y |inked.
Such vectors are referr o hered n as nFeconbl nant ressi.on vectors"

(or sinply relaugpshipadih 6H°‘$%rc't”6’re§' 'ae1d SeRYEEfe ey éHS‘a"‘é%(BP ‘Bﬁ’r FEREST S of

utilityjgng Bﬁﬁsclyr‘tuhla@nb alobhink S&UBQUES affdc® (R ir@Rcriplioh Bethé séqubiR 2064 WO
01/09187 -2 / US00/ 20272 formof plasmds. In the present specification,

"pl asm d  AFEECHIREASFIPtoRFERNRAIONE SEAVENGsE.OPETR RN Jiakes means thahibe Pesmid is the

MoSt CONMMDALyeHSS Gexflé’ [1H1’(éafaré’ EdntiRlious BRAVRMEfe necdsiify 108 RNV PFndis cddiigended to
i ncl ude such other forns of ?dg{esm on vectors, such as viral vectors

(e.g., replgiensi eamtisgusand yresdang 5ame. (ins switdhoemuspresyessablyinked
adeno- assoGi ARl ha el se488ds ardipSile SELFELRAWiINR kRBfbhbtG | Ons.

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 cpisomal
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



The term "reconbi nant host cell” (or sinply "host cell"), as used herein,
is intended to refer to a cell into which a reconbi nant expressi oA BVARR: 1604
has been,,,d ced. It should be understood that suc e intended
to refer %%F}J%?I y to the particular subject cell but C%/?J%@%B%geny of
such a cell. Because certain nodificatigns 10 may occur in succeeding
generations due to either nutation or environnental influences, such
progeny may t e | C ' i - £ On . e} ) re still

i ncl uded w {%%ndfp% %]Eogbt(l)%tehgg’fés%ﬁgﬁ T ]g?!rjrtllqtnh sl%g%égﬁﬁ g%‘:?ogslen yﬁéejgjs'eﬁ%n. Vari ous
aspects of inwchangenbty asnheplesndé sahd dned commibnlytuseat fodebaAvdctdrnHobevdrpl | owl ng
subsections, 15 1. Prodl%i on, of .Human Anti bodi es to HER2/ neu, The,

monocl onal  EERYBHPES iERdsd o iprlude R RGO Ol eXRreBOn R e BB iy ar | et y
of techni quesstork NCH. USpR@tiEPHfEdive RRBYiriERd) addranialse utd ddoshyas@idiedlol ogy e. g.,
the standard somatic cell hybridization technique of Kohler and M stein,
Nat ure 236: Viwss)uhich gems equayalenbiigefic®snat i ¢ cel | hybri di zati on procedures
are preferred, ifhdeineieRdlhindt ARG cellt @GRSy @Ros! Q1" PLOsiee hAginMRnocl onal

anti body can be enployed e.g., viral or oncogenic transformation of B

| ynmphocyt esintenided yorrefes ko et lapto wdichayecombirfag exprespian Vestpr hgobdedonas is the
murine SySt Gillod,dADH SR P LA e bikn s HRUAERAeR 18ref by only 10 the

wel | - est abl I shed procedure. | muni zati on protocol s an tec%nlques for

i sol ati on opariipwansukied cslb battothetpesgefinef fugls i o¢ll. dtesaksn oewain modifieatans .  Fusi on
partners,(e.d., £l I n L.on Rprocedur ar o]

nown | 16" o or Y L 8ofRA Ry RER i e BBl W2, BF GRFONRER B

agai nst HERRhpeageonmapeotgarfectates dentisalng the paresigeeHj ot miecell catudgd mdthiche parts
of the humap 30 i ne_s tetm {.at herdthan t he nouse system These

transgeni ¢ M &Pt Er ?@ﬁ%\o R &4 B yMAb” i ce, contain a human

i mmunobl obul i N g¥mtousiatpek R OF tHe hrdve ntoncpeldescritbed e Aurthandpedt ihtheeblibeiayy (.t and
y) and x light chain inmmnogl obulin sequences, 2 8 APR 2UU4 WD 01/09187 -21
PCT/ US00/ 202%2¢1'8B%t her with targeted nutations that inactivate the
endogenoys 4 and K chain loci (Lonberg, N et al. (1994) Nature 368(6474):
856-859). Accordingly, the mce exhiQpi reduced expression of nouse

K, and i)n rés@@?-‘é‘éi%PéfﬁHf?ﬁ‘?!ﬁfgf?‘!diﬁ%}O‘ &2MEH 1 oduced P oMor

The monoclonal antibodies (mAbs) of the invention can be produced by a variety

of techniques, including conventional monocional antibody methodology e.g., the
standard somatic cell hybridization technique of Kohler and Milstein, Nature 256: 495
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 ceils) 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 mintloci that encodes

unrearranged human heavy (p and ¥) and x light chain immunoglobulin sequences,



human heavy and |ight chain transgenes undergo class sw tching and gm;ti [
mutation 5 to generate high affinity human | gG& nonocl onal (Lonbergf PR 804
al . (1994405, a, reviewed in Lonberg, N (1994) Ha?,qgg% Ab,Experi ment al
Phar macol ogy 113 49-101; Lonberg, N and Huszar, 95) Intern. Rev.

| munol . Vol . 13: 65-93, and Harding,.21FE. and Lonberg, N. (1995) Ann. N. Y.
Acad. Sci 764:536-546). The preparation of HuMab mce is described in

det ai | Secgég% el wi 6@? ﬁ{allld}l T}ﬁﬂn%twa%tlgeeé%d@ eno(nsl;g 9&3 3:91 IN& e' c Acids

Research 2 nternational 1 mmnol ogy ©5:
647- 656; TuﬂhmriblergnNetr cd.l(]9€(41%8{)e FiBOEA 74 N8 66- 859%ca9ctzor3mg1w$€ nfife &hior 3 724;

Choi et aI 1 3 Nat ur e cs 4:.117-123; Che . et al 1993
EVBQJ. "%?2‘% dg‘%‘@ eSS ’F?‘Hﬁ?& oK. ang IEsRONSE toj1 W&F““ﬁ? '%‘P% )
Lonber g et h@nan h&@?% ll%ﬁkhﬁ*ﬁtraﬁﬁgﬁﬁﬂd@ 0(.8&555\85&}mé-éhﬁ§3ﬁ1%c rhbtal(langgdf)
Handbook of Experi nent Phar macol ogy 15 113:49-101,; Ta¥l or, L. et al.

(1994) Int écrgmeta@rfagh affinim buroapig6x nemoclse (LanberseNge! afy ( 99&Mumszar D.

(1995) Int rg, N

(19990 L0t Lo B TRk ooVl S B B D ire R SOTOETS, |

Bi ot echnol dlgybétg N.8A8 HaSr, D. (1995chwreites. Jodmaibl. Vol. 14406593, aneéHhrdingby

5 595, 806: T5 bk, Noo8 e ATched S 36 Yae- S5 ol bidghanongr, TETM TS

5. 661, 016; }ﬁm&‘béinﬁ&& deBorbedin2R0il Szabn 15bAT® ad@8; Taldr, Itmhzomsez)g "and Kay,

an GenPharm nt No. 45 807 .to,Surani, et al.

I nt er natd oﬁ‘éﬂf e i’i’fﬁ &'?\%és'?\ﬂég’géﬁ‘fas’sﬂ,”’ﬂg%%) Hergadgal Fmolos 1908° WO

1993 W 955?2%’63"5&‘*““‘3?‘@“?51%’ rber 53 1 oan vy B/ prar L e 25
publ i she cenber ; publ i she

March 19, 1693) Nefvee Genesirts it e 3ok hen I gl Gﬁf%ﬁ%gﬁeg@%%?ﬂ’cor porated by

reference lmambhef &z ﬁ994)tﬂ1mnﬁlrbﬁn5@§91\292920 Ed?ﬁeﬂgm (19EnsgRMé C Nnice

described in enerate human anti - HER2/ neu

ant i bodi es.3 WN/E‘H $5rﬁﬁ;ﬁ%* Eaﬂh‘f&@ @88 YelfriBeck o Srpsrimeiih RS eie8nal

ant i bodyes 1494502/ NElbr, LHt..tWsz %cﬁ%ﬁ%nor?@bpﬁuhd%’ﬁ 3e8l59d: tRngerp Wi fied or
enriched preparation’of the HER2/neu antigen and/or _cells expressing

HER21neu, @8d @@sr@r,ﬂbét?%gﬂn_@n&ewdmmnofe% LEE f(&%k&ﬁf%& &r enddeBbesr4) -

856- 859; Fi Y\A!gsgﬂnp  2Laal-scf %8k Mot Mk, ot 8chne stg Wakfte 845-851 and WO
2 8 APR 2004 109187 PCT/ USOY 20272 -22 98/ 24 884 referably, the mice

will be 6- 1Boneukibgp4£48-83bone eontentsiof sl of wh!eemﬁlerehbrncowambé, a purified
or enri cheq Rr&pafatdiChiley. 28 BhriRE, U §PHERRON 843 Rb6:G560%28; be

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 ef al.; Intemational 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 HCOI2 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. er al. (1994) Nature 368(6474):.
856-859: Fishwild, D. e al. (1996) Narure Biotechnofogy 14: 845-851 and WO



used to immuni ze the HuMab m ce intraperitoneally. In the event that,

i muni zations wusing a purified or enriched preparation of the HERZIZnQaaPR 1004
antigen @ f@forgresult in 5 antibodies, mce can al so bgcrRpHZed W th

cells expressing HER2/neu, e.g., a tunor <cell line, to pronote inmune
responses. Cumul ative experience with v@rious antigens has shown that the
HuMAb transgenic mce respond best when initially immnized

i ntraperitopgakdsy. Prdfdradi tihe maRtlit R 6L 16 CQRPLLIR ub6EHB Hrd irdSidhY 30 . _
foll owed by every other week IP immunizations 10 (up to a total of 6) with

anti gen in E¥Eifpeuelidagptdched prpatazian (5-athee) R¥nqyontigen eahe be
noni tored o j j.zat.] r0f |,y sanpl es
‘d%g :{)ﬂ%n&;ﬁw 1ﬁ§BL?§4§|BU.§fée @@Er%ﬂ%blg{] IR RER aewrmmam%g?b

bei ng obtain y retroor asma can be screene y ELI SA
(as descri beog bperiwi or entithed prpatatidn cfulid HER®neu sritiger do wft rexnlt in HER2/ neu

human i nagl | .0, can us f fusipns. M c be hoost ed
intravenous?@%\?\ﬁ&? ?L;"?Ll szﬁtallsgg)ﬁ "g%g‘glf‘gé B’é‘#(%)'ﬁflg 3 r@?%‘?g!%%geﬁgﬂ%" FE&ndvii®of the
spl een. It td!leepegiratdott hainude @spansésons for each antigen may need to be

perfornmed. Six mi.ce Will be.inmunjzed for.eac ntigen 0 xanpl e, a
total of twelve Y SRS WBL I‘-’Wséﬂ‘bﬁepﬁ%ffﬁ%‘f"? &f"h‘ge H&Wﬁbe i muni zed.
20 Gener at i @ins@énid-bniveirebpBmBbest @H&tﬁihﬂﬁllﬁﬂfﬁﬂmﬁMﬁﬁ%ﬁﬁfbbeaﬁ@tﬂp@WiltiheS to

HER2/ neu The nouse spl engcytes can bzqi solated and fused with PEGto a
mouse nyel ofRFSER B JOMAGHEF ISERETPAGAL LIoNE% PY C YL PBEOVES K (B immuyizatphg

resul ting hybynbdWRor8Y Rith B&ILen $EMESAREeFRuntB adRIAE UL iRiAE response
antigen-specific antibodies. For exanple, single cell suspensions of

spl eni ¢ | ynfAndeypetored oien thatairseed the imanugization pieipcelovignplasmasempiehe 25

nunber of P p 06,5;1 (W3 OTHEHA CRL 1580)
wth 50% Pgeéﬁé%@%ﬁcs ar gﬂgﬁ}gﬁgﬁég?gappr ox?)r?aq%ﬁg}jp%eggdlﬂaélallﬁﬁxg% at bottom

mcrotiter gesanked befoy)) apdemicyith syffieienicitrs phanibHERYRey humaal ect i ve nmedi um
cont ai ni ng 9 : - 18% 1 . Ll QRS i 5% ori gen
(1 any 4 rip el R ae psSflok flicht Wi of B RSERIB i 070
HEPES, 0.5058ntigkh 2 dapsrbefne srstiAegvid resoval 0f binisplegmilt s enpesie than2-350siony/ i

st rept onyci i g, i s added 24
hour s afterH{rﬁgcq'faggé{)ﬂnlygg%%‘?e@@té}g%\i\ngee(ﬁss,)& (I?Q%I ‘gl\ﬁab(rag;ﬁ o %gb‘rafggé ;Elﬁ medi umin
whi ch t he HAfiiges Fapmxanpd, avotahofHelverilliMAbmade ofthd BCQ andttHEH 2 swaieened by 2
8 APR 2004 WO OJi/ 091%7 PCT/ US00120272 -23 ELI SA for human anti-HER2/ neu
nonocl onal fadll\;fea'ﬁlgmlmgfg'anti bodi es. Once extensive hybridoma growth occurs,
mediumis observed usually after 10-14 days. The anti body

20 Generation of Hybridomas Producing Human Monoclonal Antibodies to HERZ2/neu
The mouse splenocytes can be isolated and fused with PEG to a mouse myeloma

cell line based upon standard protocols (8, 13). The resuiting hybridomas are then
screened for the production of antigen-specific antibodies. For example, single cell
suspensions of splenic lymphbcytes 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, | mM
L~glutarnine, 1 mM sodium pyruvate, SmM HEPES, 0.055 mM 2-mercaptoethanol, 50

30  units/ml penicillin, 50 mg/mi streptomycin, 50 mg/ml gentamycin and 1X HAT (Sigma;
the HAT is added 24 hours after the fusion). Afier two weeks, cells are cuitured in

medium in which the HAT is replaced with HT. Individual wells are then screened by



secreting hybridomas are replated, screened again, and if still positiv

for human 1gG anti-HER2/ neu nonocl onal anti bodi es, can be subcl onddd AFR 2004
| east twyoeidyst i mMting 5 dilution. The stabl e subcl ongsygdofad,en cul tured
invitro to generate small amounts of antibody in tissue culture nmedium
for characterization. Characterization29f Binding of Human Mnocl onal

Anti bodi es to HER2/ neu To characteri ze bi ndi ng of human nonocl onal HER2/ neu

anti bodi es gfishlyer mahwﬁm}im@eu&%@cﬂ‘ohm}gwmm@@%ﬂibﬁhi@@ ORR Re@ndiest ed, for
exanple, by ELISA Briefly, mcrotiter plates are coated with purified

HER2/ neu athybrigumma,gronth qequppaedivmds ehseryed pivalykefter Wi+l dapn Hoe pridoder um

al bumn (B I i | Ut | 0 - - 'ilrﬁmiP. d mce are
added to eag re%fﬁﬁ%ﬁsﬂ%«%h@{%&, %C(r)%lngé% %afiwgy@@gl@he p ! €s are
washed wi t rnPBEIResymenvdiontlemtiboesbeandd subdidned agleast tvendt by lammg | gG 15
Fc-speci fi c;.pgl onal . r nt .conjugated to. al kalin hosphat ase for 1
hour at 7&:188%;"{(‘3}? s\{;\l%’]sehsl%ﬁ‘gsnetsﬁée ‘%%"a g‘é’rear”éwg \}%g%rgéagc %@hﬁwﬁﬁogubst rate
(1 nmg/ M), aatibbdyriakiyshedulatre mefiuaf fodétarfbdizatlnef er abl y, m ce whi ch devel op
the highest titers will be used for fusions. Alternatively, mcrotiter

pl ates are coated wi th nouse anti-HER2/ neu anti body, 20 bl ocked in 5% BSA,

and i ncubat®ryidritalibeofBihdikg 6f Burp@r Makalonal 4RIBo¥ Lo ERIInGE! | S expressi ng
HER2/ neu, e.g., .SKBR-3 tumor cells, thus capturi ng%HERZI neu anti gen shed

by the cells. DTOFbFaHS & 0lipg ¢ Regnan smpsrciar HERZFey ABiPodise PHGEI es are
added t 9 €agmi¥skra fioRLiMRRAkMEd rBslcdal vadidi, AIBLRm B bRELISECBlGR] above. An

ELI SA assay as descri bed above can al so be used to screen for antibodies
25 and, t husicroyispiaths sescopted tvibrpawifiee HERZnpw ali 125 patmt indiidwapstbiben i ve

reactivity \w o 'WQ i : [ ith high
avidity to %9 trfgﬁ 5\7/VI gg’lﬁ’sﬂu C oﬁgggém‘vﬁgft ’@%gigfpg%wgrquﬂd. One cl one
from each HyER2/dormmwitided micestraiaddedttd eachrverdland wictiyatai fot h@ hpamseni7?’Cel | s (by
ELI SA), can.he osen_for maki 5-10..vi al hank stored at .-140 C,
2nd ror ant RIS Perel e BMpReel it it Bipfiled P T o iSRRG, boares,
sel ect ed5 hylerspeifia golgdondb ecagernwonjugated teaidalibeeghosghianaseefor 1 hasles 31°Gr

| onal antib ification. S t be, filtered and
Concont 1 at e rarate B AT 5 R onet SRR ibv RN derly ke St BCe 2 o
APR 1004 W®Dbf 095L650. REatkiabS00h 204 BdeloPhtarhigesaiterPiviicat weasor NJ) . El ut ed

| gG can be checked by gel electrophoresis and high performance liquid
chr omat ogra‘ﬁﬂ?}“sto ensure purity. The buffer solution can be

Alternatively, microtiter plates are coated with mouse anti-HER2/neu antibody,
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.
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. Hybridomas 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 making a 5-10 vial cell bank
stored at -140 °C, and for antibody purification. _
30 To purify human anti-HER2/neu antibodies, selected hybridomas can be grown
in two-liter spinner-flasks for monoclonal antibody purification. Supernatants can be

filtered and concentrated before affinity chromatography with protein A-sepharose



exchanged into PBS, and the concentration can be determ ned by 03283 usi nﬂ)
1.43 extinction coefficient. The nonocl onal antibodies can be aliq &t AR 2004

and stor @@ @les$0 C. 5 To determine if the selected hu;@q I - HER2/ neu
nonocl onal antibodies bind to unique epitopes, each an |B%b%b25 n be

bi oti nyl ated usi ng' commercially avail 6_113!4(_3 reagents (Pierce, Rockford, IL).
Conpetition studi es using unl abel ed nonocl onal antibodi es and bioti nyl at ed

nonocl onal i i 8 nb f.0 d usi /n coat ed- EL|I SA pl ates
as descri be %‘18%8%’. Fi ?ao%aﬁyﬁ‘éf? I%Eb“iaﬂgf ﬂ%cg‘%f@é?ésﬁ@e EgHdi th a
strep-avi di mgapdtfirinascepigaRithednneriphe ieensi@ pdetye ik BEfENBIuLisRER Of
purified anti EOdI‘fS, ﬁﬁ?t yge ELI SAs can be perforned. Wells of mcrotiter
pl ates can BE"EEET B WP t7ne thergresptrgiongan be drisramned§y Qervsingtitddat 4C. After

bl ocki ng Wi éxhin&inBobificleRe THeth ScIBhA afiRREHe€ChnMelalqd e il siPLd ar” :| onal
antibodies or purified isotype controls, at anbient tenperature for tw 15

hours. The wel | sTocdetermpngnf the seleged: hananjanty HER2 tnen mvnndenal gri@ibodies bindan
1gM specifig i - e obes. Pl.ates. are devel oped
and anal yzeq “maG SR, SHRRIRA Y, ORLUHR R SR B SR DG ot
nmonocl onal ra#gentsdbierss, Rerkfard dLE eCommpetipn sediengingtuniabeiERMonadlorabcept or, fl ow
cytonetry c . Brief.l el |l _lines expressing . 20. H neu (grown
under stand@pg&g‘?ﬁ? %“%“554{?%{* i%dr?gﬁo?ftl nt?%ogléﬁcﬂﬂnﬁieﬁeélﬁ’?%gd‘émg%@m’rati ons of
nonocl onal @atedEddS & plaa aPBScabedtabbv. IBjotthylatdb il 8MdBQ canBe 20d@edmOUSE
serum d incubated. at 37C for hour. After washing, the cells are

B v R kAot

reacted "w uman | gG anti body under the sane

condi ti ons as t e deferminaiibe sty petTG)rifédednlibstiies, EhopSBIRIARR 580 be anal yzed
by FACScan instrument using 25 |light and side scatter properties to gate on

singl e cel |REromprdy Wellspf miGratigs plalys cagibsgoated wish 69 Be/md of mitchurasdpy may be
used (i n additi Or 4 i I I . Il s can be
ot ai ned exact Ty na’ GCSAD BhPRfle i shelfd MUK B Fehbe wARAB prator

m cr oscopy.mdieckonatenhbalics| dr pwsfiedi isugleiceattdlg at ofibiem dinviecnae fealvbs, but may

have di mi ni d Wik dependi ng on the d ity of the antigen. 30
Ant i - HER2/ n@ﬂghﬁ' rrgﬁwlgg@é th%'nbebreac e(érvflﬁ'eel’tﬂfré’é’fn@ﬂ?é}glrm %3’38’? fgv]dr?‘ts@ec(/dctgh t he
HER2/ neu ardkajjenplimsphitst-eomudtak robeg. PBiek ek ldyyeleet landxiahyaed s dcc@megel | s
expressi ng a c.H‘IJEEF\’Z/ neu can be prepared and subjected to sodi um dodecyl

sul fate polyacrylam de gel 2 8 APR 2004 WD 01109187 PCT/ USOQ 21) 272 - 25
el ect rophor esi sIn éddeeto demessvacbialigsifsnonbliens epitodice th IaRiceDeAGrestihy be

transferr ec{hé Her2/meu receptor, flow cytometry can be used. Briefly, cell lines expressing

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-iabeled 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 1gGs 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



nitrocel | ul ose nmenbranes, bl ocked with 20% nouse serum and probed with the
nmonocl onal anti bodies to be tested. Human JgG bi ndi ng can be detect @8 ARR M
anti - huwgnilegfgr al kal i ne phophat ase and devel oped wi t hy B34/ NBF; Substrate
tablets (Sigma 5 Chem Co., St. Louis. M) . Phagocytic and Cell Killing
Activities of Human Monocl onal Anti bodi2és to HER2/ neu 1In addition to
bi ndi ng specifically to HER2/ neu, human nonocl onal anti HER2/ neu anti bodi es
can be teStéﬂéEufthorE:hﬁlAfl@bﬂdctrb%oﬁ@ls”ﬂigb@t&ﬁtdﬂhﬁﬁ%ﬁﬁﬁl%@trzﬂ;@ﬂn& loling 10 of
cell's expressing HER2/neu. The testi of nmonocl onal anti bodX activity in
vitro will nigpeslintese mamprapes, hlockedvatndiiymprseserume 2 ebedgvithidsi vo nodel s.
Briefly, p%xmio%'a B&ﬂ@%to bg‘%és{ea QPP%]; Fbind ggan @Jéc?ee&%s&gémﬁ (e.g.

on

| FN-y i nduced mar cophages rom hea S can uritied by Fi col |
Hypaque deniinban Ig@mﬂkailﬁug‘muahmase ahd Idt\@mdd ith BESPAVEDT Subnmmtmlﬂb&lﬁmfg

eryt hrocgt ; V? esﬁij VN an be suspended in RPM suppl enented 15 with
10%heat-|n%e[ it ]Tof aIf serumand m xed with 5 Cr |abeled cells
expressing HER2/neu, at various ratios of effector cells to tumor cells
(ET). PUI‘IL'
concent r at | GHE!

Assays can be Ca{hlhtl&do@ibtbﬁﬁd?ﬁg ﬂxé{ﬁch@% HERQ/n%J Cﬁunﬁamﬂn@@onac@m be assayed
for cytol ymg% measuring 51Cr rel ease into the culture supernat ant. 20

Ant i - HER2/ nd BoRIRGES %aarbeewssfé fortheipabilily 19 medigiephrgocyterisaiikilirgach ot her

to detgpm meM@éEth%Emg WERLYRL S ThSte &R GRAoMbdaladTibbdy RYiCityRNAL Qiel
anti bodi es. Human nonocl onal anti bodi és which bind to HER?/ neu al so can be

tested in aprovidpan injiénl pesersing Raiog 1o estng iy weg mpdels dBrafly ﬁéyrtlw’ehcrnuélﬁari cacy in

tnﬁ?riofticggl s&(ﬂ% ese??@}h%f‘%feg?rgé\ﬂsqgg %@Z ‘1"3“'5%3&‘?% exarrpl emﬁ'asgdgbh t he

fol | owi ng cdarberdaa be pimifidad tyrfacallddypantesdedsdy rteotrllﬁlganex(ftbllmuedby lykispfbi nding to

live cells expressin gh affinit din ER2/ neu;
30"3. ) *bi nef R B ¥ ape ENerkin B alrPhidks B AT LBk et
possi bi list ywithat% hemrinadiomed fedd ttalbsehire andrnixiad &(ill’rﬁ]@rriﬂntealtglllsaaspnew:dgl es when

01/ 00187 POTFRROBS 2057 565501 spch st " B> Lein <P RfgF oG8 Aol meus

5.) nedi at i HERQMme@IWHtdan iHthbbhddedrat va@ioagm;yémn@]samdélarand«ukﬂahmgsoén cells

expressing HER2/neu in the presence of hur r cel
P g be used as negative contrgl Assays can be carrie out or ?- ours at I£7§C Samples

can be assayed for cytolysis by measuring *'Cr release into the culture supernatant,
20  Anti-HER2/neu monocional 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),



6.) internalization by HER2/ neu expressing cells after binding to HER2/ neu.
5 2 8 APR 2004 Preferred human nonocl onal antibodi es of the inventiDhArRSMN
one or nweegr@amd preferably all, of these criteria. |pcgupaibiseul ar

enbodi nent, the human nonocl onal antibodies are used in conbination, e.g.,
as a pharmaceutial conposition conprisi2dg two . or nore anti-HER2/ neu

nonocl onal anti bodies or fragnents thereof. For exanple, 10 human

anti - HER2/ neu nohpepsoniadtionnt tdliedkmessing\HERR/fhuf f er ent, but conpl enentary

activities can be conbi ned in atrﬁungle t herapy to achl eve a desired
t her apeutic or ?5’54\‘6%0(”1 g@f"‘fﬂé bitKG P}I‘qgﬂ%ﬁﬁ?%%qnéﬁrbf”"ﬂﬂﬂ $elfbul d be a

CoNposi t i ONeghdkiab MERS /RN 1rﬁt'BE reséﬂ%ggf}ﬁ%n'}%a& dmpocl onal antibody that
medi ates highly effective killing of target cells in the presence of
effector cells, @biwismaigatign b WW@ICXMM calig afteHBiRdng e HEB2memoc| onal
anti body st hat i nhibits the grom h of cells expressing HER2/ neu. 11.
Production of Transgeni c Nonhuman Ani mal s Wii ch Generate Human Monocl onal
Ant i - HER2/ neu Antrefeaedd Bendnmgretloasiahtiedicaspeetipvehtion meat ent oxxnomer adi des

capable o BRRLCRn st e eran s b b SRS Meiuian Soafetal | y bi nd
Eo HER2/ neuammbﬁfeemabke,d mi:drﬁbxh‘dt@h ag;‘asm;ihynnalcamai Wnﬁfo@mb(ﬁgorlx\x/grbf’@?@m;“ ht he
ransgeni ¢ non- nunan I nmal S, r sgeni c. m ce U mce ave
a genome coffgPP§iRY (¥R oA ?ff%] E’Hé’f’&’e? ?rgfn RiS therePtaF Pl FATPEhai n

transgene. himdicHERIhdERdnocloRA ahiilsbaskd BEViRg BiffRreRt BB LoRipldientary €. J. . the
transgenic 25 mce, have been immunized with a purified or enriched

prepar at i on3GFUGERSY iesgmbiagd inpetingle hergpy Efealcf@"f'e?(ﬁ?sé'ﬁ% hSEFPRIERZA neu.
Preferably, gibfRstic RO H]uﬂﬁh’ﬁbﬁ'Hfﬁ‘ﬁﬁ woil B4 Sompdsition cdfifinihf @R gGENI C mi ce,
are capable 0 Produ0|ng mul tiple isotypes of human_ nonoclonal antibodies
to HER2/ neutEB2¢geu hyrgag mengalogplanibody diif msgiates dighlyoffegtivg-kiling of @egshbi nat i on
and i sotype.gukt GRibRGenct SPIHPEr sSMist ssical or
30 non-cl asgl cé g egc 1Es)vw t@ éIMS &)mb gﬁbﬁza%gﬁk';rh é%B%Rzgéc% USQQ 20272
-27 The 1§esmgmc<blfﬂahalttl afhstgénmblmhe tmwﬁrpfanifmbremag HEE@/@\@mds to foreign
antigen stinulation with a heterol ogous anti body repertoire, requires that

t he heterol ogous inmunogl obulin transgenes contain within the transgenic
ani mal f unclli 8rodegranad TrapsgenivrNanbhwen AninelpWhivhGeneahte Blueinl Moweinglpnent . | n

a preferred, g IR0 yniEiLLeCt

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

20  awransgenic 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
ammals, e.g., the transgenic mice, are capable of producing multiple 1sotypes of human
monoclonal antibodies to HER2/neu (e.g., [gG, 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.



5 function of a heterol ogous heavy chain transgene includes isotype
switching. Accordingly, the transgenes of the invention are constr U8 4aR 98

as to prQoififeissotype switching and one or nore of thef@dobewtng: (1) high
| evel and cell-type specific expression, (2) functional gene

rearrangenent, (3) activation of and response to allelic exclusion, (4)
expression of a sufficient primary repertoire, (5) signal transduction, (6)

10 somatic hyperfﬂé_tdg%%x%a@dﬁégeﬁi%)nomﬂha@&ﬁiﬁﬁi @bt biBndd BRSERAGNEREI body

| ocus during the i ne response. Not all of the forqukgg criteria need
be met. For stexaatpheyith ahetenalogous entihody repertajrenteariagsihat the BEMBUS

i munogl obulin | oci of th eni i . i Yindi srupt ed,

t he transgewgnﬂjé)éﬁ’lbﬁlg{ “ée{lé %n\%%ct%@&% {Hgﬁ? gﬂet%g%%gicgﬁ"ﬁ ?}% %h@?@#nﬂ)& t hose
enbodi ment sihrvhghe it thetgathway afiB gelh derewpprents ds aprdferrecitembodinient, corsact anged heavy

and/ or li_ght chain i munogl obul i ene, the cond criteria of functional
gene rearr PW@’%‘?%%@%‘%@%%&V% téat"§$eé'5é’1°?@8?’s?‘1¥3? S‘f'&é‘r{@gene which is
al ready reaptanggtly, thé@inshaekgrheinde@ion Bl @asthaled isomNQralyye iss®ps
Fundanent al | munol ogy, 2nd edition (1989 liam E.., ed. Raven

. Paul W .
Press, N.Y.swiighingrang 8§ oraperp el ths Edlopinge{1 h%f}‘ '?‘G&j?‘é“f%&lé?‘ﬁ?es.pe‘?‘ﬂc certain
enmbodi ment Sexr?:rélgxoxg,r(gmgﬁmnﬁl A e IR AN (TRAG vEiSRIbIlaAd BeRakeioalltie  human
anti po

nonocl onal bodies of the invention contain rearranged, unrearranged or
a conbi nat exsiusish, (4@ exoressige af andficient EMARTERMOHEL(@} HRRGBERSINGHIDA8Y! obul i n

heavy ang Light ehaklalibR BRO0NESmnRid ¥t EFHLLAE aRfodiffochs ansgeni ¢ animl .

Each of t'he heavy n transgenes conprises at |least one CI.1 gene. In
addi ti on, tmmemiyeaesposdzai n transgene nay contain functional isotype switch

sequences, Whi ChNgiraZI oqmafgéeg?iﬁécrﬁ%ﬁ’{"?{gf’EQ%E.{-S‘%“&P'&W%@ ng of a

het er ol ogous transgene enco genes in the B-cells of the
transgeni ¢ ambotiimentSwhbéreimuhd anbdogeecuss moesoghalulindodilod e ahigehicomowt afat ural | y

in the gernline | nogl.obulin | ocus, fr eql.es: th ryes as the
source of tﬁ%‘cwﬁi'%&*@gﬂﬁe‘gﬁlﬂ“&é &S’ ,EEdo'LDI gép&‘;ﬁaga\}\hg'?cc%cgégﬁéﬁ%ré%?’rlrgy be
derived fy omockh@ssbdvénthwhean theitansgehecpecessiunétanallsreamanget biaye t he

L ansgene caRLeIiH cimmr ogR B Psdarb s et bR R afec Ty 2 6 arw
2004 VO 01/ Q@ kBifpeRieh iVt A0RY, 21 128 fqarin wassgandwhjbieis drestyvencapgaf i sot ype
occur  mat ur 5 SkpouHT BIGE R EaTgneit o Bedenena et shg b ol "
SWi t ch sequeiuRes pakieyPiink Bl, & Raléh Fred3CN N0/ whith 18 ikdoeparmersieerein by
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 Jocus from the species that serves as the source of the
30 transgene Cy genes, or such switch sequences may be derived from those which occur 1n
the species that is to receive the transgene construct (the transgenic animal). For

example, 2 human transgene construct that is used to produce a transgenic mouse may



switch reconbi nase enzyne system whereas the human sw tch sequences ﬁhﬁﬂ
not. 5 Switch sequences nay be isolated and cl oned by conventi onal CZ #920[14

met hods, weyo1 /iy be synthesized de novo from overl appi pgr/8sohess i C
ol i gonucl eoti des desi gned on the basis of published sequence i nfornmation

relating to i munogl obulin swtch regi.op. sequences (MIls et al., Nucl.
Aci ds Res. 15:7305-7316 (1991); Sideras et al., Intl. Inmunol. 1:631-642

(1989), whi&bd@whignspﬁmel%yeﬁiwp%ismalﬁ?g@Jeﬁ{s%%):mg&%t&%n ch of the

foregoi ng transgenic animals, functionally rearrange eterol ogous heavy
and |ight clsavescesFnte g Bosd that acparmatpesiysn ghegndusehehviy nhaan Bicgmes | cant

fraction of - . i at least 10 percent).
The transgepr{g%ggggéﬁe?%t)gsgﬁtevpg?geqﬁjﬁggfggﬁ tgrg%?ac{ggéﬁ?cr%% 5y nﬁ?h etrﬁéusf nvention
i nclude a dveahyecoinbinasetenayrsgeysent cwhprehsihajubifsvdnhaedueacedtrelreast one

vari abl e.gepne, segnent, 15 one diversit ene segnment, .one jo| ni ng gene
segnent nceisr’]“é'f&lSg%%e{’ce(gﬁéay(%r\%qtlag?ﬁ/a"rdé&%ﬁgy @%Yémg’é‘@lrﬁiﬂ?rfg '?ﬂéc’cgs gl obul i n
l'i ght chai rbetsymnsged e aovpiiin @SerlANPing BEARER®ligbnucle8Adds dedighed 3R RDI € gene

segnment, one joining gene segnent and at | east one constant region gene
segment . T%%Qﬁ%"bé‘gﬁéﬁ‘wn%ﬁggm”ﬁb"’t REPg HmmRae RRd P ERAIE 9Gene

segnent s ar@gma@r(mimuﬁ, N1 LNt AN 9805 -G 3 0N 9PUNBReA0LHR! j0hn that they
are derived 20 fro or_correspond to, DNA encodi ng i mrunogl obul i n heavy

and |ight chaioldrel 662G EM: Whicharm incaprreted bemiptbyaelasnedi ng of the
transgenyC fRRsdurRe BRERL vahdteABEnnARPRAL G REldNERLERRgLNIE LT ansgene

i's constructed such that the individual gene segnents are urrearranged,
i .e., not rhsaryanddutt dhenammunoglebdiretransganacare fvatl in 2 sipmificegl Ghoionef | i ght  or

heavy chai nme§_%nsmﬁg@&{sgé(},?ﬁ%i{ngp(%@%p?@‘?égn ort 25 reconbi nation of the

V, D, and J gene segnents nct1onal rearrangénent) and preferably
support i ncor porlatiremsgetesakdd torgerergo theitmnsgshicanimal egfileningeamnen selydeat in the

resul tant rearr d i noal obul heavy chain within.the transgenic

non- human l?ﬁ‘i'yrr%ﬁgg’\atﬁélﬁégggﬁ%s%?'?%bﬁﬁeen aHZ??Sta Vgable gepe éerﬁgmﬁ%er nat e
enbodi mefit , ork dévetsitpgagergsee pomediamg@andsep @antraad geleast thedonstd rdgius” . Such
transgenes typicall Qnprise uhs tial portion of C, D and J
segmagts asge\yngelg"ﬁgye—{% 5%@3{“’%&'{%}?@% %QWérag H%ﬁ?'gf?nsﬁbg(éceﬁc?d?%gene
const ruct s, ledshene vaginble gaersegriéraf @ik joifdg geriroRgmen? afid atléANdHe&bfistaneNhancer s,
cl ass switch regions, erI ice 2 8 APR 2004, WO O /091&% PCT/ USOQ 20272 -29
donor and SPHPPRESESEAPTYr MUCRNE Stasenissncedipe hr fehtaad Agpvy FR&Hnat i on

si gnal s andsefhents hre kererold@oly loXRe GOIsEQSOMIMHURINSBEING ACAS (B8 dry/&GhivEd om t he

het er ol 8gou§0le\ol¢\bor§eusch d . ) ) )

\ pond to, DNA encoding immunoglobuiin 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.¢., 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-



regul atory sequences may be incorporated into the transgene fromth% sane
or arelated species of the non-human ani mal used in the invention{ BRASR 2004
exanpl e,wHyiigp | Mmunogl obul i n gene segnents nmay be GeFRIsHER 2N a
transgene wth a rodent i mmunogl obulin enhancer sequence for use in a
transgeni c nouse. Alternatively, synitfetic regulatory sequences nay be

i ncorporated into the transgene, wherein such synthetic regul atory
sequences @hf,rAnk sHRIBEAPRYSedulncds Tl RNA B3dssiFh AR AMIRNGSsip il anli the known to
occur naturally in the genones of manmmals. Synthetic regulatory sequences
10 are desilign@dmdwomemnﬁi@g@msmsd@riwedrfr@m,th@hmwolasqus%li%eﬁmhpl e, those
speci fyi ng 1.SSI : i I a

ot oot or  afviies? ShlRat Biaf o2 GRUERGRD Rl  ARGEIARIRELDl SbIdE B

t he genom gpdcieswliognohdbinan kidmakushdin thginvardtione8etexamplej mtneznnal (i .e., not

at a terﬂi nus of th@ portion) del ehi on of [fl non-essent.i al , DNA portion
(e.g., int&PRERPEIPUIREERGEEMERNMRYRT PMYBSY P SATPREPLEH @ KMo pared to t he
15 nat ur al iMmQESAISHUlINEnEEH seq\Rndedfol GUS a trhfbgeniPmelRl nedrmatiaedi ment of the
invention, the transgenic aninmal used to generate human antibodies to

HER2/ neu c&HBEHESe@Hapry S8quUeptRs May PR incqRojatesl inlg thepnseede, her§1Rp &b 5. 50 or
nor e COpipa%r?ﬁetfc gg%@g%gﬁﬁﬁca%%i R&Holbfos XA RIn&ticha: IO A MR ueR&/1RAS84 (e. 9.,

pHCI or bre an ani mal containing a single copy of a light 20
chai n t r angpeetoeeseriabaelly in tesrpnesofanangnaly Sypthehoregplalpry $8pepages,  and

the of fgpri . | e | R I delFyi le 10 of
V0. 98 2T e e R B S T B ed by
ref er ence. plumissibhle sequencos efth spichenseptpysigior ¢ pfoprotesigalienedr mdidsEort hree traits.

Such ani el . MY iRl RlchAling . 90K LRSI cefbrit ithEnaGRBNLA RELs 1AREC d Set
of chronoséiee) —6f™a Rumen eavy chal n unrearrange m ni - [ocus

(descri bed at kastxasninkteznal Pi.cofnoWd a98h{id&84 Yhe pariginhdilaiooopy nfmessettiapl oi d set of
chr onosone f rearranged. Liaght i i bed in
anpl o 14 DF Podioh b RSk i An S B SAROLERPA b ek iB5 Bl 12, 2,y
chai n | Dt usatubdiy-oct@riny eandink Iplocishe functi onal JH segnents (described in

Exanpl e 10 of 98/ 24884 Such .ani.mal s are bred with mce that are
honozygous forvﬂzpﬁﬁﬁ"ggf%‘ﬂ?"%r“e?‘r?é‘ n %g%éﬁ%tﬁatnggcp 'é)?gln"fﬁmélsse%i% of WD
98/ 24884) tgendpite Humen aftibsdies POHERMGeuatontalin ADEYSY ontsS typizally 2416, ahd1 del eti on

and hem zygous. for_the human heavy, and |ight chai.n_construc The 2 8 APR
3004 W 0 AOBREmET LR erS §erro of theRmetent Desr SO FereP e £ ROoat od it h

anti gens ang used(efodpHT 108 pELG29 bre fvithiumanimarosedihiag akingle copostiadighagai nst
these apti %ﬁzgxsl transgene described in Examples 5, 6, 8, or 14 of WO 98/24884, and the offspring
bred with the Jy 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 Jy
30 segments (Examples 10 of WO 98/24884) to produce offspring that are homozygous for

the J;; deletion and hemizygous for the human heavy and light chain constructs. The



B cells isolated fromsuch an animal are nonospecific wth regard to the
human heavy and |ight chains because they contain only a single caby ABR 2004
each genwo opodgrt hernore, they will be nonospecific wgddrni®@ganes to human
or nouse heavy chains because both endogenous nouse heavy chai n gene

copi es are nonfunctional by virtue of-3ghe deletion spanning the JH region
i ntroduced as described in Exanple 9 and 12 of WO 98/24884. Furthernore, a

subst ant i alredulia tahidihlPdre th)@168 VAl dnfigdhls hhd Bed 1PRsREGIT dfhuah h  regards to
t he human or nouse |ight chains because expression of the single copy of

the 10 redR"RAGER| aptibRties REAiP ieseansigsnsgene wil | allelically and
| sotypical |y exg uleibhied RA SARGPIRAL £ nAGpBRAPGRA RS DR GuitaAN | amDda
- C S. e

chain genes In a significant raction o ransgeni ¢ nouse of
t he pref er rheavyeand dighnabains hedalisealdyi dontain oo gglobepyiof eaghrgedeict i on with a

significant.r rtoire, .jdeall upstantially simlar to that ,of a native
15 m)use.é fﬁ‘&ﬁ?r%}‘%“r thec a\""r%’}:l):gg,molr%pécr’rﬁ%gﬁﬂrée ?S\}{%@’f’émt%glogﬁeﬁé\%%hﬁg’sl g genes
have been iteambd bah esogeivds inotistl hehvynahamgleadbetpiad alenombfisictidral by @ngeoff r om

about 0.1 to Im of serum preferably 0,5 to. 5 ng/m,, ideally at
east aboutl iRy SR A e RUGRied S dksinea OP R il & WA toh to

| gG from | gighhess EgMeinitiré, QAUSRGLAITERUSNES the BREGOHIIDbe niHdGRcific Rathadul t

nouse ratio of serumlgGto IgMis preferably about 10:1. The IgGto 20 IgM

rati o will TBETIRIE HeheREp of movssdightriatng Pecanss saaression Qfdbretingle copy @dthsr t han
about il@%rea‘?nfaﬁé&ilr }ﬁ:ma)é WAkt %Sﬁp%éhg’gwiﬁ Q%li_%_&g{gea‘ﬁ@ iRRdidadeRpees B cells

express exclusively uman G proteln. repertoire wll 1deally

appr oxi mat eedrtaagensdnpwithe endegamns toasesgeudilonbiawsan genes bad Signifitant east about
10% as hi gt};f lpre‘;{féaem% 25 to 50% or nore. Generally, at least 25 about a
t housand di' fFerEHt™ FHitunogl obulins (ideally 1gG, preferably 104 to 106 or
m)(rj e, wWll be pﬂ‘(ﬂdttﬁlgﬁécniﬁm@&ﬁdifﬂ% pbé ety dmbod Ditent hﬂlh Miﬁ?ﬁmnﬂfnogl:afng&:’ent V, IIJ
and D regions introduced._into the npu enone, These i ogl obul i ns wi
Lypi cal |y~ FRSHRN b & HEUFCTh Epragire. GEoIRGREstETa iy SRVE RAEH GLATEEr of i no.
e.g., staphyduae oTkudsior BXaaiphd, th AnbolifintsdlheYe the BRiokSAD4E QOtdBhdve Sesid | |

exhi bit an aff.ini t¥hfor presel ected 30 antigens of at |east about 107M'1,

pref er abl y Bactiyaeds thedgiglimmupgriobulindgyels wllaprgedismabout 0.1 &nkl madyd of
10°' M, 10" Nbjum, pRTefMIy 08ho gﬁ'r%ﬁ’tﬁ@fdeal%' A JeastBola1PH3MI WHenGriRAiRhe 2 8 APR
2004 WD 01/09187 PCT/USOQ 20272 - 31 |n sone enbodi nents, it may be
pr ef er abl e Perblfctfeffaetmes swatcho IBG framy kM hasi heeriinrp@ised 4t thedrapsgeritni t t he
sel ection Qfoue IRNRANMERSEREILEGRIMIIAR 1805 PREYabIPRRDER] I PheéllaG 10
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 1gG 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, Jand 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",10"'M™, 10"2M™! or greater, e.g., up t010'°M™' or greater.



predeterm ned antigen type. A heavy chain transgene having a predeterm ned
repertoire may conprise, for exanple, human VH genes which are 78 APR 7004

pref erenty@bisigssed in antibody 5 responses to the pregefesdhmnesd antigen
type in humans. Alternatively, some VH genes may be excluded froma

defined repertoire for various reasonsi{e.g., have a low I|ikelihood of
encoding high affinity V regions for the predeterm ned antigen; have a | ow

propensity to Uﬂﬂ%éﬂ@eﬁ%@ﬁlbﬁs %%Ibe%ef@f%ﬁe@; %én@ia‘ié’mﬁ@%ﬁhﬂ%d@ﬁmi‘ﬁéd are
i m*runogem c to certain humans rior (0] rearrangerrent of a

transgene CUWREINH w:mmheéeisctweaw QEGQSGFPTFSCQM Incihe pRfibgen EeSERSRioR s, such
gene segmenﬁ n% Eﬁ%\%} gy | dentd I:Haﬁ'nqrang He h?s){n%? lkéﬁét anﬁéd' O r3lre DNA

sequenci ng, species 0 n smo transgenic
ani mal . Themtay acnsgesm for mampleohumatneVI@lgemeMﬁnqhmveamiemntldamsmm amhrbedyzed Wit h

a purifi or enriched eparation of H R2/ neu, antigen and/@r cells

o orbss S0 ieresritat, HaTreBleFRRES i f Bbe TSGR A AER AR VA SRS 2 &
celI's whi chmapdeeguded ass:- asd&ﬁhahbmo\te for varrwsaéarsms(ggnaax&vu Ibwh

reconbi nati on_(ci wi tchi.n ress i | obul.ins reactive with
P N e B o BRE R e st B 2 I9er i n
t he heavy aﬁ}dpéﬂsﬂmo rlaigh scﬂﬁét%ﬁﬂﬂitloﬂ@ﬁd affifite agsarhgbyr di@hulogans gene
sequences, whi ch may i nclude sequences derived by somatic nutation and V

regi on 20 r EEGHIIUTEDYY i TAPS, jpaprrmema%e%vqoféémg%&em FOREAIRIAR YIS B&ytences;
these hygan,SEHYaRGEeenk RRRAG! Q@hjgen@§eg;@eatshﬁayr&fre£om§ddetn9ﬁ@@ elgeb)ng

substantially identical to a polypeptide sequence éncode a human VL or
VH gene seghxhmdizatien of Piifnaeaugncing: agbeinglrip aspecies g bor2aHeny @H‘%%Pﬂéﬂ“e
non-germin l‘@@ &gﬁa@ may be present as a result of somatic mutation and
differentia V-D-J reconbination joints. Wth respect to such 25
human sequence ahiitbosieais michef thepreshl iavengigh eansbegmmamizhd sithiapudfied t ypi cal |y

at | east 8001' e%%r Ee%&&e&:%&%gg ﬁgﬁ?hﬂ%ﬁﬁe nt molr @815%}{51’!:551 Ri/ Hm} zﬂe case of

heavy chai ns percent of the
vari abl d5r egesonlsd@reymmb/oamnby \Ahihzmdluce@ecrem wh@hsuedmgmde@ spriekiegviaon t he

transgene; often tghS (?J}l%gﬂlon is-SW) c%m iagt{]&gre\ég{%ﬁ%% obglgrlson sequences

are encoded "tl)ry"?nnsﬁé]e SW' mer e sequ nces ransgene
However, si mamaomﬂgéﬁlkﬂ/nﬂe Tsheammnmgﬂnbahﬁs danbe buiumeskqhgncs mtabbﬁics mut at i on

200 V9,209 YRR Shr % o Sl OGN ERE S 3BRE) o hadgtiont | Peve
sequences) wWauéiltesvhidhGhay 1ﬁc18de/k9&eﬂ&ﬁdefi/®d 03 /0848 /maTdnisdl R@E2 32
20 recombinatorial joints, as well as germline-encoded sequences; these human sequence
immunoglobulins can be referred to as being substantially identical to a polypeptide
sequence encoded by a human V| 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



encoded by human V, D, or J gene segnents as found in the human
transgene(s) in the germine of the mice. Typically, such non-gern}§n€R 2004

sequencegopPbsigndi vi dual nucleotide positions) wll clusi@hndafy Or near
CDRs, or in regions where somatic nutations are known to cluster. 5 The

human sequence anti bodi es which bind tgzthe predeterm ned antigen can
result fromisotype switching, such that human anti bodi es corrpri sing a

human sequencsied Yy Blrpadv (BUsk gase éélgmebhgés foA®in 1RE hiisan t?d?@% gk sequence
i ght chain (such as K) are aﬁro uced. Such isotype-switc uman sequence

anti bodi es %Wéﬁ‘)ééﬁt'@r-% Brnicadly, sveh Bon-gamling seqnences Gooﬁ\dgyduai Ysteedd y in the
vari abl e r%blﬂ&s?ml AL&&n bPndF CgR L PR S%‘Qrﬁ% Ft]?csllngﬂﬁ’ GhsQfe @ CDR) as a

result of affinity maturation an ectron ant| gen,
parti cul ar kpowulps@desirent t o secondary (or subsequent) antigen chal |l enge.

These high aff ies na ave |nd|n affinities
of at Ie%st 'ﬂ%@}’rﬁ}\ typcl%gg)f)‘?gs WF bglé}gt E’)?rﬁ\élﬁgrrﬂ}lne ﬂ“@&‘h ly nore
than 1 x 1(Bdsﬂ|tlfﬂbh1|s@tylpb mmhmgrmsh thaxinibkhGintidddiestcOmbriding 8 hurviin seqiiengd eat er .
15 Anot her aspect of th ention pertains to the B cells fromsuch mce
whi ch can Yﬁggﬁgsé‘ﬂh 2o ﬁé’?ét%”ﬁ%‘?‘fﬂ@ﬁ%‘ SERYSPESlighh ghaiitrsh 48ddEs onal

ant i bodi es pyduuedd. Wupilisotdphd- O idn@8 hidhhd flqhdnct gmgaod:egf)ﬁ&{c%%ta‘im{l A mbrel 09 M)

to HER2/ neu Thus, in another enbodi nent of the invention, these

hybr i donms Samaliomeertionss)gupiealiytia the ‘@@ﬁblesfraumbwd ofiemirdravithn eheut Hhunogl obul i n
having an adddubl &dh EBRFAAVesdifRarRinydh B nd'ng
HER2/ neu, V\/nseruel n asallggﬂsmm%olgﬁogminlyn %J(l)r%rrgﬁ %@ssgle&%uonml?nceégb 8{1@?&

chain conp@séldulerﬂy fubpequentitg baconduay (erealrsequshe anteggh ohallehgey i Thgseahigiol ypeptl de
sequence i i t, i | S nce
encoded b%kﬁ{}ahﬁm%%e%héﬂ% aﬂldo\élelsg')edg ha&aﬂnﬁ& ﬁ%gﬁgﬁleng’e 1eatcsitel ?& 2) a light
chain con$:tm¢aﬂly laelgasmﬁ xha?/hhgfraqmﬂyp'epﬂuhaiel séq'ﬁmtend\lsnrmdnmes 59<ulhi§’t antially
i denti cal tw;% o poeptrl ge sequence encoded by a human CL gene segment;
and a humad’ sSquEhte *hed& 2 ai n conposed of a (1) a heavy chain variabl e
regi on thavi ng Anpuhbr}qapqmt oftiRe spepingenuins whhé B cslidfsdrabichahiky whideedn cal to a

pol ypeptid uence ﬂgdb ahu n VH gen tiqnally a D
Pegl on: - anke SHURATT DEGHEHES Somtting Dymar mEMSloaR By S HAARG a
pol ypept i dmﬁﬂﬁgjﬂfﬁmw@lgq lRrdater sHah etary’ ivl ) oy HER@MHeh C Thus, 3inbMen pol ypept i de
sequence en%&ggd gly human Cl-gng Be sde ment. 2 0 APR 2004 WD 01/09187
PCTI US00r 262 P34mear of the 1RespupRshiehty Hido a@ﬁ”é’ﬁ‘?"i ‘RABERFTHEAEAPRSHIE! onal
ant i bodi es ¢a@afisusd an immunoglobulin having an affinity constant (Ka) of at Jeast 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 substantiaily identical to a polypeptide sequence
encoded by a human V4 gene segment, optionally a D region, and a human Jy segment,
and (2) a constant region having a polypeptide sequence which is substantially identical

30 to a polypeptide sequence encoded by a human Cj; gene segment.



HER2/ neu is facilitated by a nethod for expanding the repertoire of human
variabl e region gene segnents in a transgenic nouse having a gendBeAPR 2004
conpri siwg ¢@bikNt egrated human i munogl obul i n transgeRgy§@edsmet hod
corrprl sing introducing into the genone 5 a Vv gene transgene conpri sing V
regi on gene segnents which are not presgnt in said integrated human

i mmunogl obul i n transgene. Oiten, the V region transgene is a yeast
artificial Chroﬁ‘ﬁé@é@loﬁﬁféﬁ{ df‘%%hgaf m%&ﬁaﬂ@n&focl@nﬁ‘dHﬁ’d&d\éb‘aé%ﬁnsV'— (VK) gene
segnment array, as nmy natural occur in a human genone or as may be
spliced todé&ﬂ@émeusefvaﬂm@ @Uwethed:&mrcmdmgmrhmgire ohiuctanyayablecl ude
out-of-ord r nore
functi onal ‘?é;.&{ %e%@"sée%&%s mqgﬁrﬁgs eé(r%tngo?l%ﬁ%n %%%Bﬁ%o%ﬁprlsﬁﬁihﬁé %F‘foatl on, it
is possibl éwtman rm:haenag]dbuansgmgme dlmethpd ooiummhgnytrdsdmemymm e gehadie €
expansi o ne\; | wherein the npus resses _an | obul i n. chain
conpri si 6%['F| EGiE e %od?lﬁﬁ'%eq[f’@l’?&ge %%egﬂlgﬂlsw"cg &F nr‘)é SR PSA segnent
pr esent on mt'E:é,'l’@te?i/hﬁlﬂ@l BinéiogbbURNRarpche 2 Ofich QB¢ Vie@aCOAegno A Jeasthuman 1 g
transgene. nmeans of 15 the V repertoire expgnsi gn nethod, transgenic
m ce havi n@ﬂéﬁCI%' gIemorPIRR RSN pgé*r?ésof agawarbEHgéHefc‘é@&aﬂe K8MeHn nice

contai ni ng a@h a@?rfaS/ n@RLAYy o€ur Yn JRERS QinoMB bEas AR sWlicedGRIREINENT S MBY be
non- f uncti ona ’f ., pséudogenes and the like); these segnments may be

r et ai ned orsemelbéy s%cp@émavrens}h%i whighimay inclids ait- ofziider sRemBEd Vaaeas | abl e to
the ski d ! %ggrffi‘éntté Tikn a't ?Qor@ﬁn&}&ﬁﬁ \i E&]e éntsHré mn'lanr?ed Qﬂ%hebeen

engi neered to contain a f:iunct| onal YAC having a % expanded V segnent
repertoire Y&@bbﬂhﬁt‘fﬂmlioyl hétpopsible dnmakers ransgdniamaouse groduqedlhs@fafn‘é cont ai ni ng

the J and i nto ot her
goneti o badkaTasapuat pebd SHd be CRe BN I I R ARBH B T ° i n
an expandeatoMps’eggmmnatbbpegmmsaqeenw ehroded bt § reginmgee segaremt praenhavi ng a 25
et BT B SOORE AT 6 A BhSaIFHL 808 AR R BBl P ¥
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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
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IV. Transgenic animals containing rearranged heavy and rearranged light

immunoglobulin transgenes.

20 Of these categories of transgenic animal, the preferred order of preference is as
follows I > 1> 111 > IV where the endogenous light chain genes (or at least the K gene)
have been knocked out by homelogous recombination {(or other method) and [ > 11 > 111
>V where the endogenous light chain genes have not been knocked out and must be
dominated by allelic exclusion.

25
1. 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
derivatized 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.
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enhancenent of the
expressing cells to effector cells, and trigger Fe 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 (inciuding 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
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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 Fey receptor classes: FeyRl
(CD64), FeyRII(CD32), and FeyRII (CD16). In one preferred embodiment, the Fey

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

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 FeyRI, FeyRII or FeyRIII 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-FeyRI antibodies useful in this invention



the Fcy binding site of the receptor and, thus, their binding is
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hybri doma producing mAb 32 is avail ald? fromthe American Type Cul ture
Col I ection, ATCC Accession No. HB9469. Anti-FcyR mAb 22, F(ab')2
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li gand bi ndEMPradishepnemesne (odkl) l9Eaieqd ohedopRISmedi r Jhisgege is ?0"51‘0, 1992,
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i nvol ved |r?y't° i mune’re as opposed to the
cogni tiye amehunology 16:423-440). Four FeaRI-specific monoclonal antlbodues identified as

A3, A59, A62 and A77, which bind FeaR] outside the 1gA 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 herein, the term "effector cell” refers to an immune cell whichis
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,
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a human non onal anti1 bod bi'specific or a nultispecific | ecul e) of
t he i nventi bpint¢nfergr ginena éENer)cblilﬂs eernegd expressidnangedsecibe Eytpoxig acietity
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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., Intemational Application WO 86/01533; Cabilly et al. U.S. Patent No. 4,816,567,



substituted. (see Robinson et al., International Patent Publication
PCTI US86/ 02269; 30 Akira, et al., European Patent Application 184, 8% APR 2004

Tani guchiyg dYleigiEur opean Patent  Application 171, 496; Wﬂhs%&fhz?zt al .
European Patent Application 173,494; Neuberger et al., Internati onal

Application WO 86/01533; Cabilly et alagU S. Patent No 4,816,567; 2 8 APR
2004 WO 01/09187 PCT/ USOQO 20272 -39 Cabilly et al., European Patent

Applicat i Oncét?@v 028, Eﬁ@ﬁéﬁﬁ?a{%ﬁt ﬁﬁphcétﬂo%%s §§3 fmﬁé‘r et 31499§§)§31er1cQ43) Liu et
al . (1987) PNAS 84:3439-3443: Lid et al. .l mmunol . 139: 3521- 3526;

Sun et al. Z4RE#H)-1PRASL B4t 21498 DPNAG %B‘iﬁ?ré%thabl al., 19497J. Iomwool. Res.
47:999- 1005 1988,
J. Natl 5 Céang\éyfeB?qPﬁg? %56{%5@@%?34%%@1%421%@”%@@r aaﬁ'? |p’b QVYE:ang:] I%Ies further

hunmani zed by7: 999@1@6; Vv@od;e@he(m%smmrd311@:44E\A4Q,wnd5bh\eelraégilm WNath are not

directly ol ve bi nding wth equival ent sequences from human
Fv vari aBI (\ff“lé:@f Fls ?ﬁh }gg{% reviews of humani zed chineric antibodies are

provi ded by Mor rTQRimepic ahtibod}8dbe Deh@MMariZéd thAORaddDkqasdedyf kd et 10
al ., 1986, BloTechnlques 4:214. Those. ne

t hods include iIsolatin
mani pul at i nkY Valible region which A nehdires lﬁl”é{P]é’e‘gE’la&“%"é‘ with Ffﬁ’f"ag‘*ﬁ‘&ode all or

part of I MuReGl-abidh Rufiva Fwaerriaaielrggérggmn&alfre\gmsa&fHuﬁfaﬁf&e@aﬁm@rﬁc a heavy or
l'ight chain. Sources of such nucleic acid are well known to thgse skilled

in the art amiodienare eseaidss by MasysopeS.-dt @8 helgienserd?d ARA2-12¢pnd pyiQieh) | bl | 1 a
ant i bodxoprgqu%@%fmpﬁmmgafu! h%a&%amdemud%aﬁ%%wmﬁ ahg Chineric

anti body, or ‘fragment ereo can then be cloned 0 an appropriate
expr essi on expressing th@uiutlaislaeidiseanendes gt enepddydliir@art efimmunogiobakin be| y be

Nt ur o 3217 B0l EHBR G RIOR, dhe Bt FEAG PSRt Slyeed O0RE St ier e
al . 1988 J. aewmlirkobwn fodthostGkiBled 40B6Oart 28, Kirlexapfple, ey GORbtafed &ropafb3 cul ar
huTn N T OB, SRS A 8 T PN B T COF
necessarly t chimeyit atidody)er fragnipr t}mfeof;DRstherebpnlmed iftoan hppmﬁr'ng: of the
P 2, s 28t S LGRS DR S AT 2o b e
human ant i bR stbithutinCDR Rhent §,225 539omoras arah -1 BgEmureddiat iSb2EYS; W nt er
of "t he pr ecYRPORIENE: S CoR e ENe hant PEar o coss  dganan 1By on o
4060.
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. Itis 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.



March 26, 1987), the contents of which is expressly incorporated by
reference. The human CDRs may be replaced with non-human CDRs usi nfB APR 2004
ol i gonuclhyeqjijesigrsite 30 directed nutagenesis as descri pegudpddpi er nati onal
Application WO 94/10332 entitled, Humanized Antibodies to Fc Receptors for
| mmunogl obul in G on Human Mononucl ear - 4¢°hagocytes. 7 8 APR 2004 WO 01/ 09187
PCT/ USOQ 20272 -40 Also within the scope of the invention are chineric and

hunani zed ant i bodi®®ithin theWabge b G Riehtion AEIcARneRE aHS hikANMRzcAQRMHoAIB S | t ut ed,
del eted or added. In particular, preferred humani zed anti bodi es have am no

aci d subst i Yhieh $18&ifiF aminqecids Amepseksubsigfiis, deleseskar added: dn parpgfFd#e bi nding to
the anti genprel%ﬂéd R & ﬁxg'ﬂ.ﬁd@sﬁ miﬁc@&inﬁ{hﬁaktﬁﬂgé’nsgfn R \HaREw q.g of RS,

am no acids located int uman framewor egion can be rep ed with the
am no aci dssurlbest edprave binding or thesmigedi hig pasple ordhumnzkbambode  ant i body.
Such subst i fyll, o032 BrENOMA, LoxIIANeoRdiAg. ok RN zed ant | bodi es to
the antigen 1 n®sone Irnst'ances. Anti bodi es 1Tn which amno acl ds have been
added, delreplectd vath thalsinb acidebeaedatnied @iregenting pesieons imthe maisd | ed

anti bodies or. alt d antibodies. 10 The term podi fjed anti body is al so
"t enged t o REDL SHC PR Kot (PR B} RO Cdiek By oy
anti bodi es, thaaligby FPddiréerhtanotd. Potibeseshivdichayigo Ba@ haveBebnfadadd, by, e.g.,
del eti ng, addiqr:jg, or substituting portions of the antibody. For exanple,
an ant i body %A, BeSURBUYIFS ¥ rHFTHEP SETEHES MR Esret BRfie B glard 4nidodien! aci ng
it wthga const@pternSid@MedBaBSdViQalsdmiPBSPoNA idd dntiBodi@; Sich a$€r UM
hal f-1ife, stability or 15 affinity of the antibody. Any nodification is

wi thin t he Rerslongantippdisspchamencantisediesopngl humanized aphogics which haygpeen

mul ti speci f:&.&digpd BE Wlo€ dhasn Ahadifa st Bty BpHEhsRIr Bl BGbdagOFGN  Specific
for an FcyR and triggers at” | east one effector function. |sloe_0|f|c and

mul t i speci féxempis) acantibedystan bp mogified by delptingcthe censtaptesion apdhigelacig itng

chem cal t i , ¥ 8d.) . FF Nat | . Acad.
Sci. 20 Ugﬁ@%?@g%%@&ﬁ%gr%gﬁgwe%%c fnf?%é?-’(%‘te“é" i)t °4, 474,893, to
Readi ng)l; oaffiniteefdhbantibedy. BNA thedifivatiqussvithimtheacepeaithennvebligpsedphig ¢ and

mul ti speci f}] A r i j ] ed by

Conj ugat | ngvReTIEReE AR B SRR AR M. W2 Rl Bl SR BRABLEATE XY e ane
ant i - HER2/ nspacifit fodian §oyRpenditfipgeird 4t dast ans effertonfuho@da. known in the art and

doscri bed |1 29 e Falpl o8 BLOY S0 N PR Kok (KRB £ 236 DL 1D,
separ at el y @i} dhbaitalediniéged @k .9, DI, 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 descnibed 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-thicacetate (SATA),

30 N-succinimidyl-3-(2-pyridyldithio)propionate (SPDP), and sulfosuccimmidyl 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




anot her. Wien the binding specificities are proteins or peptides, a variety
of coupling or cross-linking agents can be used for coval ent conj 2g§atRRoli0i
Exanpl esw@fy164:@8s-11nking agents include protein A ggragdiikide,

N-succi ni m dyl - S-acetyl -t hi oacet ate (SATA), 30

N-succi ni m dyl - 3- (2- pyri dyl di t hi o) propisjonate (SPDP), and sul fosucci ni m dyl

4- (N mal ei m donet hyl ) cycl ohaxane-| -carboxyl ate (sul fo-SMCC) (see e.g.

Kar povsky ef;-gdag). (ﬁx%&&f}éthohs ifefiRle 1MREldesdBid b &@uiub$ﬂbhn 18t Ml (1963985) Proc.

Natl. Acad. Sci. USA 2 8 APR 2004 WO 01/09187 PCT/ US00/ 20272 -41 " 82: 8648).

Q her net hddes 7ﬁnb1|8u@8),tﬂimnd@%d8wm(tR,SSPm&}s&()B@ﬁrGIﬁgnqml Mtt. (1985)

A (30 bl (RRERRR g A S i R s e A e ont & are

SATA and sWBNGEC, IB3MUeyailbdt froanfiertaGhamifal G Woekiosd, Ubenmi cal Co. (Rockford,

' h fi i bodi o ed
oo 7. AP SRRl MU bR

C-term nus lhé)ﬂ@ﬁ bE @G Ogktedofia $ulfydriy WebnbiRa vYihe ICademsinud Hinge fgibhd cfuhar | y
preferred enbodi nent, the hi i.on i s to contain odd

nunber of SHPCMRPAISPRINS- e’é’laoﬂi’étgc E‘Bw Eé%f&stlbgﬁa'empﬁad&f"gfa%%wf HES?Q’S

Al ternati vabYonBath oBi REHRG oF RSB dryCledilRS, Feferabl® RBGRReh doRjupensane vect or
and 10 expressed and assenbled 1 n the sanme host cell. This nethod is

particul arly uséflismagtey.oth binding siseifirifieccan bg epaoded Wb samedergt ddul e is a

MAD X MY, d3PRsetd BAR assEifRleX infik@BmedhoRicelr.| TRIGRL A F@&nﬁdﬁﬁrﬂrﬂ:s&ﬁl%lﬁ‘ér@ A
bi specific and nultispecific nolecule of the invention, bi specific

mol ecul e cahe b'épfalfmmémﬂtéﬁﬁéﬂlﬁlc moleedeiis@ mAl s mAbs mAbst R Ealthgﬁah )Zﬁf i specific
ant1body, _aighBreh AL ALAPRY RE&fUQdEfﬁM ﬁ; GRERdELRG HGmehfigh, e chain 15

anti body an ndi ng determ na or a si aln bispecific nolecule
conpri si ng e .g.wobikpeqi cngolct@temarrbmmslc CIBlllspWeb%PtFlﬁ,éU@tn%F Faingl¢ dpici fi c

ol ecul es GRheRlsd Aniia! {\Hdle ot (ellRl BERLAS cBhpiThe GRTBEIARLAL 1 east two

single chain pr epari ng tspecific
mol ecul é§ aambetb/smmalwuﬂirfgcﬁftmml er 4 single GainPagperific milashisco®peag 203; U. S.

Nober 5. 1990 et isapt. piogf e RS e o snstolde ket

5,476, 786; dHals. mdedudastor Mayrbanprﬁﬁ@ﬂﬁasﬁﬁﬁi51mgl&haﬁahehatulemﬂ%h0d§,f@58 498:; and
U S. Patent Nunber 5,4 S I'tispecific
nol ecul es tYRALE 1'55%81"&%"5“? ﬁfrﬁktcgfe%%ﬁgesﬁ C%Otﬁ%l ra"n%’cf IB% gr}%te% | i nked

i Mmunosor bemNimbea S0 2B1;1158) Patent Nagiber Sa50)006,93 8yPazént NR&A):M 881 ldsv\ést ern Bl ot

Assay. %SC hU%f Pgt&et %Fum%%? ?,){?2,&)%” ?ng PlaYedeS ger% 0t9h% IP r EISSE lﬂatem%umbcr
' 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



protei n-anti body conpl exes of particular interest by enploying a | ?g?APﬁo&
reagent (e.g., an antibody) specific for the conplex of interest. R2004
exanpl e,wbheodigR- ant i body conpl exes can be detected ugi@e®0d72 an
enzyme-|inked anti body or antibody fragnment which recognizes and
specifically binds to the antibody- FcRxonpl exes. Alternatively, 30 the
conpl exes can be detected using any of a variety of other inmunoassays. For
exanmpl e, t heaig@Ap CoOMY of REdiDSzahd Als@e atebMBhies| BREI a6 rRdotis®dMartha

radi oi mmunoassay . (Rl A) (see, for exanple, Wintraub, B., Principles of

Radi o i mmuni8 é‘é*fhg? incerpasgiet by referspre heeraa). \ide padiqou G7sEePe @RbEY 20272 - 42

Tr ai ni ng n 1.0l J i . i ne Society,

Mar ch, 15@%&&%?&@@%&%@%@5@B&&&‘f{ég;& gggﬁ@glaﬁgf%ﬁﬂ%%% radi oactive

i sot ope canrutosdiogedtpbet ed by such nmeans as the use of a y counter or a
scintil Isati on counter or by autoradiography. 5 IV. Antibody

Conj ugat'es/ | munot oxi ns I n anot her aspect, the present invention features a
human ant i JVERA{iB&ly Comupaettnmmbnastindody, or a fragnent thereof, conjugated
to a therapeutic noiety, such as a cytotoxin, a drug or a.radioi sotope.
Wien conj ugated to a"@PPHeraipest thepress 'a’ﬁt"?“é‘@ﬁl?ai‘{ﬁesédﬁi”@ﬂéf“é#%ef"ef erred
to as "i MunabashdlSntiboly, oY b SHaftbn 1Rred?ydoRiu%ie8 1 AORRLpdule hiMlRS, sudhy agent
that is detrinmental to (e.g., kills) cells. Exanpl es include taxol,

cyt ochal asirfyoRxin 2 dmecr girsfigsotenen heRrROBIUEAFH O, 2 QifseXimaheserpntdiogi n,

et oposi (g, LSRORASHEARferred M iifliRoxiNd P AR5HIE or ERbORL abdh iRy UDI ci N,
daunor ubi ci n,” di hydroxy anthracin dione, mtoxantrone, nithranycin,

act i nonyci anpagent theiapjeiriveetskto fter bHO cells Epamplrs arcdude dxgh cyierkadasime,
tetracaineg L] a4 1e, olo|¢ I Cl or honol ogs
ther cof . ThapaGRATS B BRAIANE et PRUPTKELOpA, R348

ant i met abolvircgstine( @nljastingrsiolebicime demosybi@n dapncrpbicipudihydeoxyeanthidaguani ne,

cyt arabi ne,;. 5-f Cj r i | i ts (e.qg.,

mechl or et hg}ﬁ%ﬁ’e+H aﬁg(;en%ahﬁz%aglsgirﬁfb%gﬁﬁ&%@%ﬁg}}'@%t&é‘:’asgﬁuﬁ@ti ne (BSNU) and

| onust i fe (CCbidrticaidse protdines Erachinte |iddvase] fraprandldl, shdipuoompyvamaridtapklogs
streptozotaocin, mt ci . C._and. cis-di.chl orodj am,ne. pl atjnu l,] ( DDP)

ci splat 1 n) O ftoePhs SRS, dusienfe Bk OB RUPRE MBS hliMergishny  anc
doxor ubi ci rig.g., mathobéxatd, 6nef@p@puritasahioguraitiecytdrarime B ifjpomatacitonyci n) ,

bl eomycin, , mthra in. and anthra i n. (AMD) and.antj-mtotic agents
(e.g., vi n@??aé?ﬁzwgﬂ}éﬁ‘é&lw ?ﬁff’tzig'f'F'n@)ené./hq?{ﬁth%wfWeb%’g)ﬁp%&l?rﬁ‘@l”bcﬂ]esent i nventi on
can be conjmuysHaid, ¢apmastiha (BINSindpémustine (CCNU), cyclothosphamide, busulfan,

20 dibromomannitol, streptozotocin, mitomycin C, and cis-dichlorodiamine platinum (1I}

(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 protem 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 tumor necrosis factor or
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e Therapeutic Use i ol abel e ncer, Ther

Monocl onalo RlicBeas.dincperp etﬂn@g ) BBt‘@g ngf%ﬁ ‘?‘Hcgysdhges %“t\érf al .
(eds.), pp-PrdspecdRB-Ckme %&d%ﬂn@ URE ©F RadidBbeled ARGHOHR O Péncet Tl@drap,y , lﬂ_ he

Preparati on And Cytotoxic erties O Ané_bbody TO Cr at es"
| munol . Ré‘Gon‘)CE’Za‘l&'y‘bB@'e{ li*yéiszer@ﬂqﬁﬂa? Aag ?T?Waﬁa&ﬂ’fbﬁ§ SPH n anot her

aspect, ;4 heoprig3ABidehitBRLs 1085PERMTIHRS & apoma@stet)mmn BadICyto@xiR0
phar maceuti cal conpositi on contai ni ng one or a conbi nati on_of human

monocl onal PreperigsefiAnsibodst- Texin FeameBendimpebRer ofit4)-thePeor, of the
present invention, fornulated together with a pharmaceutical I y acceptabl e

carrier. In a pr ef erred enbodi nent, the conpositions include a conbination
of multipl éV.(Bhagnacentigal Gpmpesi¥onsi sol at ed human

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

25 e.g., radioactive iodine, to generate cytotoxic radi opharnmaceuti C@AﬁRf or

20 pharmaceutical composition, containing one or a combination of human monocional
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 muitiple (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.
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SN et ol (1obAnaaeaialy sGEPub L % E R R B 380D ¢ ¢
i ncl ude aci sordithltdcovinsd thspasd chapanddod ddeo notdmbirsanyAnidesimddi ti on 20 salts

el Chese P AR ISPy SR oCh or €
li ke, as weklaniisles of 66UR sARITONHE ackd Ghiftion saltsiafl8 bass@bdiden sdlits phaidiaddiromo- and
di car bO)%l | sCaltg(i:nicldu%é th%?ee Qgiv_ed from nontoxic inorganic acids, such as hydrochloric, nitrie,
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
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into a sterif@ably ghpteans tharrefemehmgtheds of nseparationjaspacyim drinegindrfiesrrd t he
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preferred detitedasgredien fropar previovshasterilgddatechsdhyipmtherendl freeze 10 dryi ng
(l'yophilization)k that vield a po f - tive ingredient plus any
o onal - des DesEreRp it ST 2R ide e BRI LD BERFTE F8af st i on
t her eof . Dosageutiegspomsy. Aoeexachpless sdgle doljns may de adheniogptd, seneral ddliidedd

response (e.g., a, therapeutic response). For, exanpl.e si ngl e bol us may
oo ni s Cafksed e gl s e RO TR iy e BaR Lt BB & L e or

t he dose mancrddgedodsapditdiddiahé yxigedies efithe theldpeuncsimasat 1as espediaiat ed by the
exi genci es gf the therapeutic sitqation".lt.ia es$eci 1y adv%ntageous to
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adm ni st r ablifmhigadon Md Rifirhiyy Ofdoghea0RsageAnagemiial dsed RérBnagferdsed herein
refers to Ehysica[ly di screte units suited as unitary dosages for the
subj ect s t @hyecally Sicisi: ungasted g pRitaEy fRsagsidonthp U BP (PE HedicdGaft i ty of

active compauRghigsial & PleAli&thiid RaRAYeLadiNe caBpsitRichrMiat-es pR8Mige ef fect in
assocl a’_;[()l Oge:i\:'eh rt1h¢=:tr::t1 - tr' eci'lfjelctr 'eclss%r;i?tri(r)rr? Sviet}lﬁllccrgl uix(':egr Eléne'nra}:e;trirga?l carrier. The
peutic e in q p
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 ascorby]
palmitate, butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), lecithin,
propy! gallate, élpha~toc0pherol, 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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The phrases "parenteral administration” and "administered parenterally” as used
herein means modes of administration other than enteral and topical administration,
usually by injecuon, 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

factors including the activity of the particular compositions of the present invention

12
Ln

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 treatrnent, 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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20 4,941,880, 4,790,824, or 4,596,556. Examples of well-known 1mp1ants 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.



20 4,941, 880, 4,790,824, or 4,596,556. Exanples of well-known inpl ‘}"ﬂtEPRa'iﬂﬁ'l,
nodul es useful in the present invention include: U S. Patent No.

4, 487, 603¢ opWigh di scl oses an inplantable m cro-infuspepygisig.,hor

di spensing nedication at a controlled rate; U S. Patent No. 4.,486, 194,

whi ch discloses a therapeutic device fgf.adm nistering nedicants through
the skin; U S Patent No. 4,447,233, which discloses a nedication 25

i nfusi on punp f j i i i i Se i sign.rate; U S.
pat ont No. 4, aa] SH SERiol R e B Bofbei b htoR s oL ARGTT, 1 ush on
appar at us eformgéated tgowse phopg diketibwien y vitd. For Radrepit, thiobiodd-8ah BBGer Whi ch

di scl oses i.c.drug,. delivery.system having nul ti-chanber |

conpart mn?@?gggﬁﬁqﬁ§maﬁg@§ﬂl€ hﬁ(%f."l’%!’ﬁ%%’?%’@g& t\‘h%EHred %‘é?ep‘gggpeélﬁcos noti ¢
drug del i veoyipsyssit 6fmhe Themeonasse He BB 6f 1608 DAt adbhRmRilted Foby
reference. Many other such_inplants, delivery systens, and nodul es are

known to E¥RERIE-SR1IPPOEES nFaretiands of mamnfaghrinegmeseans D 19e092 8- PETEUSOT 20272
£50 1N certann sentothalag! ind 419 304 1FHe RRAGCLONA! (AIRAME GGl L Ne
invention can be formulated to ensur e proper distribution in vivo. For
exanpl e, t AwiBicpyHichra sslevaraly wansprRBB)o sreslificieds nnongais, giok ynHayckr ophi | i ¢
conpounds, engy t hey; i 0 un of the jnvention cross
the BBB (i %Jgeetm re%)g?ﬁ‘!tﬁéﬂ}egj;wgg "E@V?%a?’ﬁ%‘% @?%@ﬂ?@? %ﬁaé")?ﬁ%'lrb?;é#gx | i posones.
For met hod&xehplpneafeatigmoiages inpakdbhesyr bgem, (see, gg., LS. Patehad, €16.0 6 1o

4,522,811; .5, 3 74, 548; d 399, 3 )3 The | i pgsones may., conprise one or
nor e rrlt:l)ulletl“fmé's61 \9\% W%?@%@?’BWW& %)"f&gﬁ)s%(‘}f)feé’g%i’ ys Lge&iommencel 1's or
organs, thus3:e0esanmebodiey (8% eodhian@t Slel 1098y FEASES:. 387:040; W.OvaiRanade (1989)
J din. thlr r;acol . 29:685). Exenplary targeting noieties include folate or
bi otin (sekl?a)grimicrod Agentsdrftergthgn. 590 38): s\rfactan] prgtedn Adedeplonlpingss des

(Urezava et Al (1999 1989) pBisRE h@ﬁ'}:lﬁggﬁf%’r@m sBeSes FEAHR- M may dorrorit@RR) ;
anti bodies (P.G_ Bloeman et al. (1995) FEBS Lett. 357:140; M Owais et al,
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Bi ol . Che Y ; . j en: M L kkanen 1994) FEBS
Lett. 346%5%‘?85‘%%%%0{ ?‘gﬁ“‘%‘?‘%‘ mﬁi"ﬁ%@iﬁ%“?%ﬁﬁ%%“oﬁ%a 227" 7). In
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. s dn f t, Eﬁhe
i posomes. FRET TR ¢ BaJaos Ry ShisH 0ol Medherangube EOPRAPES BAM rent, ¢ he
t her apeadt i tpeomgoandsliveted Biebolus injection to a site proximal to the tumor or infection.
The composition must be fluid to the extent that easy syringability exists. 1t 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

i~
h

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. Altematively, this property of a composition
can be evaluated by examining the ability of the compound to inhibit, such inhibition in
30 virro 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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including in the conposition an agent which delays absorption, for
exanpl e, al um num nonostearate or gelatin. Wen the active conmpound is

suitably prot gedsadd Mshodeseiht RRdnidhove, the conpound may be orally
adm ni stered; Tor exanple, with an inert diluent or an 15 assimilable

edi bl e carri er. Thacomgegigonsa evbrmapmoadcienabantibpdins jodhER2/neu and
derivatives/conjugates thereof) of the present invention have in vitro and in vivo

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, 10 treat, prevent or
diagnose a variety of disorders. As used herein, the term "subject” 1s 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/neu, 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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2004 WO 04489187 PCT/ USO0/ 20272 52 The conpositions (e.g., human

anti bodi es, nultispecific and bispecific nolecules) of the invention can
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20  lung carcinoma, squamous cell carcinoma, and ovarian cancer.

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 1gG- or IgA-

receptor bearing cells. If desired, effector cells can be obtained from the subject to be
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Bi specific and mul tispeci ecul'es o invention can al so be used to
20 molecules) of the invention which have complement binding sites, such as portions from

1gG1, -2, or -3 or IgM which bind complement, can also be used in the presence of
complement. In one embodiment, ex vivo treatment of a population of cells comprising
target cells with a binding agent of the invention and appropriate effector cells can be
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 complement proteins. In another embodiment target cells
coated with the compositions (e.g., human antibodies, multispecific and bispecific
molecules) of the invention can also be lysed by complement.

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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Fcy or Fca receptors exanpl e, treéat e subject With a
cytoki ne. Froddcetes)adf tayinedotine sarf aso beaded ﬂona’getaieilmpdassmgl@cmeat ment with the

mul ti speci f}»lE(i:{')m?:uet%r e;?an{prtlectlo ga%elmg s Ehac[,]e [ Of_lélr stich use, the binding agent can be
20 linked to a molecule that can be detected. Thus, the invention provides methods for
localizing ex vivo or in vitro cells expressing F¢ 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 in a 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 compared to the control sample is

indicative the presence of HER2/neu antigen in the sample.



15 colony-stinulating factor (G CSF), granul ocyte- nmacrophage
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The det ect @bisenckgbetangfimebbe areount of Be-expulisoing otlbpe yiva of serestent conpound,

an enzyne, z -factor. ln.one enbodi ment, the.invention
provi des mnfe[ﬁ%o&%@g@ﬁ?eé@?g% H“hsge%f’gé‘j %Fu@ eecg%%oné‘fosglfg??-‘ﬁr?ﬁfw i %ntigen in a
sanpl e, or bispasfic mnlgctléief dretnvintion oHERZ/n@Uharbf, gemjugat@D@Rrdegc@BlecoOnt act i ng

the samml e, and a control s le, with a human npnocl onal antibody, or an
anti gen “bi Hmfa‘ﬁ@ HoFPeYyRe fhﬁé}%éngﬁt 10 eRH fgrp‘g&cf‘i’%%ﬂ]‘f @elfﬁt%%m%emm/ neu,

under condiiden@RSarédddbntadhin \}vc.fegﬁregsg{ jlji.on of a conpl ex between the anti body
or portion thereof and_ HER2/ neu. e formation of a conplex is then

det ect ed, wher ePiieaesprdineniesidhe presetinventiop gradeserid hethadelipvting sanpl e
conpared te.thge.control sanple is indicative the presence of HERZ1neu
antigen in the sanple. 2 B APR 2004 WO 0 110918 7 PCT/ US00120272 -55 1In
still another efbopieseahnyentineis fakgrtiilustrated by itddsllavingeyaapiésorhictet ect i ng t he
presencg, or nt.i fyi .of EG-expressi cells in vivo or in
vilro. @heShoﬁfg‘?ﬁ%geggﬁgﬁd‘;ﬁ&f@ﬁ#ﬂ%&% 'i](sﬁf g?rﬁ?{bs ?#oﬂ%uesnlf jLésct:ltng’a’%lE)er‘?*posi tion
(e.g., a mahd alt refarenchd, ppens hndcpuisbbhed phept applidanend dinee mirbaghoartha f r agnent

t her eof conl'gugat ed to a Idet ectable 5 .{lrrgr Iéegr, %i i) exposing the subject to
a means fof PRIEERTTARGPERRY FEIROE b TE BY KET 1S i dentify areas cont ai ni ng
Fc-expressing cells. Oher enbodi nents of the present invention are
described in the follow ng Exanples. The present invention is further
illustrated by the foll ow ng exanples which 10 should not be construed as
furtherjsiimting. The contents of ggawgpcesLi sting, figures and all
references, patents and published patent applications cited throughout this
application are expressly incorporated herein by reference. 15 EXAMPLES

Exanpl e | @%Qﬁ:rpﬁ:tf onG &fer£10h Jf@rﬂ@‘ﬁ%et@h%ce

Construction of a CMD targeting vector

20 The plasmid plCEmu contains an EcoRI/Xhol fragment of the murine lg 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/EcoRl sites of the plasmid plCEMI9H (Marsh et al; Gene 32, 481-485,

1984). The heavy chain sequences included in pJCEmu extend downstream of the

rJ
tn

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 swiwch repeat region has been deleted by passage in E. coli.
The targeting vector was constructed as follows (see Figure 1). A 1.3 kb
HindlIll/Smal fragment was excised from pICEmu and subcloned into Hindl11/Smal
30 digested pBluescript (Stratagene, La Jolla, CA). This pICEmu fragment extends from
the HindIII 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



Construction of a CVMD targeting vector 20 The plasm d pl CEnu contai ns an
EcoRI/ Xhol fragment of the nmurine I g heavy chain |ocus, spanning thg ARR 2004
gene, thad oiRssobtai ned froma Bal b/ C genomni ¢ | anbda P&"@B%?mhﬁzp{ ary (Marcu
et al. Cell 22: 187, 1980). This genom c fragnent was subcloned into the
Xhol / EcoR1 sites of the plasm d pl CEMIQK.(Marsh et al-, CGene.3 )2, 481-485,
1984). The heavy chai n sequences included in plCEmu extend downstream of

the 25 EcoRl, b8 Qe ol ' L Mals e r. .0 the Xhol
site | ocat eépa appr 5X| mat ePt/nLﬁI&E@ud%{}\%st e@m t)h? S{”ﬁag SIﬁgls pgﬁstrbréh rane exon
of the nu génksite Inoeijest dormstheaof oftiheelasnnen oo hwissipseated.r Bigg resulivgs been

del et ed by pass kA E. coli. The .t tin ector was constructed as

fol Love (SERRRERTARY) Vs ifarizebdf el d e ot tion et Rt 1 om
pl CEnu and ThishasseneebnsRis@f heitblgbhsSirakr Be QathcednarkdBbUS SIS théllse
(Stratagene, La. Jolla, CA). This plCEnu fragnent extends from the H ndlll
site | ocat @hosagﬁaﬁlbsa%k@w (pelgipremotes (XbaliT 2al dragmentsidia ekl 419832 Gemed wi t hi n
Cru | The ghesutd)iang colidaimoGh QST S oWsi ]

approxi mately 4 Kb 2-8 Apggzoo_ Johgeat 91'3%%%1%%%%32{%% wsBEeret ) pa
fragment f _bril PHOCEechemicabrgnatgs 28GRV OA®). Siis dasssite was pbidnedifigh theo t he  Xbal

esul ting oAl URRRPER Bplehen A3t (R BRAR SRR

expr essi on tleass etssettd waentsed as dhiHicoRYEssil fregmemsing swhched ineo Nneo gene under

the transcriptiQn ontr ol use 5 ph cerate kinase (pgk)
pr onot 2];6 (%@W%ﬁl“ g’lggsé?fg?]‘{’&(didﬁg+g@ g§perate %g@ft}@ié %?)F’EOGC@S?% and

cont ai ni ngwahexdxgt fleal yaERnY (1atl) 6y EséRIeSa{IRNgdslishibagt bdded bapddabsedBoer et
al . (1990) .Bi gchem cal nefics :299-308) .. This cassette was obtai ned
from the b’lt%g'ﬁi PR o 1PHE Eff‘ldﬂég‘%]y mrPB AP t%anﬁélﬂa“ap.o?mgg%mlbe| | 65:
1153-1163) Cifuosey W& THeh&uNBR HARSEILEIiNaSzcAXGHSREt [ashdaeERO Bhfptdkndl | |
fragnent and subcloned into 10 EcoRI/H ndl || digested pGEM 7Zf (p+) to
generat e pEENE PYPIIG kinasp dtkh e5ss s tnsertedjg allaw dorsamclipavPDEENPTES(KII ) by
EcoRI/ Sal | beli:Gg SbRbaol MBI mBNERY 28883, Medoud AL (1418) SRt Hist © of the
plasm d pTARl, in the opposite orientation of the genomc’ Cnu sequences.
The resul t PH%3 - aBiis epstrils conngaet heeodng ssangoeesiof thind sandlsaqketsd S thsl ex
virus thym.di [ [ . r Li chment
of ES cl ogg?u%gp g@?ﬁé‘%@n@?%o sgt[‘?g\g@%&g ﬁ%ﬁl{lg&ﬂ?{sﬂc@%ﬁ%&% lg?/ﬁl{/;ansour et
al . (1988) CrAGOrd 533863 Busre38ing ThilslaprEsevdcerTcomgins t otafof t he codi ng
sequences e t k. Rro r_.an
pol'yadeny! rrreielel S5 R8 obhARKELEI Y ndelpcplfIeRGs B AR Bg ARK

20 amutant 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-] cells by the methods described
30 Hasty e al. (Hasty, P. R. er al. (1991) Nature 350: 243-246). Electroporated cells were
plated into 100 mm dishes at a density of 1-2 x 10° cells/dish. After 24 hours, G418

(200 micrograms/ml of active component) and FIAU (5 x 107 M) were added to the



Cell 65: 1153-1163. The resulting CVD targeting vector contains a total of
approximately 5.3 kb of honology to the heavy chain | ocus and i's degiggrrRAN04

to genemad @92} a nmutant nu gene into which has been |mﬁ5§ > 2% neo
expression cassette in the unique Snal site of the fi U exon. The

targeting vector was |linearized with Rml, which cuts within plasmd
sequences, prior to electroporation into ES cells. CGeneration and anal ysi s

of target eﬁlle§§m0§4d| cﬁu%?eglé)%np'clgrﬁs%lré a?ﬂougﬁl}@g%% op'A(‘)\FPS g%ﬁyact Ilgnct!: gyﬁte?é/ 7 cel |

(1990) Cell 1073 were grown on m |ca Ve
f eeder Iayelpb?d(irmsmlz)ede@séind ingd two @stiordesdriubled e(cﬁmba:rtmﬂﬁof the cells (1987) in

Ter at Stem Cel Pr h (E J.
Raber { son, JERS) FERaY T CIHepREadrorg) anﬁfﬁaa@yr B S R K

targeting Me@iﬂﬁihatmsbeﬁ%%ﬁtvé@&%dﬁaﬁ@et's&h@n&@ cell's by the nethods
descri bed 30 Hast%( et al. céa: P. R et al. (1991) Nature 350: 243-246).
El ectrogorat ed Q¥R 2galyEs (‘-3/35 Eﬂ”a% Loy Seuthern Wﬁhhdbf%é%loat DAl Adepssisalgtedf 1-2 x

106 cel | s/ fisihhe AbreShs %c%i%ud%&ﬁ(e[,a ggge)d tO the 5 wﬁﬁgé‘g%hi\%}e

conponent) and FI AU (5
01/ 09187 Pt?r/@@@mlzc@wioe@mm’éwmums fhgﬂjteeiwgr?ﬂetﬂtsi;anbedwldrm%lwmare al | owned

to develo S ck si ni ed divided into
two porti (F;Srla(sw%%rg r?LP?‘?tF{ & (%(g(}‘g’ el i"’"Elall'l Bybrff%eﬁ toagq%P%nceﬁ MGt fom each

cl one wer eintrbmn efiaoee Ianahmd mihaviehhegioh dtrbbanaleyzed 9f901rb Mm'}bgiﬁ@w

recombi.pat i on bet ector and tar. u es. lysis was

carri edﬁ Il[mrB)f'e%maﬁB? ﬁ)cbﬁ 8bd fishperogt ngSl @:'nbcl1 %RW ’§'” leyp &S&g hag r om t he
clones as iessddasiel rd:o%hfbd'lemwnﬂiﬂth_e CLﬂJ {aﬁgeuﬁ’g véblor@the Abo exprebdi9i kashlie! €i ¢ Aci ds
Res. 19 : 4293). Isaql at was di gested with Spel and probed

e
with a 915c9BfnsEpr] ?‘W&gﬂghfqz %léﬁéd K44 é@’% Gloaespyreengd; byS oMy di zes to a
sequence hﬁb%@l@sﬁs Nedisayel e POLE S 8 $iaidnde Bh%nml'oﬁm Pe(ag'm&ﬂgdd?) Probe
a

A detects a 9.9 kb Spel fragment 10 fromthe wld type I|ocus
di agnost i catthegnkpcpanidiess dacaesiere Bihisr dipgstd wishsthe pronyoieo BelisBy Xk econbi ned

W th t t ec 2ins a Spel
N it R L e A S A

anal ysis, '®bafigpd aitbarobhés, BoGhirh bpeof| wibbivge Dhidi digestedeviot thrﬁst)ﬂgmus

r ecombi nat 0 furt h est ed with
the enzyme E&Bé Fotdu‘%a 3% %3’?323 E %ﬁ ?cs)q(\t/)ér%? 5 lﬁ'ﬁg eas c?trec? “®nt egr at ed
honol ogousdfya tangeted mauma 1gmdmated/\h39ﬁagrhgdnmfcﬁ 'z,eids ahd hd. ;‘h)kmbe'spécnvaqut her n

bl ot s of Lge |, or odyc
f r agment svy‘i\)]:J fgygw %,5%5%8 él qu% b%'(?f’vl é?IVXPWSE%ggﬁP% esence
20 EcoRlI restriction fragments dlagnosue 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

o]
Ly

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.

Roberison, 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



of atargeted nu allele is indicated by fragnents of 7.7, 6.6, and 14.3 kb,
respectively. Al 3 positive clones detected by the Spel digest SHbARRIIhe
expect eq:Balbi;g7Bsi XI, and 20 EcoRl restriction fragnmemicadvageasti c of
insertion of the neo cassette into the Chnu 1 exon. Ceneration of mce
bearing the nutated nu gene The three.f@rgeted ES cl ones, designated nunber
264, 272, and 408, were 25 thawed and injected into C57BL/6J bl astocysts as
descri bed @61.15 @Natﬁaﬁfﬁqlcﬁiﬁe 206!1 proﬁﬁ&@ﬂgh‘ rclﬁ{aééﬂﬁléﬁﬁlmﬂ"h@é@d Enbryoni c
Stem Cel | s: racti cal proach obertson, ed.) Oxford: IRL
Press, p. qm®er@51~)ere breg é/dh§d7BLéﬁélfm€31§@dwe0lé! affsaried eeieganerated.o t he uteri

of pseudopr nant £ emal n I a mxture
e e A S
extent of 30 g ead &anﬁ:@hilnbblﬂbﬂtb&’tnﬂabattahﬂyﬂhmfrmg’ﬂadl@ﬂmdlﬂNNiﬁSUﬂhiﬂy esti mat ed

by the anmount  of a out. | oat . col orati ived fromt C line, on
Che bl sk eanay 65 5k Re o s st TS bt E SO ow

per cent ageagbmlf@fsgﬁng(dho&ed h@%rﬂﬁfﬁ@BQﬂ%%@éf 727 B ARRIBO0H ¢ @i@3/R9187

PCT/ USOQ 2(1272 out i gnentation) but clone 264 roduced hi gh

per cent agebard|ad 18 Hikbedemo nsrmég@ cepplinfelF s Mitsion obthe ety CSYBL/ 6 fenal es
and agouti offspring were generated, indicative of germine transm ssion
of the ES cell genone. Screening for the targeted mu gene was carried out
by Sout her Anllyss ofinalsggiiemotk (@dflhctighalagactidatiNal ugene ai | 5 bi opsi es (as
descri hed abovefqr._anal Qf. £, 581 | t he
agout i q@ffsprl ‘ra]]é gﬁ%'{l/nxé %{fﬁ?{ﬁg b imielrt(r:]g F%\IA%) ?%R%B};; @a&gk%@rﬁ%{%iﬂ%ﬁ onto
the wild tyeég hbandhah g&.ﬁe cholne zﬁled:m:nstar\edslm@ \atlgemntsemembzmsmosm on of

the t t ed Ana f i.
et vt 6P A 5 SRt e IR e neo
cassette lﬂﬁ@e@mémmg(mmca hlvavesh Inith@ol. G: bEREI6) Chairaggeindfspang| one 264

chinmera was bred with _a nouse zfygo s for the JHDé)Eﬂ]Jt ati.on,, which
i nacti vat e%"eﬁé’éw‘a@ﬁaﬁﬁ“ék‘ﬁ?se‘?éﬁ‘ ef“'e@tfpi‘ls grhgracal { Pdahe  JH gene

segmentis (Chgrdaly BlisA(f3983 rekémva%um'ée 1284 77056 the FRpbifg@@EiWer0f f spri ng
were generated. Serum was obtained fromthese animals at the age of 1 nonth

and 15 assesrerietsly lmkimga Pbsee heblp e Sastelyrste aftheifaw angnals eyt Hat f our
of f spri ng \é\@drl &is i h?lto?[{ %lllb%gllegl%’ ﬁ%lll d(g%ﬁﬁ)n-raa@Ih?orﬂd)zau@?@ﬂﬁ}ﬁﬂjbggx of the

four anim ern bl ot fromtail biopsies by Bgll
di gesti on ésndthyaberl)darzidfm Bnl W@horpmbﬁe«’bﬁkdw@w@i ytterBeoRFA by St ul

di gestion ?agmpr}{?rbﬂjj &e%&n?@atx}ﬂ Eng e %YQaQQvl#&Ofgﬁli {O%Hl'ess serum IgM are

20 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.



fragment (ibid.) denpnstrated that the animals which fail to express serum
1gM are 20 those in which one allele of the heavy chain |ocus carri €sg #PR 2004

JHD mut ayb@fgeikhe ot her
the JHD nutation display wild type

denonstrate that the Cnul
Z B APR 7004 WO 01/09187 -59 TABLE 1 PCC! US00120272 MouseSerum I gM I g
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et al., 19
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fragnment,

wth appro
sequence W

;'14 Illt. IIIIIUIIUI . ) 'v J:‘JJ.) d.llu l.I
k6 was constructed as escri bed bel ow.

J rsert—of
%[\&B/J@B5 kb Hi ndl

Cafpri si ng t he gerniilde human VH -18

fl anking and-5

+UBII DP- 14) gene
B kb.of 3. fl

IRV 5 kh of {;'
aéfi @&F’(gﬂed into th é”pl asm dvvect or

5§P72 (Promega, ﬁ@g

W) to gen

SfADe the prasm d p348od: 16. A 7 Kb T

conpri sing

approxi mately 5 kb

the gernline humaniVH5-51 (DP-73)

samij‘

bne together with

of 5 flanking and |I kb of

3|

H
evel s of

5 (+/ JHD),
ficient
ation of
'he HCO 12
(Tayl or
pVx6. The
|1/ Sall DNA
t oget her
genomni ¢
di son,
fragnent,

fl anki ng genom c

sequence, Vﬁglecll s(ﬂgﬁg tﬂc%\%lstd?%erﬂﬁag% detected by ELISA, for mice carrying both the
CMD and JHD mutations (CMD/JHD), for mice heterozygous for the JHD mutation
(+/JHD), for wild type (1298v x C57BL/6])F1 mice (+/+), and for B cell deficient mice

10

15

homozygous for the JHD mutation (JHD/JHD).
Generation of HCQ12 transgenic mice

Example 2

The HCO12 human heavy chain transgene

The HCO12 transgene was generated by coinjection of the 80 kb insert of pHC2

(Taylor et al.,,

plasmid pVx6 was constructed as described below.

1994, Int. Immunol., 6: 579-591) and the 25 kb insert of pVx6. The

An 8.5 kb HindlII/Sall DNA fragment, comprising the germline human VHI1-i8
(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/HindIIl DNA fragment,
comprising the germline human VH5-5i {DP-73) gene together with approximately 5 kb

of 5’ flanking and 1 kb of 3" flanking genomic sequence, was cloned into the pBR322
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 1§

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



20 based plasm d cloning vector pGP1f (Taylor et al. 1992, Nucleic Acids
Res. 20: 6287- 6295), to generate the plasnid p251 f. A new cl oni nd SvARR 264

derivedyg pmupeP! f, pCGPl k (SEQ ID NO 13), was di geicqdl:dhbdiECORV, BanHl,
and ligated to a 10 kb EcoRV/BanHl DNA fragnment, conprising the gernline

human VH3-23 (DP47) gene together wtdp.approximately 4 kb of 5" flanking
and 5 kb of 3' flanking genomic Z 8 APR 2004 WD 1} 1109187 PCT/L SOQ 20272

- 60 Sequenﬁﬁueﬁge m&&t:luttln%q;]ﬂhﬁ@ & 71@1—312w25%e%led%§1 BiHAssH0a th
BanmHl / Sal | and %gte with the 7 kb purified BanH /Sall insert of p25 I

f. The reshgfttﬁm‘gltb §’rﬁbd3url;5i%t$amfﬂ\i§sﬂ thsgresf Bdf v The reirdlingaplasnid gatdd wi t h
1T gene. PADRieestBl il RRSH dna Hen@3Un (rells KO XROASHT 83 GRL238. [ 1D Lo W

1-18 gene in ane orilentatlton as ehes.” Thi s cl one,
desi gnat ed pVx6A clms viaklebnadieg&smeﬂﬁt V\II—]I-HIS Nextel marrtctahiaempnmnén &dhe &berkb i nsert

coi nj ect_ed- -t gget he h the. 80 kb Notl .in t of pHC2 at a 1:1
ol o r a1 659 R TSI e PYHe AR A s B ke B 559 o

enbryos as2é dsﬁﬁm baf cbyd-Hoganer &lithahe purBied 18088 MRt inddrt of i@uhating the
Mouse Enbryo Laboratory Manual, 2nd edition, 1994, | d Spring Harbor

Labor at or y Mo} §P§‘° -pitathswravcleoohers: ha*fﬁﬂé@ﬁ@él@ﬂé‘n@@ﬁf”ﬁ—r@@“ﬁﬁs #ransgeni ¢
m ce conpr H&kﬁ&d%%ﬁ@?aﬁ (samoggmavxré;amemanﬁew& E5HAR] hshed fromm ce

t hat devel oped fro e I nect nbryos hese I|ines are deS| ghat ed
( HCO12) 1488§b0r?(tpm\ﬂl@)@5©§3dttmndl9(9I4{C§®.1Q}5mﬁmﬁarbEabarbomtorwk?eess,tRialeeeW| nes were

then bred h uf at i on. descr le 1, the
JKD rmt@tl\gr?t)( é:(ré]?nedtgga hilg g"ft%ﬁxﬁgg&?"‘mﬁ&ﬂ%‘%ﬁ% gnt?&gr% %WKC@) 9272
transgene @id BGRwleck eetabbjhedmﬁﬁnicNataud@cBiped Bahniod o@gygied4mb84as- 8bdky. The
resul ting

ress h y ali [ ran nes in a
backgr oundm‘fﬁc?ﬁ% %&ﬁtgd pﬁ&ﬁ?)ﬁ@ét ﬁ*@‘?ﬁ\%ﬁﬁﬁé a@ﬂggggﬁgﬁée%ﬁa@ﬁﬁgﬁ\?y and
kagpa | i ghti}rw&ieﬁlwleﬁahen &xcatmh(mi% dRapasiag itercMabD d’l’lllﬁﬁ‘;}h (Mmﬁtﬁ:kio;mial Alntl bodi es
and Bi specific 2 i nst . HER2/ neu ER2 cl ona
ant i bodi eleﬂ\@'Fé ée‘ﬁ%ﬁgﬁ@&“ﬁfﬁ( t4f. ﬂggﬁmg%d; §ﬂ1&%§é€i@n‘§? rains of
HUMAD - niisce(RCs9)9HERENBRHe BNbHWERIN dEN 99@@3&5’@3?0&%%&%}5@' Bee35 1) 1)rnhuman
breast carcinoma cells which express high | evels of HER2/ neu, 25 SKBR-3 and

BT- 474, gr SHUDH e expipidimpnd A and darpa lwakwgtté@smsmh?ék@wrtdh PBS; 2)

Lysates fr 9%%@&5«%%Lﬂuﬁz:é)mﬂ@&{dsgénl%é Ab&d h\%Jyhana k%%ﬁia'lfg‘?n antd HER2I neu
nonocl onal antibody and anti-murine | gG sepharose; HER2/ neu shed

from SKBR-3 cells and purified by affinity chromatography using a nmurine
anti - HER2/ B&4mple 3 Production of Human Monoclonal Antibodies and Bispecifics

20 Against HER2/neu

Human anti-HER2/neu monoclonal antibodies were generated by imumunizing
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,

J
Lh

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
monocional 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.



nonocl onal anti body. HCO7 HuMAb m ce were generated as described in U S
Patent 30 Nos. 5, 545,806, 5,625,825, and 5,545,807, the entire di sc8¥sqp§<7e@04
)

of whi chy@gwinereby incorporated by reference. 7 8 AP'J%I%%Q%(M\Q 01/
PCT/ USOCQ 20272 -61 |In particular, HCO7 and HCOL2 mice were initially

i mmuni zed with antigens emnulsified i Qonplete Freund's Adjuvant. In
subsequent i nmruni zations, antigens were mxed with Inconplete Freund's

Adj uvant . Fi nal jyaniditah, qq/@@%ﬁd ﬁé@‘]? del sk mla‘r?]ﬁ ﬁﬁﬁn'z@@ﬂaﬂrahtggrgng 05 M ce

spl enect ony was perf or med W th puri d ant i
wer e i mmun¢meldified ar odplsteieaiods Aﬁd‘ju\em tIheuHiSthredt mnnhnﬁzﬂnbmgens

t t R2/ t d d by ELISA
(a5 descri BeR Bt DN MR Ppl N HAP e SO bt A LT ok MBS pons

were adm nmtgeﬁ pornu kplehe rdiwasgRFormhedvvith SUTiflel k8% ed AR r@radpﬁ?ﬁm three and
four days g{\l or to sp Ienecton}/ The spl eens from responding mce were

har vest @d XHEF ¥ire JRmupaed sYew &7 MGeks- c"iﬂelf the thigl and fglprema immhyisiticdomas
produci ng ﬂ]@mhmﬁ%ﬂﬁ“liﬁﬁﬁ/ng@me?@as SRAERRAN &ﬁ.]ﬁ,&&ﬁde b dﬁ@ g&%pl asia

contai ning anti-HER2/ neu anti bodies were fuséd wt 53 cells
(deposi t edMigetthatdrecigprd@n upidhiERIéwh defardsponsATee a@RLmS_tS&@ punﬁmszemget i ng

mouse nyel Pwrfrqforctﬁlleleﬁéysaor?gop ee étcft%[u- 5;%'?" 191'({”%%&9‘! F%mey pro be,%?%r 10-14 days)

each well containin onas was ened Mof human
| gG 15 usi regpcadingmbice Wenetarveg &l drid| dizhersBD gitd sm@e bg/lhrl domas wer e further

testedfor anti cificity using a.H neu rief mcrotiter
ol ates Wer e coa?O EF%YBUP?W?S(;&O@@]Q%/&HQ- ’W”fﬁ%‘&ﬁ?ﬁ SHI? romnd t hen
bl ocked wi h]liteEw%hhﬂaﬂnﬂe:oﬁﬁl’rﬂ»H’gl ki PR PnduanblB&iesSugre fikad amhs from t he

anti - HER2/ péggg Bcf% br| domas were _added to each well and i ncubated

for 1-2 20 Eldeppsited wathdle HEEE uide HeHENGIOR APES) FRedAAnd t hen

i ncubat ed mﬁs&ramggﬁaise ﬁaﬁ&lbm'ﬁ@@%@ alllcgﬁ,i:cﬁeA?@ﬁwanhgmagéﬁ!@'oqn@bomqagent
conjugated to al kali ne phosphatase for 1 hour er washi ng, the

pl at es wer €2Y8)q36%s gl ‘P@“i‘jRPBha%F’OﬂWé was pypeasd far ghecprofiycHomorhumangi@t e r eader
t | 1 r or
at a wayel gagl 4 Al h%%ﬁ %954&1 ep&ﬁn@% bSdomds @ﬁgg&ﬂ% ??Off nﬁ{gﬁﬁ' 5 to 28

super nat an romthe oma cul tur s terne
r econbi naniPeHERZ‘/WemB%H MasmEbl’ﬁﬁby ELI SA. Significant binding was detected

1 e e g, RS WA RS e B SRR
speci fi ci t pB$,aind HeRMdvkeed We}li £%Hobink efrem a&nﬂnemlameﬂxpémmaml fiofmiBat i on of
the human mﬁﬁﬁf{?ﬁeu 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 | 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 1gG 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 a 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).



anti bodi es. Mnocl onal antibodies were isolated from supernatants of
hybridoma 30 cultures grown in spinner flasks in a humdified i ncutqu APR 2004
cont ai niv@oHBagz02. Anti bodi es were purified by chromat pgranbyegen a Protein
A- agarose colum according to the manufacturer's specifications (Pierce,
Rockford IL). 7 6 APR 2004 WO 111 1091 82 PCT/ US00/ 20272 -62 Mcrotiter

pl ates were coated with nouse anti-HER2/ neu anti body, blocked with 5% BSA,
and then i ncubavedoivet Plafel Qe 3B Mouksé AHN-DERDGEOWAbKBRIc3 kE&BMys, thus
capturing the HER2/neu shed by the cells. The plates were then incubated
with varyi 1§ BXored Menarsubasd sfthibmapcrapent frereysrsgnp fddiRoh atlisativs bodi es or
an i sotype r e i - t i es that
bound to i%#gjg;glg?geeﬁE@H%%ﬁég%gv%? %e“ge?fg%@gﬁs g;sgk&gés;jg%gggé@gv‘%gﬂ%n

parti cul ar conferguatien9® lsmansintyiHR Mupuofonodmal battiodss 8r &FdsotpeBntrdl. D2, 1. B10,

3.84 t i / d.by. ELISA Hybridonas, which
o7 oduced hORER TR X HAE THBNATFERSEHEn oDy Eics Ok Reind © G OrbRet

char act er i HEf2hyu GletsShaung & ldeswribyd suee.r bn fadicul 5 atiyipe 2 BRhdVH Higdik@Doft UNDr
cell s expressin R2 u, _and_| ack of binding to HER2/ neu-negative cells,
as descri b&Y' Of)'g? 5\%2 i@g’rli']agn]a@%%t% '8 GpOMPaahHER &pfl fﬁrﬂ?aﬁ‘g’eg Rese
properti esgmwgrae subcloned, and their antibodies further characterized

after purification by protein A affinity chromatogra hy. 15 Twel ve
hybri domas t hat Hlgidomas pdeshagodicediwrparilgethal bganBHRRFinew Bollk 84 werat

B, IR AR TR P maReSRat D PSR MBS Y
2. E11). Fi v@resfing HERQ/nawasidhaned binding bdHERUn(BIER veRe 8 ps desBihed1. B 10 and
3.B4) were i .ound t bind.purified HER?2/ neu d hungn tunor
Cel1s oxpr OSE B BB o MRt on OB e B MR B T8 et ot e
cytol ytic il hntigpdofs fiwuhnen ohdramarized efiérpuafipatzadypgoteiEBREfihineu and i nhi bi t
human tum)rhrcelall rh)vvt hinvitro. In addition, a bispecific nolecule, .
referred t5 48 P8R 3. F2, was nmde by chenical conjugation of the Fab'2

fragments fromThevebmiioads 8@ saléncdgiydutdnimandieth 1k BRIHIUR hat
anti - HER2/ neu,_ant i bod .F2 via disul fide bonds using standard cross- 25

. ody 3
li nking pr REedaRBSPIDEIYIFR2/08Y 25 Fsrearndibe - 18hand Sowray paets -6 Hefman
Monocl onal j At | Bogi £84 aNnd) 1Br$NGCE DsCPHoAB@ITNS g HERZENBY Five of these

monoclonal antibodies (3.F2, 2.E8, 1.D2, 1.B10 and 3.B4) 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 expressiﬁg
HER2/neu and inhibit human tumor cell growth in virro.
In addition, a bispecific molecule, referred 10 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-

2
n

linking procedures (Figure 13).

Example 4  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 supemnatants that showed

significant binding to HER2/neu as detected by ELISA (3.F2, 2.E8, 1.D2, 1.B10 and



30 Binding of human anti-HER2/ neu anti bodi es and Bi specifics to turmr cells
Monocl onal anti bodies purified fromfive hybridona supernatants t hat! BsARRAHIB:
si gni fi gamhpigydi ng to HER2/neu as detected by ELI SA (3. 5% W%Z. 8, 1.D2,
1.B10 and 2 8 APR 2004 W 0 1109 187 PCT/| 1 Soo/ 20272 ~83°3 wer e
further tested for the ability to bindgio tunor cells that express high

| evel s of HER2/neu. Briefly, tunor cells (e.g., SKBR-3 or BT-474) were

i ncubat ed wigsh weid figkhe washed
to renove ur?g?;und ant|rIésrc]%/d.fgpmﬁ?}g%ﬂgﬁﬁwdtpm?{r{e%ﬁgﬁ%tl S%%qﬁ%ﬂ%ge ?((g)kdth

celI's was ddRedread Buisingumor dello e hYIOPR- 3501 IBb&T49 dvegoatubated ivitheiten  F(ab' ) 2

o e TS PARRRE B Rl ha LA ATILES. SRR i aeg U ng, L oW
3. F2, 2. E8Huihabanti- kuaﬂdb(ﬂyBéum(ﬂﬂltﬁHdellsMgﬂﬂefttcﬁ@il’ﬁsmlglarmﬂoft@hﬁoﬁ)eSKBR'3
cells eXpr S]SI ng HE / neu ag% c% ared to a control_ human anti body.

Si ni | ar Py. 3PF g EEat3At humank (aR)yandite Brandiioresedice intepsignof the samples pp” 1. B10

and 3. B4 t @elBTnifidusingMw 6@bhetryl Oa ydHoGh lﬁxghe%%ldﬁﬁi@m%ya&nme}n@uSurface
Figure 4 denpnstrates the SE)eCIfICI t%%of the 3.F2 and 2. E8 anti bodies for

HER2/ neu. ¥HECLisE P FRERER nlell2.an | b B4 oxhptnt sigrificengbinding ot KBR3gallf i cant
speci fic bifdidgs RIS HERGIGXRE l%men{.&miaoa‘;ﬁ@wﬂ?tﬁ §l€%% 3 and

BT- 474, whereas they do not bin S|gn I cant to the cell line
expr essi ngshﬂvgtblwfb%fbfsmbbodlﬁé E=G2. b8e & &3t bBIOendsi BB té ﬁTWHﬂ ohmqrseﬂsn the sane

it uti' Sy PREn sl TR IRH, LERER, Bhock rELRR Rem P RS ACHE PRLGIITS can ve

tested for3bindd adj&amubdfﬂnes feafER vaen eThe ahnhiﬁ’jum«mmnof)odmsm dndi7c3 cel |

growt h usin man and Bi specifj cs The

a0t bodi s AL TEHGRRY BHIC 1DEs it A G RERDF g b iBrat e

above, wlelreaﬁmem“ M@S@Bﬁeés@heyIMO?binhIsigmﬁ’cﬁhtlyﬂhlt}’ﬂ;'lA43tf] lh@'n@'rc@wlh?e 01;I humag i
tunor cells expr i,ng. ce ace HER2 u. Briefly, purified antibodies
wer e i ncubStRETS WAt i‘tlﬁg’ls‘Egde‘ﬁ)ég%é?clegm‘f@rer@]ﬁ ich f ethe iy A RE h

condi t i18NSHERDfheG @ddeptdLRSIrBE2)VBE MB}eaxleshMclﬁcE;M§{:}@lhu.\ﬁb@&:ﬁmewnéu ng. As
denonstrated in Figures 5A and 5E3 treatment with 25 purified anti-HER2/ neu
ant i bodi esa%ibegies or ggibody rpementsepan Ge igsigd forpundingsi thig same Bav@glse  dependent
decrease in cell density of SKBR-3 tunor cells, as conpared to a control
human anti body. The F(ab )2 fragrrents of the 3. F2 and 2. E8 anti - HER2/ neu
nmonocl| onal Irbiiig & 3 h p§ing buroag dntid BR-BUPeAIr cells in a
dose depepdent Jcml on (see Fi gure 6) Furtherm)re as shown in Figure 7A,

anti - HER2/ mer— =

20 The antibodies that showed specific binding 10 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 punfied 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 contro)
human antibody. The F{ab"), fragments of the 3.F2 and 2.E§ 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 pg of the anti-HER2/neu



30 antibodies 3. F2, 2.E8, |1.D2, 1.B10 and 3.B4 exhibited a dose deDg%dfﬁkt
reduction in the cell density of BT-474 tunor cells, as conpared t 2004
control Wwemamymnti body. Figure 7B shows that treat manq,c PhusRludsi4 tunor
cells with 10 1zg of the anti-HER2/ neu 2 8 APR 2004 U O 01/09187 -b4

PCT/ USQUi 20272 anti bodi es 312 and 2. E8s4as well as their F(ab')2 fragnents,
inhibits tunmor cell growmh, as conpared to a control antibody. Bispecific

nol ecul es i amabodlesTOFT diel DESTRABD vl tak theMERRD D StacmBh, hmbﬁs%m%r@at s:Beddy
fragnents (e.g., as shown in FI‘%;I‘E 13) can be tested for |nh| bitron of

turmor cel | aéFBWPHe'i’P? 3 $angokanizbo rﬁis:remﬁs nmhqqubéwlwermethdbwnamm- nedi at ed
cyt ot oxi ci tyypR ARCCRELd; W Fg{ 0 ihh Jhe ability
of sel ected human ant%-lHé;%?ﬁ%ouﬂmocﬁg&é Canti ogllur'eg&ie ]Jﬁga(’lal 5 NDpCC of
target tundpr pbititone presselhgroveh in hissfracmatdieR2/ neu in vitro was al so
tested 10 Briefly, nononuclear cells were isolated from heal thy donors
and mcu%at ed with 51Cr | abeled SKBR-3 tunor cells in the presence of
purified amitibdRépaedenasd i-iedhes clobRicity QME@CP&@VJW BPPhunfdrt #ki- 4 hours, the
culture su tant fromthe welTS was harvested and '~ O rel ease was
measur ed omﬁi@ﬂ;‘ er. The percent specific lysis was deternined
accordi ng the f ik QUG OEMY BumdCRSiE B Aholfdt¥nal 4nd i
CPM / (detergent |ysi S@%PI\S/I -- tarnaet | eak CPM ?( 8% FIE,%%%L)S?J&B%
denonst r at &% @ﬁé’ftafgehémwfitcﬂlsl-ﬁEREﬁﬁwceﬂﬁmfmdi@ﬁ/mdnatfmvaﬂtésodose:l dependent
l'ysis ofg S@B’ﬂ% %Uﬁ@fncl@?é&ﬁs wlre i&?: rc%q hEPind 469801 rod incu 3)”% 3 4' ody. In
anot her study, uced nmacrophages were I ncubatea w t'h | abel ed
SKBR- 3 cel Ilstilqd &N&R @masmm:és (mfthéprgﬁe]ncd of ;mfiﬁbdhmtaHERQ}ﬂERﬁﬁme}dleanmvbodi es

3.F2, 2.ES8, fte 4 hout.s | t ur e super nat ant
was har veste‘%’B d”é?LC%R ecél H‘&é&ffff’éaaa“é@"%?éé%w'ﬁs WS ABENFEEd - shown i n
Fi gure 8B, tcreremsa w#ﬂﬁ%émeﬁloﬂltghrbﬁﬂlc&mté’fed'lhab&deﬂth@ecﬁm:sl?s'iﬁlafﬂﬁndent lysis
of HER2/ neu, over expres C s caonpared to a control human

anti body. 19§ EB{TI?F%HY ’E%JH'F H‘l‘g’g"flﬁ @B@@?ﬁF’tPEHBWEUS%MmWﬁW leak F2 (Figure 13)
was tested dm)/(dé@@,@nlql«ilé CPB1 Wiakde: Rat ¥PR1) RNOOUC IB@fre 8RIdemoRfirard (ha: | abel ed
SKBR-3 or BT-474 hupman 25 tunor cells. After overnight incubation at 37 C

the amount 'BF2ntghpR2/agy ntikedies W@d‘%ﬁ‘%‘hﬂé‘P@r%Pﬁ@GmHys‘&ﬂ%ﬁ@%Rs’ typoneelley

rel eased '%Qorhﬁ%ﬁec?t‘él L dhoI SRR AAGERRY Sin Jhﬁleﬂ?@cﬁ i n}'&hgﬁ reported is the
anmount of tunor cell lysis inth g, presence of e bIgDECI Ic nolecule -

macrophages were incubated with >'Cr labeled SKBR-3 cells in the presence of 5 ug/mi

of the anti-HER2/neu antibodies 3. F2, 2.E8, 1.D2, 1.B10 and 3.B4. After 4 hours, the

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 rumor 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



tunmor cell lysis with pol ynorphonucl ear cells alone. As shown in Fig$r€%$ 04
the bispecific nolecule 14.1 x 3. F2 nediated cell killing by PM\s w
SKBR- 3 andufak180 474 runor cells expressing HER2/ neu igr@ygiRss-dependent
fashion. In addition, as shown in Figure 10, bispecific nolecule 14.1 x

3. F2 nedi ated cell k|||ing by nmonocyteg . of both SKBR-3 and BT-474 tunor
cells expressing HER2/ neu in a dose dependent T 8 APR 2004 VI' O 0Ol /W1S7
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fashi on._ e f ing Exanpl es descr eneration _of human
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of human t a#thdice prdsbignepifies BirigeriErdlymeast with high agfiiivteh SIER Y. Buman
anti - HER2/ Qmanmeppaeag@egpgg@sm%aft bife Wﬂgﬁﬁ%sao dhRLE Gl  Killing

activity in the presence of effector agal nst uman tunor cells
expr essi ng antiiiogles eidectively orfhiiEIRS fromab. ofﬂhm'm tumemetlsemmpmgﬂiﬁﬁ%moml usi on

t hat t c?]cl Yorl dm%%mangqoﬁl%%eu %rrﬁabo %glar?ch: }% é’% ncllalecu etsr%e éatéa%eil wel | as

fragnents there Ispecifirc ures i bodi es of
t he presentiliimyvenvitomn tbaqaemen‘aﬂeffkaor ¢dﬂ9agmmhmm tum]:Eceolfs ekER%A;fgeu rel at ed

di sorders. e 5 Bispecific an Tri speci f| cul e nt ai ni ng Human
At body Bl S EER2IRE BhE chfh TopRRRS i i g DR pr ovtot o
Cel | Medi ahﬁ;do&llyxtaﬂ)mbbbﬁﬂei ¥gafifst TBRDMe b h&llaefrlgmerﬁ@dhh.@magd sispedifes i nvol ve

t he productl n and CQ cterléalon of bispecific trlspeC|f|c
mol ecul es VIREHI Ialede dise eiibpoieert hepdrs gﬂﬂl&i%&f%ﬁﬂ@i for (pfoFealet s

expr essisng oEGERRece RN difdderf) and/ or HER2/ neu (al so referred to as HER2).
The bispecific constructs include an anti-CD89 (anti-FcaR) anti body (ScFv

or Fab') linked 25 to an anti-HER2 anti body (ScFv or Fab'). The trispecific
construct Rghpged tm%\:ecmcsa‘?ﬁcfrgs'p&lﬁmwdlgm Contdifibg it AR SCFV)

construct, fused to E Therefore the constructs actlvate the effector
functions of CD89 exjpindingiNegtions|Digectddbto HaRYnbeamnd CD89 (FeaR) Premote

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 tni-specific molecules and their

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



targeted to tunor cells. 30 Generation of Fusion Constructs Figures 12 and
13 show each of the bi- and tri-specific nolecules and their par e i)
ant i bodivago(ddyabs) . Figure 12 shows the single-chain (SefpLspecrfic
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and r educi t r ntly as a
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Fl ow o] terlz .bi ndi n bi - and tri.-specific
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20 super nat ant was ncu&at e&ﬁé\nth ei ther SKBR-3 or A431 tunor cell lines.

Bi ndi ng of *PFUTYA V&r&&ﬁ i PROifdM OB A Sc kel ISR KYER 37 HRfehnethregbsine

ant i - humanadg&ac a-cdn&iabhd OB ed4 céx%trga%ﬂﬁé(y Bﬁﬁbrﬂ mﬁﬁ' aEQQWﬁel' efikgure

14(B), supernatants fromtransfected cel 934) al sO nedi at ed

cel | |ysi swhinbdigyociatgs ‘PW@%’@WtWﬂ@gEd@W itirre| ease assays were done

W th ansi ncubation period of 16-18 h and an effector (nonocytes, PWN) to 25

t ar get (SKBR—3, A43 1) ration of 100:1. Tunor cell killing was detected

using tr abkdrentarizan¢roBigagRAY-SaewificiMoleanis fisudieglto NGO Csliper nat ant to.

medi at e ff’.e?'s.fo 'Fob ¥ dncin WAL bRhdthc @R Bindhd 6 RO GH ML f¥eifl Puri i ed
molecules. Figure 14(A) shows binding to tumor cells of fusion proteins in

iransfectoma 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) 10

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 tri-specific molecules

(931 and 934) to U937 cells (through the CD89 receptor). The fab-2 fragment of
antibody 425 (ant1-EGF-R mADb), which does not bind U937 cells, was used as a

30 negative control. The anti-CD8&9 (Fab’) x anti-HER2 (Fab’) chemicaily coupled
bispecific molecule (shown in Figure 13) was used as a positive control. Figure 15(B)is

the same as Figure 13(A), except that binding to SKBR-3 cells (through the HER2



(931 and 934) to W37 cells (through the CD89 receptor). The fab- 2 fr rrent
of antibody 425 (anti-EG- R mAb), which does not bind U937 cell s

as a 3@ong@aishve control. The anti-CD89 (Fab') x ant ipclﬁl%lga,,zq)fﬁb')

chemi cally coupled bispecific nolecule (shown in Figure 13) was used as a
positive control. Figure 15(B) is the-gane as Figure 15(A), except that
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gglefisf'(]g3 ly.é.'rr] gblggﬁ) mgxraeate fglsﬁﬁﬁ:éfof%ﬁwn%&f@ﬁt anrtea-,m tnmmngf gct ed

whol e bl oowtlis imthe hesmcsbﬁcﬁfﬂmr celhy: cﬁhmrmuneﬂeleasemwsw& dmet eithdone with an
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t ransf ect ed41193&r1on&f 93@1) doshotitelirialliag eat e€leNSHngstapseaad @m & apapedi at e
specific g Q{K]r 17 and Figu 18 SBOW effect or cell-nediated
'ysis of Sdpnaisiicied INSE) Stpeanetant 19 Megiaie BrGUIRAY TR AAFIO N TEEETA col | 5

(Fi gur @517(43), aiskritghe ﬁorﬂl%ﬁafémayceupmu fah@d3 8 iniRedcdeRil i qiasREYIof i C
construct, 931, in_the presence of and rmonocytes, Tespectively.
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anti body, 25 14.1, was used as a negative control in each experlnent
Overal |, t(SEBRsp il Ingrtion il 0t gBumen asll kilHee wardstestaddiine frarsfesipdd9&hai n bi -

and tri-

& 934) and untransfected (NSQO) supematant to mediate specific lysis.

20 Figure 17 and Figure 18 show effector cell-mediated lysis of SKBR-3 celis
(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 tni-
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-



speci fic nol ecul es which target and induce effector cell-nediated ﬂéliﬁg
of tunor cells- The foregoing studies also denonstrate that these Ag 004
tri-speaiofui@e®l ecul es are capable of binding to CD8f¢crhk&mkand HER2
expressing cells. Inportantly, the 30 studies further denonstrate that, in
the presence of CD89-expressing i muné8effector cells, these bi- and
tri-specific nolecules nediate killing of EG-R and HER2 over 2 8 APR 2004
WO 0 1/ 09%8présdzl¢liSOQ @32 62pendé& nexpéressi g celekilisng id medideday depkmdent
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and inhibits growh of cells expressing HER2/ neu, produced froma

transgeni ¢ non- human animal. 2. The human antibody of claim 1, wherZd APR @84
ant i bodwdimdsito HER2/ neu with an affinity constant witawnteast 108 M 1.
3. The human anti body of claim1, wherein the antibody binds to HER2/ neu
with an affinity constant of at |east701.09 M'. 4. The human anti body of
claim1, wherein the antibody inhibits tunor cell growh by at |east about
40% 5. Theo hurridaNBiNGQA Y @f9oh AinAtadteriIRA @F utiRenRAbdIHRUNndaREPI t s t unor
cell growth by at |east about 60% 6. The human anti body of claim 1,

wher ei n t hE2give ibeiihpr thedsmap epigpml gioWHGRRor EeeptpreorHigréRewenne pedyciof cl ai m
1, whereincthe ot 5@?@0_{5ggyy chainis an 1gG | or 1gG3 heavy chain. 8. An
i sol at ed human nonocl onal anti body conprising a human heavy chain variable
regi on conprising CDR1L, CDR2, and CDR3 sequences and a human |ight chain

vari abl e regio ris , ,and CDR3 sequences, Wwherein: (a) the
narmn haavychar &R PRL Mg FRg ot EoRn B rR S RPN a ™t hear oup
consi st i ngaafro@ndfipeddfihel spesifidine NaBfe 234 405-48EQ 1D NO 2, am no acid
residues 99-111 of SEQID NO 6, amno acid residues 99-111 of SEQ ID NO
10, and conservative nodifications thereof; (b) the human I[ight chain

vari abl e refi ong EDB3uIRAAMISEm 19, SR Gelth M OMRENerALAWR F RS NG Of

am no acid residues 89-97 of SE(?gl DNO 4, amno acid 2 8 APR 2004 -72

resi dues 8guBFrighosEhuman payibogy. Maiia 13ct4d-446si dues 89-98 of SEQ ID NO 12,
and cqgservative nodifications thereof, (c) the human antibody binds to
HER2/ neu with an affinity constant of at |east 107 M1; and (d) the human
ant i body i hhi biR-§. lpnesnbleardt.Ha Footadr, NeabdreedpSessd RgntelER2(1A8Y). 9. The hunman
anti body o |l aim 8 erein.the human heavy. chain vari abl e reqgion CDR2
sequence | Sedeiebe sorEnE A GRS B ng B A o B8 Ges 50- 66
of SEQ | Dirbla nhusarNange a21:d22e@6dues 50-66 of SEQ ID NO 6, amno acid
resi dues 50-66 of SEQ ID NO 10, and conservative nodifications thereof;
and the human |ight chain

15 14, 1.D. Marks ef ! (1991) By-passing Immunization Human antibodies from
V-gene libraries displayed on phage. J. Mol. Biol. 222: 581-597.

15, N. Lonberg, et al. 1994. Antigen-specific human antibodies from mice

comprising four distinct genetic modifications. Nature 368(6474): 856-859.

20
16. G.Gafie, Howe S.C., Butcher M.C. C. W, and Howard H.C. (1997) Antibodies
to major histocompatibility antigens produced by hybrid cell lines. Nature 266:550-332.
Equivalents

25 Those skilled in the art will recognize, or be able to ascertain using no more than

routine experimentation, many equivalents of the specific embodiments of the invention

described herein. Such equivalents are intended to be encompassed by the following

claims.



vari abl e regi on CDR2 sequence is selected fromthe group consisting of
amno acid residues 50-56 of SEQID NGO 4, am no acid residues 50 gGAFRf 004
SEQ ID NO 8, amino acid residues 50-5.0f SEQ ID NO 12, and con rvat% ve
nodi fications thereof. 10. The human an’tllb'ody of claim8 wherein the human
heavy chain variable region CDRl sequence is selected fromthe group
consisting of amno acid residues 31-35 of SEQID NO 2, amno acid
residues 31-35 of SEQID NO 6, anmino acid residues 31-35 of SEQ ID NGO

10, and coWwsdclaamni ve nodifications thereof; and the human |ight chain

vari abl e region CDRI sequence is selected fromthe group consisting of

am no acid residues 24-34 of SEQ ID NO. 4, am no acid, residu 4- 34 of
SEQ I D NO.1-8, arfithisolagedi mmasgnenpsionalargibogdy whed spess .11Y112Pd%ﬁ9§§% 884 vat i ve
nodi ficati . i . n I i or
antigen bi %@ﬁﬂ%ﬁﬂgégﬁ%}ﬁ& ﬁee]ﬁenee)(? ?e%lgé)%%gpg&ﬂgﬁa%&ﬁgatw%ﬁggﬁmvari abl e
regi on andmandidrimal. i ght chain variable region, wherein: (a) the human
heavy chain variabl e region conprises an am no acid sequence selected from
the group consisting of SEQ ID NGs: 2, 6, 10, and sequences that are at

| east 80% foml agous,.1.8 SERLPARN Prseidli ARbodMinhlE NEFBRCL Lot chain
vari abl e r'égi on ‘conprises an-am no aci sequence selecte romthe group
consi st ngarpjfﬁﬁﬁgacfb@tgh@faﬂgas&]o%md,lz and sequences that are at | east
80% honol ogous to SEQ ID NGs: 4, 8, and 12; 2 8 APR 2004 -73 (c) the human
anti body binds to HER2/ neu with an affinity constant (KA) of at |east 107
M'; and (gd) th .| hnhi pi . : essi ng
HER2/ neu. g’Z. Aﬁn‘?g‘(r)ﬁ?‘%tn :agl lhgﬁg%fd%%lﬁlogl‘%}ﬁeéﬂﬁ%%@é@%@ﬂ%ﬁ%ﬁﬁgheﬁa {ha heavy
chai n var i @abféinfte gbarh af bilgasCDRIM 'CDR2 and CDR3 sequences set forth as
am no acids 31-35, am no acids 50-66 and am no acids 99-113 of SEQ I D NO
2, respectively; and (b) a light chain variable regi on having CDR1, CDR2

and CDR3 geque j i: : i - and
397 of  Beo | oy i arBbbdy Sraaf s bty ARG @EbEEIRIoRH R0
13. An i sobpitdeashutan 40wn0cl onal anti body conpri sing:

5. The human antibody of claim 1, wherein the antibody inhibits tumor cell growth
by at least about 60%.

6. The human antibody of claim 1, wherein the antibody does not bind to EGFR.

7. The human antibody of claim 1, wherein the antibody heavy chain is an IgG1 or

IgG3 heavy chain.

8. An isolated human monoclonal antibody comprising a human heavy chain
variable region comprising CDR1, CDR2, and CDR3 sequences and a human light chain
variable region comprising CDR1, CDR2, and CDR3 sequences, wherein:

(a) the human heavy chain variable region CDR3 sequence is selected
from the group consisting of amino acid residues 99-113 of SEQ ID NO: 2, amino acid
residues 99-111 of SEQ ID NO: 6, amino acid residues 99-111 of SEQ ID NO: 10, and
conservative modifications thereof;

(b}  the human light chain variable region CDR3 sequence is selected .

from the group consisting of amino acid residues 89-97 of SEQ 1D NO: 4, amino acid



(a) a heavy chain variable region having CDRL, CDR2 and CDR3 sequences set
forth as am no acids 31-35, am no acids 50-66 and am no acids 99-28WPR004
SEQ ID NO 6, respectively; and (b) a Ii,&ht chai n vari abl e regi on having

CDR1, CDR2 and CDR3 sequences set forth<“as am no acids 24-34, am no acids
50-66 and 89-97 of SEQ ID NO 8, respectively, wherein the antibody binds
HER2/ Neu. 14. An isol ated human nonocl onal anti body conprising: (a) a heavy
chain variable region having CDR], CDR2 and CDR3 sequences set forth as

am no aci dgegdue8$2-HnitrEQ@ &P NO 5 -268nmaid easidves 82408 ¢f SEQIDINCyA2.5md | D NO

10, respectively:. and { a li.ght .chain variable region having CDR], CDR2
and CDR3 §8ﬁ?fé¥f’é’é’§ I’%@B%a&lroflﬁﬂ%?o m no acids 24-34, anino acids 50-66 and

89-98 of SEQ ID NO (1P, rgeRemhh YRivody BiRKk e PIERMShN b & xfiith densdfr2/ Neu.
2 8 APR 2004 -74 15, Ap isol ated human” nonocl onal anti body conprising: (a)

a heavy chaif at heastil@HME ;ragi on of a human VH 3-33 gene; and (b) a light
chain variable regio f a,human VK. L n wherein the anti body binds
HER2/ Neu. 16. An isoln(gfed thaﬁﬁwaﬂﬁﬁbbagggnﬁ]lﬁ%rpgﬁhgfacwicgl%pre%s € a heavy
chain varigpRe/eggi on of a human VH 3-23 gene; and (b) a light chain

vari abl e region of a human VK L15 gene, wherein the antibody binds
HER2/ Neu. 17. An isol ated human nonocl onal anti body conprising: (a) a heavy

chain variaple regiqon of a .hu H 3;3 ene; .and (,b) a ight.chain
variable r ggi on of* uﬁ@ﬁ&ﬁuw& %u@gsnévffaepqmg}e&uﬁqapﬁ@%?l}ab%wmﬁq{agmn
HER2/ Neu. J@a@&q@@&%%@ﬂemm&%mhsi@ﬂmg SrogingRsiadeddi soLewrT heavy
chain and human 11 ght chain nucleiC acCids conprising nucl eotide sequences
in their vABEQHD NQ:6yiaonso acid residues 50-66 of SEQ ID NO: 6, amino acid residues 50-66

of SEQ ID NO: 10, and conservative modifications thereof; and the human light chain

variable region CDR2 sequence is selected from the group consisting of amino acid

residues 50-56 of SEQ ID NO: 4, amino acid residues 50-56 of SEQ ID NO: 8, amino

acid residues 50-56 of SEQ ID NO: 12, and conservative modifications thereof.

10. The human antibody of claim 8 wherein the human heavy chain variable region
CDR1 sequence is selected from the group consisting of amino acid residues 31-35 of
SEQ ID NO: 2, amino acid residues 31-35 of SEQ ID NO: 6, amino acid residues 31-35
of SEQ ID NO: 10, and conservative modifications thereof; and the human light chain
variable region CDR1 sequence is selected from the group consisting of amino acid
residues 24-34 of SEQ ID NO: 4, amino acid residues 24-34 of SEQ ID NO: §, amino
acid residues 24-34 of SEQ ID NO: 12, and conservative modifications thereof.

11. An isolated human monoclonal antibody, or antigen binding portion thereof,
comprising 2 human heavy chain variable region and a human light chain variable
region, wherein:

(a) the human heavy chain variable region comprises an amino acid
sequence selected from the group consisting of SEQ ID NOs: 2, 6, 10, and sequences
that are at least 80% homologous to SEQ ID NOs: 2, 6, and 10;

(b)  the human light chain variable region comprises an amino acid
sequence selected from the group consisting of SEQ ID NOs: 4, 8, and 12, and
sequences that are at Jeast 80% homologous to SEQ ID NOs: 4, 8, and 12;



as set forth in SEQID NO |1 and SEQ ID NO 3, respectively, and conservative
sequence nodifications thereof. 19. An isol ated human nonocl onal alﬂtAPtRomm
havi ng human heavy chai n and hunan Iigh% chai n vari abl e regi ons which
conprise the am no acid sequences showt 37 SEQID NO 2 and SEQ I D NG 4,
respectively, and conservative sequence nodifications thereof. 20. An

i sol ated human nonocl onal anti body encoded by human heavy chain and human
| i ght chain nucleic acids conprising nucl eotide sequences in their variable
regions as set fortHc)n SESQhiDaNanthcadirRE® HERIM witle sp elfinity sbystarand
conservativgﬁieﬂ%ﬁnce Wi.fi ations thereof. 2 8 APR 2004 - 75 21. An

i sol at ed hdfrah® &RSF A9 afffbody havi ng human heavy chain and human

| i ght chain variabl e giegi i SRR A B watih rdeBegMensgs shown
in SEQID NGOG 6 and stg I %%Ngﬁ%laﬁ?%spectl?}?/gt%}%and ggtn@grva?i g%i%sequence
nmodi fi cat i HEB2friwer eof . 22. An i sol ated human nonocl onal anti body encoded by
human heavy chain and human |ight chain nucleic acids conprising

nucl eoti de sequences in their variable regions as set forth in SEQ ID NO 9
and SEQ I DO Idy jsoRt PRl MPin¥nodiihl SRNRAY ¢8 pMgngeduence modi fi cations

t hereof. 23. An isolated human nonocl onal anti body havi ng human heavy chain
and human |ight chai(a)vara adsive chagivenablevgedn lvomp CBR 1t G®R2rdndo aci d

seqguences s in SEQID 10 and QLlD NO 12, ectively, and
conservat i @ﬁ@am&&gﬁsbw @i@%aﬁlﬁiﬁgﬁéﬁa@ﬁﬁ‘? ae‘l*ﬁ%ﬂ'??ﬁr%ﬁéﬂ’t"?%%dy of any
one of the ag_fcg@@d“@gofcgm@Ng@?rrgg&gvlgg,;%a! body has at |east one of the

characteristics selected fromthe group consisting of: a) a binding
affinity constant of (b | emBghtabautvatiaige kgion hvieghCREIoEDRS rd const ant

expr as! ng FERBAHBI e ehjorpris it i 1 it oy PBOPBRA S5 Tl

expr essi nggﬁﬁeﬁ? - 4 Neddg&iwiesence  of human effector cells at a
concentration o rl\ggout fl(% Vg/fﬂ or less in vitro. 25. The human anti body of

any one of wineeiprtecadibody birsls HERANewei n the cell expressing HER2/ neu is a
tumor cell. 26. The human anti body of any one of the preceding clains,
wherein the cell expressing HER2/ neu is selected fromthe group consisting

of an adenogar ci ARFRIAE humarPmBnod&lal ¥&ibhdg!cBRdrissizomach and kidney, a
manmary gl and carcinoma cell, a lung
(a)  aheavy chain variable region having CDR1, CDR2 and
CDR3 sequences set forth as amino acids 31-35, amino acids 50-66 and amino
acids 99-111 of SEQ ID NO: 6, respectively; and
(b)  alight chain variable region having CDR1, CDR2 and
CDR3 sequences set forth as amino acids 24-34, amino acids 50-66 and 89-97 of
SEQ ID NO: §, respectively,

wherein the antibody binds HER2/Neu.

14. An isolated human monoclonal antibody comprising:

(a) a heavy chain variable region having CDR1, CDR2 and
CDR3 sequences set forth as amino acids 31-35, amino acids 50-66 and amino
acids 99-111 of SEQ ID NO: 10, respectively; and

(b) a light chain variable region having CDR1, CDR2 and
CDR3 sequences set forth as amino acids 24-34, amino acids 50-66 and 89-98 of
SEQ ID NO: 12, respectively,
wherein the antibody binds HER2/Neu.



carcinoma cell, a squanous cell carcinoma cell, and an ovarian cancer cell.
27. The human anti body according to any one of the preceding clai ns? 8 APR 2004
produced by a hybridoma prepared froma g cell obtained froma transgenic
non- human ani mal having 2 8 APR 2004 - '7 " a genone conprising a human
heavy chain transgene and a human |ight chain transgene fused to an
immortalized cell. 28. An isolated hunman nonocl onal anti body according to
any one of the preceding clains which nediates cytolysis of cells

expr essi ng 1HER2/ Atisélatet umpn exmaelonalf anHRAHHCOTBIIEE or cel |'s, wherein the
anti body is produced froma transgenic,non- | 29. e human

anti body of any one &0 t hé P&gﬁ%ﬁméqbgﬁ n%g\&/%hm?gﬁﬁﬂlgﬁg{ﬁ %%’?i e%-é(;y f ragnent
or a singlg,ghain antibody. 30. A hybridoma conprising a B cell obtained
froma transgenic non-human ani mal having a genone conprising a human
heavy chain transgendband aalightghaln@hla@hiefqgmb‘%é‘r@{mm% 8 88 an
immortalized cell, V\/ni%r iQ. thg#@%(b}ﬂi doma produces a detectable amount of a
human monodYRSFAD heATt 8&/ ingls 'of the preceding claims. 31. The

hybri doma of claim 30 which produces a human nonocl onal anti body encoded
by human heavy chain and human |ight chain nucleic acids conprising

nucl eot i de 1$equekc zslated hunadrr mowecicenal entfhogy 6A@PEENEet forth in SEQ I D NO 1

and SEQ ID NO 3, respectively, and conservat.i cq. i.fications
thereof. 32. The hybr(igliorraaﬁefax'?ffg?%v%a fet,gﬁbnpc? odﬁl?gésl!legngrra% %r’onocl onal
having humgp, heavy chain and human |ight chain variabl e regions which
conprise the amno acid sequences shown in SEQ ID NQ 2 d SEQ I D NQO 4,
respectively, and con(sbervaaliglachsieq{aelnbleffrﬁw}i‘Pfft‘,léi%m@hgl(t]-ﬁgrgéﬁ?a 33. The
hybri doma of_ cl aim 30. vvgi %h r 83,2 human nonocl onal anti body encoded
by human he¥Rgjcia ¢ AOtthedy mﬁﬁ%@nfu‘chai n nucl ei ¢ aci ds conpri sing

nucl eoti de sequences in their variable regions as set forth in SEQ ID NO 5
and SEQID NO 7, respectively, and conservative sequence nodifications

t her eof . 3417. TheAhydwiatebhemai mohedianagd @niipadytopPHai#€es a hunan nonocl onal
havi ng human heavy chain and hupgan |i. ' ' reghars which
conpri se the anino acgé1 2 %ﬂﬁyﬁé 61641@%%5%%%%@&%%%{@ 3iﬁg %% I D NO 6 and

SEQ I D NO 8,4 espectively, and conservative sequence nodifications
t her eof .

(b) a light chain variable region of a human Vi L15 gene,

wherein the antibody binds HER2/Neu.

18. An isolated human monoclonal antibody encoded by human heavy chain and
human light chain nucleic acids comprising nucleotide sequences in their variable regions
as set forth in SEQ ID NO:1 and SEQ ID NO:3, respectively, and conservative sequence

modifications thereof.

19. An isolated human monoclonal antibody having human heavy chain and human
light chain variable regions which comprise the amino acid sequences shown in SEQ 1D

NO:2 and SEQ ID NO:4, respectively, and conservative sequence modifications thereof.

20. An isolated human monoclonal antibody encoded by human heavy chain and
human light chain nucleic acids comprising nucleotide sequences in their variable regions

as set forth in SEQ ID NO:5 and SEQ ID NO:7, respectively, and conservative sequence

modifications thereof.



35. The hybridoma of claim30 which produces a human nonocl onal anti body
encoded by human human heavy chain and human |ight chain nucleic arg§dsR 2004
conprising nucleotide sequences in theitr_variable regions as set forth in
SEQID NO9 and SEQID NGO 1 1, respectiVvely, and conservative sequence
nodi fications thereof. 36. The hybridoma of claim 30 which produces a human
nonocl onal anti body having human heavy chain and human |ight chain

vari abl e regi ons which conprise the am no acid sequences shown in SEQ ID
NO 10 and 3EQ | DANGolfted hwspempheddnal apinebdy devise hvatan\heagecaenas human

dificati h f . 37.. At I -h ] i mal ich.
numan ant i BB ARCGRAPI g% MAGRSREPHre BRamICRatr A eRTea R hOEaTR  he

transgeni cNEPH ahY BRD WTNOEY, r&%’égtﬁreﬂﬁ RAABonsERARY4 %ﬂﬂ&l& HoUTRBat R8 Werddrai n
transgene and a human |ight chain transgene. 38. nmet hod of producing a

human nonocl onal anti body that specifically binds to HER2/ neu, conprising:
i nmuni zi ng transgeni c, non- human .ani mal, havi n none ,conpr.i Si ng, a
human heavg2-chai A AP BBETIRGNG kAR R0y POl PR TR BBRC A At ERz/ neu
or a cell nEXRYE BRI ARYinHRIRRIOSYds M}s}iﬂﬁuo%‘éiﬂ@%@&e@ﬁﬁt}ﬁi%ﬁﬂ@r o

cells of the aninmal; isolating B cells of the animal; and fusing the B
cel I s wi t hasiyee FothaincsHQ $D INO PanthSEGhTD NA): | 1, gdpectieing ané cbmsehative semenet e

human nonocl r}al .ant i bodfes specific for HER2/ neu; and isolating the human
nonocl onal ™9 BPEERLLCRAT-ch bind to HER2/ neu fromthe cultured supernatant
of the hybridoma. 39. An i mmunoconjugate conprising the human anti body of
any one of the preceding clains linked to a therapeutic agent. 40. The

i mmunoconj @gat e Af iswlaedindfan mworodoml atigbady dvawipe biman algeany chainand fmwamxi n.
2 8 APR 2004 -78.41., The i.mmunpconj ugate, of claim39 or 40, whergj he
Cher apeut | 2GR Fieble TPEfRONEGE SREP st ATisod FBRc S SHpYR & S CeRe.

| munoconj mgﬁmﬁs HADROIY, fekp@iideR, al\@NSBS AN eRhdnbe ReGHRdMBhe carrier.
43. A bispecific nol écul e conprising the human antibody according to any
one of cl diemwi8-23, and a second binding specificity for an Fc receptor.

44. The bispecific nolecule of claim43, wherein the Fc receptor is a human
FcyRl  or a human Fca receptor.

24, The human antibody of any one of the preceding claims, wherein the antibody
has at Jeast one of the characteristics selected from the group consisting of:

a) a binding affinity constant of at least about 108 M-1;

b) an association constant (Kagoo) of at least about 104; and

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

d) the ability 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.

25. The human antibody of any one of the preceding claims, wherein the cell

expressing HER2/neu is a tumor cell.

26. The human antibody of any one of the preceding claims, wherein the celi
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.

27. The human antibody according to any one of the preceding claims, produced by

a hybridoma prepared from a B cell obtained from a transgenic non-human animal having



45. The bispecific nolecule of claim43, which binds to the Fc receptor at
a site which is distinct fromthe natural |igand binding site of t2HeAPR 2004
receptor. 46. The bispecific nolecule QfGQIain143, wherein the second

bi ndi ng specificity which binds to an ﬁ% receptor is a human nonocl onal
anti body or an antigen binding portion thereof. 47. The bispecific

nol ecul e of claim43, which is a single chain or Fab' fusion protein. 48.

A mul tispecific nol ecule conprising the human anti body ECCO ding to any one
of cl ai ns BLABPMELWHTHINS DAHBAhBCRHEBIIP 1aniens gd 3 Rwpan ‘%@éﬁi?‘&rt,a“ég?&ea

third bindin specifici a tunor antigen other than HER2/ neu. 49. The
mul ti speci ffuisgj Woeﬁjécﬁdé&aéﬁx%%‘gl[m 48, wherein the third binding specificity

is EG-. 2 8 APR 2004 -79 50. A conposition conprising a human anti body, or
i rmunoconj ugate, or bispecific nolecule, or multispecific rr{ﬁ%ecul e

accordi ng 2% of Amijsolated mammonncenal arEPody afesding HeyamuOnsHA thariseAd Ml | y

acceptable ,carrier, 51. Th 1kl : | : ri-Sd
oy nati oflpre Vs gretl GETERE Rt AR IO AR S human |
bi nd t o HERZnGellWeiepdin tieaghibolly Bairedired ifloadi esnsgbnindsnthomandhsialnct

epi tope of HER2/ neu. 52. A use of a human anti body according to of any one
of the preceding clains for the preparation of a nedicanent for inhibiting

growt h of cel | .expressin neu. fi Qﬂ{‘{@ip (AT

accordi ng ?90 of ]él}weépud%aél %‘fu%?ﬁgg?ogrné’cog' ioﬁghe a‘%é?rsﬁlgf%(])?lﬂlst e plrsgagar ation of a
nmedi cament frh@heht el dGidple ehairintiodyof a cell expressing HER2/neu. 54. A use
of an effective anobunt of a human anti body according to of any one of the

preceding clains for the preparation of a nedicanment for treating or

reventin dis .. char -] E Ikﬂ?%{ . 55,
'Fl)'he use ag%@r di n‘g%?gn% m%ﬁ@%ﬁﬁglgég%h%n&%%ﬁe@ﬁn%gm %ﬁ%ﬁ%@ﬁﬂﬁeﬂ? nt éﬁﬁlﬂ man
nonocl onal haihg beevorhscsifpjisigns Bomtwheavhichain mgnsgeae ahd eilight dhain taankgene,

receptor. 56. The use of claim55, wherein the human nocl qnal antibody is

conj ugat edfused tp aipaedalized cstp, Whesein faehybridemg PrRASEs ABPERMC ERGUR; Ydase is
ar oap. consTerpLiRaHotaf anfbBBby cREEF R BILEAETRARE P00 Stomach and
ki dney, mamary gl and

31. The hybridoma of claim 30 which produces a human monoclonal antibody

encoded by human heavy chain and human light chain nucleic acids comprising

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

NO:3, respectively, and conservative sequence modifications thereof.

32. The hybridoma of claim 30 which produces a human monoclonal having human
heavy chain and human light chain variable regions which comprise the amino acid
sequences shown in SEQ ID NO:2 and SEQ ID NO:4, respectively, and conservative

sequence modifications thereof.

33. The hybridoma of claim 30 which produces a human monoclonal antibody
encoded by human heavy chain and human light chain nucleic acids comprising
nucleotide sequences in their variable regions as set forth in SEQ ID NO:5 and SEQ ID

NOQ:7, respectively, and conservative sequence modifications thereof.

34, The hybridoma of claim 30 which produces a human monoclonal having human

heavy chain and human light chain variable regions which comprise the amino acid



carcinoma, |lung carcinoma, squanous cell carcinoma, and ovarian cancer. 59.
A nmethod for detecting the presence of HER2/neu antigen, or a cell 72g APR 7004
expressing HER2/neu, in a sanple corrpri§j{]ng: 2 8 APR 2004 - 80 contacting
the sanple, and a control sanple, with a"human anti body according to of
any one of the preceding clains, under conditions that allow for formation
of a conpl ex between the antibody or portion thereof and HER2/ neu; and
detecting the formation of a conplex, wherein a difference conpl ex
formation BRAURERs shenen iz pBQdDeiRfaaaddSEQ 1D ANO: 8crsapactively sanpl eonpegvitivdi cat i ve
t he presen equgf HE Jﬁ%&t‘i"o&sgll'l?t{hef sanple. 60. An expression vector conprising

. Nnce modi 4] . . .
a nucl eoti dée''sequence "enco 6 4 heavy chain variable region selected from

the group consisting of SEQID NGs: 1, 5, 9, and conservative sequence
nodi fications thereof, and a |light variable region conprising a nucleotide

sequence sébect ebhd hximidorma qfciaim omeicls piodycesfa IsE@N Mon@konaBantihodg 1, and

conservati Ve ﬁegﬁegce mﬁdi fi g‘ati ozjs. thgreof. .65. An expr.essi,on vector
conpri si ng AoRte PESHAR NURAR bRy Rand hyman gt haghaidleic agfs syParsing,i on
conpri si ngn@d]ecﬁfﬂe%@%@éﬂcéis SRS NEfbRSlephe b {ot SORH MSED N GONRE SEQE of
SEQ I D NGs: 2, 6, 10, and conservative sequence nodifications thereof, and

a light ch&:hl.vespeatyely.raagiconsertie sequancetmedifinativms diiredfsequence sel ect ed
fromthe group consisting of SEQID NGs: 4, 8, 12, and conservative
sequence nodifications thereof. 2 B APR 2004 WD 01/09187 PCT/ USOQ 20272

SEQUENCE LB&TI NGirelibrid¥piasfetaim!30Gyvhi6H gfodubddMAN NS AdNal AMHBED!I ES TO
HER2/ NEU <130> MXI -'160PC <140> <141> <150> USSN 60/ 146, 313 <151>

1999- 07- 29having bumygshesy/chei®, 2d human dight chagova@blegegivgpwhick comprise the
amino acid sequences shown in SEQ ID NO:10 and SEQ 1D NO:12, respectively, and

conservative sequence modifications thereof.

37. A transgenic non-human animal which expresses a human antibody according to
any one of the preceding claims, wherein the transgenic non-human animal has a genome

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

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

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
secrete human monoclonal antibodies specific for HER2/neu; and

1solating the human monoclonal antibodies which bind to HER2/neu from the

cultured supernatant of the hybridoma.

39.  Animmunoconjugate comprising the human antibody of any one of the

preceding claims linked to a therapeutic agent.

40, The immunoconjugate of claim 39, wherein the therapeutic agent is a cytotoxin.



<%Zg> Patentln Ver. 2.0 <210> 1 <211> 372 <212> DNA <213> Hono sapi ens
< >

gga
Leu

ttc
Phe
ctg
Au
gac
Sex
ctg
Tyr
tac
Ser

ggc
Val

acc
Ser
gag
Trp
tcc
Au
t at

65
t gt
Leu

<221> CDS <222> (1) (372) <400> 1 gag gtg cag ctg ttg gag tc

ttg gta cag cct ggg ggg 48 Gu-yal Gn Leu Leu Gu SgrgG yI%@gQég%
Adn Pro dy Ay 1 5 10 15 tcc ct'g aga ctc tcc tgt gca gecc tct gga
ttt agc agc tat 96 Ser Leu Arg Leu Ser Cys Ala Ala Ser Gy Phe Thr
Ser Tyr 20 25 30 gcc atg acc tgg gtc cgc cag get cca ggg aag ggg
tgg gtc 144 Ala Met Thr Trp Val Arg G n Ala Pro Gy Lys Ay Leu
Val 35 40 45 tca get atc agt ggt agt ggt tat agc aca tac tac gca

ga%l 19 S:ﬁgl'%lgg%colé@&§ etoé %d%m%gt Cgﬂywﬁé(r'ém§% th-légé)elﬂ aéréﬁf id & Asp

ttc aga gac adt tcc aag aac acg

24lebﬁé§togey Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu
75 50 Cctg caa atg aac agc ctg aga gcc gag gac acg gcc gta tat
288 2 8 APR 2004 WO 101/09187 PCT/USOQ 20272 2 Leu A n Met Asn

A %2AI a Ag cgméggtig# Eon’%‘lpr?quga{he 1 munXEon%gsate 8P120s%9-41 and a

pharmaceutically acceptable carrier.

43. A bispecific molecule comprising the human antibody according to any one of

claims 8-23, and a second binding specificity for an Fc receptor.

44.  The bispecific molecule of claim 43, wherein the Fc receptor is a human FcyRI

or a human Fca receptor.

45.  The bispecific molecule of claim 43, which binds to the Fc receptor at a site

which is distinct from the natural ligand binding site of the receptor.

46.  The bispecific molecule of claim 43, wherein the second binding specificity
which binds to an Fc receptor is a human monoclonal antibody or an antigen binding

portion thereof.

47.  The bispecific molecule of claim 43, which is a single chain or Fab’ fusion

protein.

48. A multispecific molecule comprising the human antibody according to any one
of claims 8-23, a second binding specificity for an Fc receptor, and a third binding

specificity for a tumor antigen other than HER2/neu.

49.  The multispecific molecule of claim 48, wherein the third binding specificity is

EGF.



gcg aaa ggg ttt cag tat ggt tog ggg agt tat tat acc cac ttt gac 336

Lys Ay Phe An Tyr Ay Ser Ay Ser Tyr Tyr Thr Hs Phe Asp 100 10% Blﬁﬁﬁ 1004
tac tgg ggc cag gga acc ctg gtc acc gtc gc tca 372 Tyr Trp Ay Gn Gy
Thr Leu Val Thr Val Ser Ser 115 120 <2103" <211> 124 <212> PRT <213>
Hono sapiens <400> 2 Gu Val Gn Leu Leu Qu Ser Ay Ay Gy Leu Val Gn
Pro Ay Ay 15 10 15 Ser Leu Arg Leu Ser Cys Ala Ala Ser Ay Phe Thr Phe
Ser Ser Tyr 20 25 30 Ala Met Thr Trp Val Arg Gn Ala Pro Ay Lys Ay Leu
G u Trp Val 50.35 AGoagposgonApaiprikiag Seun@nyansbedyChyinmyrn@en)ugate, d’Iyl‘risp'EyiﬁcAl a

Thr Lou Tyr mOBguFo0ngubBesttd el ulrtsd inadt Ot B ofe Pt b P et oirry Bnd 5

Val Tyr Tyra&{as-magéu&an 5coé Able¥erfdry Phe G n Tyr Gy Ser Ay Ser Tyr Tyr

Thr H's Phe Asp 100 10 Tyr Trp Ay Gn @y Thr Leu Val Thr Val Ser
Ser 115 120 <210> 3 <211> 321 <212> DNA <213> Honp sapi ens <220>
51.  The composition of claim 50 comprising a combination of two or more isolated

human antibodies which specifically bind to HER2/neu, wherein each of said antibodies
binds to a distinct epitope of HER2/neu.
52. A use of a human antibody according to of any one of the preceding claims for

the preparation of a medicament for inhibiting growth of a cell expressing HER2/neu.

53. A use of a human antibody according to of any one of the preceding claims for

the preparation of a medicament for inducing cytolysis of a cell expressing HER2/neu.

54. A use of an effective amount of a human antibody according to of any one of the
preceding claims for the preparation of a medicament for treating or preventing a disease

characterized by aberrant expression of HER2/neu.

55.  The use according to of anyone of the preceding claims, wherein the human

monoclonal antibody is conjugated to a binding specificity for a Fc receptor.

56. The use of claim 55, wherein the human monoclonal antibody is conjugated to a
cytotoxin.

57.  The use of claim 55, wherein the disease 1s a cancer.

58.  The use of claim 57, 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.

59. A method for detecting the presence of HER2/neu antigen, or a cell expressing

HER2/neu, in a sample comprising:



<221> CDS <222> (1)..(321) <400> 3 2 8 APR 2004 WO (11/119187

PCT/ US00120272 -3 gac ate cag atg acc cag tct cca tcc tca ctg tct ged APRBt2004
gta gga 48 Asp Ile @dn Met Thr A n Ser G © Ser Ser Leu Ser Ala Ser Val Qy
1 5 10 15 gac aga gtc acc ate act tgt egd gcg agt cag ggt att agc agc tgg
96 Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gn Gy Ile Ser Ser Trp 20 25
30 tta gcc tgg tat cag cag aaa cca gag aaa gcc cct aag tcc ctg ate 144 Leu
Ala Trp Tyr G@n G@n Lys Pro Qu Lys Ala Pro Lys Ser Leu Ile 35 40 45 tat
get gca tcc agt ttg cerptangdegsagnleeod acontralggmples waide: ygean agidodyr Al a

Al a Ser Ser .3 n [ | Pro,Ser,Arg Phe Ser. d 0,55 .60 agt gga
tct ggg acaaclggr;éufcgttg Ogc y?{%og@g péetcc?dlgéglaérag “838 C@&S“@ﬁ thagﬁléo%é Ay Ser
Ay Thr AspfoRhgidhéf dedmpibt btthweeStHe aRBbodyest farorRhereofind AERS/HRQ; gAa gat
ttt gca act tat tac tgc caa cag tat aat agt tac ccg tac 286 A u Asp Phe

Ala Thr Tyr Tyr d&jectiggihefosmayen pkhcaepleyr Pro Tyr 85 90 95 act ttt ggc

cag ggg acc aag at c aaa 1.Thr Phe G n Ay Thr L u Gu
le Lys 100 105@2%5%2219%%@5%%0% % formation Betwebn %e sam ecompargcf tol'tﬁe

control sample is indicative the presence of HER2/neu in the sample.

60. An expression vector comprising a nucleotide sequence encoding a heavy chain
variable region selected from the group consisting of SEQ ID NOs: 1, 5, 9, and
conservative sequence modifications thereof, and a light variable region comprising a
nucleotide sequence selected from the group consisting of SEQ ID NOs: 3, 7, 11, and

conservative sequence modifications thereof.

61.  Anexpression vector comprising a nucleotide sequence encoding a heavy chain
variable region comprising an amino acid sequence selected from the group consisting

of SEQ ID NOs: 2, 6, 10, and conservative sequence modifications thereof, and a light

chain variable region comprising the amino acid sequence selected from the group

consisting of SEQ ID NOs: 4, 8, 12, and conservative sequence modifications thereof.



<212> PRT <213> Hono sapiens <400> 4 Asp Ile @dn Met Thr dn Ser P{ﬁ@r 0
Ser Leu Ser Ala Ser Val Ay 1 5 10 15 Asp Arg Val Thr Ile Thr Cys ,&E'é
Ser An Ay [l Ser Trp 20 25 30 Leu Ala Trp Tyr dn ‘ o du
Lys Ala Pro 3??“ gf’”Leu Ile 35 40 45 Tyr Ala Ala Ser Ser %ﬁ"’g@n ér a y
Val Pro Ser Arg Phe Ser Ay 50 55 60 Sen-G@y Ser Ay Thr Asp Phe Thr Leu
Thr Ile Ser Ser Leu dn Pro 65 70 75 80 7 8 APR 2004 w0 111/0918 7

PCT/ US1H}/ 20272 -4 A u Asp Phe Al a ThiEQVRCETRESTEYE G n A n Tyr Asn Ser Tyr
Pro Tyr 85 90 95 Thr Phe Gy @ n Ay Thr Lys Leu Gu Ile Lys 100 105

<210> 5 <2113'364"°92F9>TNA <213> Honp sapi ens <220> <221> CDS <222> (1)

(366) <400> 5 9;8 tg. g tct a ggc gtg gtc cag cct ggg
agg 48 dn \75%61% n e&%%ﬁgo%u’u&\%el%%%@s Eﬁ)%‘%%&%e/al Val Gdn Pro Gy Arg 1 5

10 15 tcc ctg.,aga &hC de6e t gt gca gcg tct gga ttc acc ttc agt agc tat 96
Ser Leu Arg Leu Ser Cys Ala Ala Ser Ay Phe Thr Phe Ser Ser Tyr 20 25 30

<140>
<l41l>

2150> USSN 60/146,213
«181> 1999-07-29

<150> USSN 60/1B8B,539
<15)> 199%-03-10

<160> 13
<170> PatentlIn Ver. 2.0

<210> 1

<21l1> 372

<212> DNA

<213> Homo sapiens

<220>
<221> CDS
«222> {1)..{372)

<4Q00> 1
gag gtg cag ctg ttg gag tct ggg gga ggc ttg gta cag cct ggg ggg 48
Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1 5 10 15

tce ctg aga cte tee tgt gca gee tet gga tte ace ttt age agce tat 96
Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 3C

gcc atg acc tgg gtc cgce cag got ¢ca ggg aag ggg ¢tg gag tgg gtc
144

2la Met Thr Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

tca gct atec agt ggt agt ggt tat agc aca tac tac gca gac tec gag

192

Ser Ala Ile Ser Gly Ser Gly Tyr Ser Thr Tyr Tyr Ala Asp Ser Glu
50 55 60

aag ggc ¢gg tte acc atc tcc aga gac aat tcc aag aac acg ctg tat

240
Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 8C

ctg caa atg aac agc ctg aga gcc gag gac acg goc gta tat tac tgt
288



gac ata cac tgg gtc cgc cag get cca ggc aag ggg ctg gag tgg gtg lﬁﬁﬁpm"
Ile H's Trp Val Arg Gn Ala Pro Ay Lys Ay Leu Gu Trp Val 35 40 gca

gta ata tgg ggc agt aat aaa tac cat gca gac tcc gt 192 Al a Val
Ile Trp Tyr %"‘%@§S7Ser Asn Lys Tyr His Ala Asp Ser Val 509388H"3%y ggc
cga ttc acc atc tcc aga Sac aat tcc aag-aac acg ctg tat 240 Lys Ay Arg
Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 65 70 75 80 ctg caa
atg aac agt cky gaMgecdpgaiprgEt: ATy AgetClytAFet Abr the egtTyr288 Lteu A n Met
Asn Ser Leu Arg Ala Gu Aspg>Thr Ala Val Tyr®®Tyr Cys 85 90 U5 gcg aga aac
tat ggt ttg ¢ agt tat tat aac tac ttt gac ttc tgg 336 Ala Arg Asn Tyr
Ay Leu Ay S&Ff ET%'r I EASTTITYA® e PES FEPHEITTY “10G°10% 196 §¥¢ cag gga

6
acc ctg gtc ag c.tecc,.tca 366 Ay AGn hr Leu Val Thr Val Ser Ser
115 120 2 & APR %oii’(/@gg)‘%ﬁﬁ’é?%*’ éé‘idﬁ%g’ge\éi 11371237 85178 PRT <213> Hono
sapi ens PCT/ US00/ 20272 <400> 6 G n Val &n Leu Val GuSer @ y Ay dy Val
Val Gn Pro Qat A¥fggc cag gga ace ctg gte ace gte tee tea

372

Tyr Trp Gly Gln Gly Thr Leu Val Thry Val Ser Ser
115 120

<210> 2

<211> 124

<212> PRT

<213> Homo sapiens

<4GiU> 2
Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ala Met Thr Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ala Ile Ser Gly Ser Gly Tyr Ser Thr Tyr Tyr Ala Asp Ser Glu
50 55 &0

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala val Tyr Tyr Cys
BS $0 95

hla Lys Gly Phe Gln Tyr Gly Ser Gly Ser Tyr Tyr Thr His Phe Asp
100 105 110

Tyr Trp Gly Gln Gly Thr Leu Val Thr val Ser Ser
115 120

<210> 3

<211> 321

«212> DNA

<213> Homo sapiens

«220>
<221>» CDS
«222> (1) ..(321)

<400> 3



15 10 15 Ser Leu Arg Leu Ser Cys Ala Ala Ser Ay Phe Thr Phe Ser Ser Tyr
20 25 30 Asp Ile H's Trp Val Arg Gn Ala Pro Gy Lys Ay Leu Qu Tr Byﬂnw
35 40 45 Al a %8'!}1)%1 7Trp Tyr Asp Ay Ser Asn Lys Tyr H's Ala Asp Se a
50 55 60 Lys Gy "At'§"Phe Thr 11e Ser Arg Asp Asn Ser Lys AsRCTHpOORZBIT2 Tyr
65 70 75 BO Leu G n Met Asn Ser Leu Arg Aka Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95 Ala Arg Asn Tyr Gy Leu Ay Ser Tyr Tyr Asn Tyr Phe Asp Phe Trp
100 105 110 Ax<@4y Gy aThrackeersVade Thr tvalccSertgSert gdal bed 20a<g2h0> 48 <211>
321 <212> DNASR2AIZ>GHpHp: Fapi @rrss«20> sexZ21>LeCDS: <BR2Sef Mpl(B21) <400> 7
gac ate cag atglacc cag tct éca tcc tca ctglfct gca tct gtaifga 48 Asp lle
Gn Mt Thr Gn Ser Pro Ser Ser Leu Ser Ala Ser Val Ay 1 5 10 15 gac aga
gtc acc ate acf tHt %:gig; %@;5@;%&? 957 tagég‘"t?ga% fggaQMﬁCAﬁg Vva&f Thr
Ile Thr Cys ArgrAld Ser H s &VIHe AreTrp? 55 §fF t°¢4 Yec tgg tat
cag cag aaa cca gag aaa gcc cct aag tcc c?g atc 144 Leu’N a Trp Tyr G n
Gn Lys Pro Gualys AL QabYSeS8la LeU L) €. 3R 4042, 90 ctg ate

144

Leu ARla Trp Tyr Gln Gin Lys Pro Glu Lys Ala Pro Lys Ser Leu Ile
35 40 45

tat gct gca tcc agt ttg caa agt ggg gtc cca tca agg ttc agc ggc
182

Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

agt gga tct ggg aca gat ttc act cte acc atc agc age ctg cag cct

240
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro

65 _ 70 75 80

gaa gat ttt gca act tat tac tgc caa cag tat aat agt tac ccg tac

2BB

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Asn Ser Tyr Pro Tyr
BS S0 85

act ttt ggc cag ggg acc aag ctg gag atc aaa

321

Thr Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys
100 105

«210> 4

«2311> 107

«212>» PRT

<213> Homc sapiens

<400> 4
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Ser Ser Trp
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Glu Lys Ala Pro Lys Ser Leu Ile
35 40 45

Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 &0

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 BD



tat get gca tcc agt ttg caa agt ggg gtc cca tca agg ttc agc ggc 2 8 AS@R 004
2004 WO 01/419187 PCT/ US00120272 6 192 Tyr Ala Ala Ser Ser Leu d nl8 C”/
Val Pro Ser A he. Ser Ay 50 55 60 agt gga tct ggg aca g ctc
acc atc agc @83”@ 87 cag cct 240 Ser Ay Ser Ay Thr Asp Pﬁéew}f%ﬁﬂ e’%/ Thr
Ile Ser Ser Lev G n Pro 65 70 75 80 gaasgat ttt gca act tat tac tgc caa
cag tat aat agt tac ccg tac 288 A u Asp Phe Ala Thr Tyr Tyr Cys An dn
Tyr Asn Ser Tir Rroffeyala 88r JOr9b/ragys it Fychreabprgfey det Fgagtt g gag atc
aaa 321 Thr Phe Gy G n Gy Thr Lys Leu G°t Ile Lys 100 FO85 <210> 8
<211> 107 <212> PRT <213> Hono sapi ens <400> 8 Asp Ile @n Met Thr G n Ser
Pro Ser Ser U¥a & R §UBEFY VAR IdsyLe“_lG§u T0®18°Asp Arg Val Thr Ile Thr Cys
Arg Ala Ser Hs Gy 11 &°Ser Ser Trp 2025 30 Leu Al a Trp Tyr An @n Lys
Pro Gu Lys Ala Pro Lys Ser Leu Ile 35 40 45 Tyr Ala Ala Ser Ser Leu Gn
Ser Ay Val Pro,Ser Arg Phe Ser Ay 50 55 60 Ser Ay Ser Ay Thr Asp Phe
Thr Leu Thr 1)lg,Sak;Ser Leu An Pro 65 70 75 80

<212> DNA

<213> Homo sapiens

<220>
«221> CDS
«222> (1})..(3686)

«<400> 5
cag gtg cag ¢tg gtg gag tct g9y gga ggc gtg gtc cag cct ggg agy 48
Gln Vval Gln Leu Val Glu Ser Gly Gly Gly Val Val Gln Pro Gly Arg

1 5 10 15

tcc ctg aga ctc tec tgt gca gog tet gga tte acc tte agt age tat 96
Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 36

gac ata cac tgg gte cgc cag get cca gge aag ggg ctg gag tgg gtg
144

Asp Ile His Trp val Arg Gln ARla Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

gca gta ata tgg tat gat gge agt aat aaa tac cat gca gac tcco agtg

192

Ala Val Ile Trp Tyr Asp Gly Ser Asn Lys Tyr His Ala Asp Ser Val
50 55 60

aag ggc cga ttc acc atc tce aga gac aat tec aag aac acg ctg tat

240
Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 ac

ctg caa atg aac agt ctg aga gcc gag gac acg gct gtg tat tac tgt

2ge

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala val Tyr Tyr Cys
85 g¢ 95

gcg aga aac tat ggt ttg ggg agt tat tat aac tac ttt gac ttc tgg

336

Ala Arg Asn Tyr Gly Leu Gly Ser Tyr Tyr Asn Tyr Phe Asp Phe Trp
100 145 110

gge cag gga acc ctg gtc acc gtc tcc tca

366

Gly Gln Gly Thr Leu Val Thr Val Ser Ser
115 120



G u Asp Phe Ala Thr Tyr Tyr Cys G n Gn Tyr Asn Ser Tyr Pro Tyr 85 90 95
Thr Phe Ay G n @y Thr Lys Leu Gu Ile Lys 100 105 <210> 9 <2112 §38& 7004
<212> DNA <213> Homp_sapi ens <220> <221> CDS 2 8 APR 2004 WO /)1/09187
PCTI USOOL2027%09%%d8%55" (1) .. (366) <400> 9 cag gtg cag ct BCHYYHGHG t ct
ggg gga ggc gtg gtc cag cct ggg agg 48 Gyn Val G n Leu Val Gu Ser Ay Gy
@y val vVal Gn Pro dy Arg 1 5 10 15 tcc ctg aga ctc tcc tgt gca gcg tct
gga ttc acc ttc agt agc tat 96 Ser Leu Arg Leu Ser Cys Ala Ala Ser Ay Phe
Thr Phe Ser SeriTyr 20 25 30 gtc atg cac tgg gtc cgc cag get cca ggc aag
ggg ctg gag tggiygtd22144 Val Met His Trp Val Arg Gn Ala Pro Ay Lys Ay
Leu Gu Trp Vak23%RA0 45 gca gtt ata tgg tat gat gga agt aat aaa tac tat
gca gac tcc gtgr* 12 "N=EPVES |le Trp Tyr Asp Gy Ser Asn Lys Tyr Tyr Al a
Asp Ser Val 536055660 aag ggc cga ttc acc atc tcc aga gac aat tcc aag aac
acg ctg tat s.dy Arg.Phe Thr |le_Ser Arg Asp Asn Ser Lys Asn Thr
Leu Tyr 65 7 ?53%0@1(:]} ée%élgéa g %%ch!é g%th;'a‘@ag %CGH&ér‘bﬁélg § get gtg
tat tac tgt

Ser Leu Arg Leu Sexr Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Asp Ile His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ala Val Ile Trp Tyr Asp Gly Ser Asn Lys Tyr His Ala Asp Ser Val
S0 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tvr
65 70 75 BO

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Rla Val Tyr Tyr Cys
BS 90 55

Ala Arg Asn Tyr Gly Leu Gly Ser Tyr Tyr Asn Tyr Phe Asp Phe Trp
100 105 110

Gly Gln Gly Thr Leu Val Thr Val Ser Ser
115 120

«210> 7

<211l> 321

<212> DNA

<213> Homo sapiens

«220>
«221> CDS
«222> (1)..(321)

<400> 7
gac atc cag atg acc cag teot <ca tec teca ckbtg tet gca tet gta gga 48
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Vval Gly

1 5 10 15

gac aga dJgtc acc atc act tgt ¢gg gog agt cat ggt att agc agc tgg 96
Asp Arg Val Thr Ile Thr Cys Arg Ala Ser His Gly Ile Ser Ser Trp
20 25 30

tta gcco tgg tat cag cag aaa cca gag aaa gocc cct aag tcoce ctg atc

144

Leu B&la Trp Tyr Gln Gln Lys Pro Glu Lys Ala Pro Lys Ser Leu Ile
35 40 45

tat gct gca tcc agt ttg caa agt ggg gtc cca tea agg tte age gge



288 Leu G n Met Asn Ser Leu Arg Ala A u Asp Thr Ala Val Tyr Tyr Cys 0360
95 gcg ctt atg gtt cgg gga ctt att ata acg ggg tac ttt gac tac tad 8@%2
Leu Met Val Apg,4d1y- Leu Ile Ile Thr Ay Tyr Phe Asp Tyr Trﬁtwéé?;@/z(k% 110
ggc cag gga acc ctg gtc acc gtc tcc tca 366 Ay Gn @y Thr Leu Val Thr
Val Ser Sex 115 120 <210> 10 <211> 12%&- <212> PRT <213> Honp sapi ens
<400> 10 Gdn Val dn Leu Val u Ser Ay dy Gly Val Val Gn Pro Ay Arg 1
S 10 15 Ser Léwu Ar Leu Ser Cys Ala Ala Ser Phe Thr Phe Ser Ser Tyr 20
25 30 Val Met™YHi* aT‘?lﬁ‘ Vel SRF QEGGHI“ 2 Provet fnyssefd*S? P25 56F FiTrp val 35
40 45 2 6 APR 2004 wo 111/ 091 N 7°PCT/ US4}012027f 8 Ala Val Ile Trp Tyr

Asp Ay Ser Asp VS, LY r,ALa p..Se y. Arg Phe Thr
Il e Ser Arg Es t% %g ® ASn #ﬁ acﬁe%jt Cc agg %g gﬁ% lé%asLe N én Met Asn
Ser Leu Arg @La@ UsASB1y %rélsg pValThizyLeuT)mr Q1S 585520.,95 oA @-beu Met Val
Arg Ay Leu Illke Ile Thr Gly Tys Phe Asp Tyr Trp 100 105 110 by A n Ay
Thr Leu Val Thr Val Ser Ser

gaa gat ttt gca act tat tac tgc caa cag tat aat agt tac ¢cg tac

28BB

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Asn Ser Tyr Pro Tyr

8% 90 95

act ttt ggc cag ggg acc aag <tg gayg atc aaa

321

Thr Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys
100 105

«210> 8

<211> 107

«<212> PRT

<213> Homo sapiens

<400> B
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser His Gly Ile Ser Ser Trp
20 25 30

Leu Ala Trp Tyr Gln Gln lys Pro Giu Lys Ala Pro Lys Ser Leu Ile
35 40 45

Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 &0

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 BC

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Asn Ser Tyr Pro Tyr
85 80 85

Thr Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys
100 105

<210> 9

«211> 366

<212> DNA

<213> Homo sapiens

<220
«221> CDS



115120 <210>11 <211>324 <212>DNA <213>Honpsapi ens <220> <221>CDS
<222>(1)_.(324) c400>11 gaa att gtg ttg aca cag tct cca gcc acc ct@g APR b
tct cca ggg SMolle Val Leu Thr An Ser Pro Ala Thr Le r Ser Pro
Gy 15 10 1§\8%glgﬂjgsg7a gcc acc ctc tcc tgc agg gcc agt cag gpgq%?lgst”tn%g&c agc
tac 96 du Arg Ala Thr Leu Ser Cys Arg Al.a Ser A n Ser Val Ser Sex Tyr 20
25 30 tta gcc tgL :;c caa cag aaa cct ggc cag get ccc agg ctc etc ate 144
Leu Ala Trp Ty*22d m)G-m3deys Pro Gy G n Ala Pro Arg Leu Leu Ile 35 40 45
tat gat gca tcc aac agg gcc act ggc atc cca gcc agg ttc agt ggc 192 Tyr
Asp Al a Sex AstP°Arg Ala Thr Ay Ile Pro Ala Arg Phe Ser Ay 50 55 60 agt
ggg tct ggg a‘éi’f g&% PECCECE T LRI dCE ﬁgegﬁfgé"%g I@S GHg-TcrET 24D SEY Gy
Ser dy Thr At Gfﬁr“ll‘e‘(ﬁ“‘l’ﬁ?“ 1FE BerS%efdal ¢t Popr°651’70r975 80 gaa
gat ttt gca gtt tat tac tgt cag cag cgt agc %ac tgg cct ccg °288 Qu Asp

Phe Ala Val Tyr TYL SyS.d b 85,90,95 tac act
tit gge cag ohg aEt o o ot gezgég ate gs.ar?’%%y NP E’%é@g sor Tyr

20

gtc atg cac tgg gtc cgce cag gct cca gye aag ggg ctg gag tgg gtg
144

Val Met His Trp val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

gca gtt ata tgg tat gat gga agt aat aaa tac tat gca gac tcc gtg
192

Ala Val Ile Trp Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val
50 55 60

aag ggc cga ttc acc atc tcc aga gac aat toc aag aac acg ctg tat

240
Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
6% 70 75 BC

ctg caa atg aac agc ctg aga gcc gag gac acg gct gtg tat tac tgt

288

Leu Glin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala val Tyr Tyr Cys
85 90 95

gcg ¢ttt atg gtt ¢gg gga ctt att ata acg ggg tac ttt gac tac tgg

136

Ala Lieu Met Val Arg Gly Leu Ile Ile Thr Gly Tyr Phe Asp Tyr Trp
100 105 110

ggc¢ cag gga acc ctg gtce ace gte tec tca

366

Gly Gln Gly Thr Leu Val Thr Val Ser Ser
115 120

<210> 190

«211> 122

<212> PRT

<213> Homo sapiens

<400> 10
Gln Val Gln Leu Val Glu Ser Gly Gly Gly Val Val Gln Pro Gly Arg
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 3c

Val Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45



W01/ 09187 -9 Tyr Thr Phe Ay An Gy Thr Lys Leu Qu Ile Lys 100 10%
<210> 12 <211> 108 <212> PRT <213> Honmp sapi ens PCT/ US11111211228 APRot§B
12 Gu lle Vgl hr G@n Ser Pro Ala Thr Leu Ser Leu Ser , 1510
15 du Arg AI%aObFﬁ}ré]ﬁ-Eeu Ser Cys Arg Ala Ser A n Ser Val Ser P?er?JS 3;%627220 25
30 Leu Ala Trp Tyr A n dAn Lys Pro Qy &Gn Ala Pro Arg Leu Leu Ile 35 40
45 Tyr Asp Ala Ser Asn Arg Ala Thr Ay Ile Pro Ala Arg Phe Ser Ay 50 55
60 Ser Ay Ser Ay Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gu Pro 65 70
75 80 G u Asp*Ph&2ATAsVEP T A58 FL0pE° AR Sn TS §YEEY A AR §5p ' Pto Pro 85
90 95 Tyr Thr Phe’Wy @ n Ay Thr°tys Leu Gu I1e®lys 100 105 <210> 13
<211> 3159 <212> 3 AN quen > 23> cription of
Artificial Se(%q ¥ ﬁégwgr%%i ﬁ%ﬁ\%%ptsgg p%.o%g Aljs% g% tigéc%éacﬁ%g%ugﬁ:gac
aagcttcgaa ttcagtatcg atgtggggta cctactgtcc 60 cgggattgcg gatccgcgat
gatatcgttg at el ¢gaGler MB0660CAY st @trgsanaakp 320 rla Val Tyr Tyr Cys

BS 90 95

Ala Leu Met Val Arg Gly Leu Ile Ile Thr Gly Tyr Phe Asp Tyr Trp
100 105 110

Gly Gln Gly Thr Leu Val Thr Val Ser Ser
118 120

«210> 11

<21l> 324

<212> DHNA

<213> Heomo sapiens

<220>
<221> CDS
«222> {1}..(324)

<400> 11
gaa att gtg ttg aca cag Lct cca gcc acc ¢tg Lot ttg tet cca ggg 48
Glu Ile Val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly

1 5 10 15

gaa aga gce acc Ccte toc tge agg gec agt cag agt gtt agce agc tac 96
Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser val Ser Ser Tyr

20 25 30
tta gce tge i caa cag aaa cct gge cag gct ¢cc agg ctc ¢tc atc
144
Leu Ala Trp Tyr Gln Gln Lys Pro Gly Glm Ala Pro Arg Leu Leu Ile
a5 40 45

tat gat gca tcc aac agg gec act gge atc cca gcec agg ttc agt ggc

192

Tyr Asp Ala Ser Asn Arg Ala Thr Gly Ile Pro Ala Arg Phe Ser Gly
50 55 60

agt ggg tct ggg aca gac ttc act ctc acc atc agc age cta gag cct

240
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu Pro
65 70 75 80

gaa gat ttt gca gtt tat tac tgt cag cag cgt agc aac tgy cct <cg

288

Glu Asp Phe Ala val Tyr Tyr Cys Gln Gln Arg Ser Asn Trp Pro Pro
85 20 95

tac act ttt ggc cag ggg acc aag ctg gag atc aaa
124



aaagcccgct cattaggcgg gctcttggca gaacat atcc
cagccgcacg cggcgcatct cgggcagcgt tgggtcctgg

t WIARYRREC ggctaggetg gcggggttge
at caccgata cgcgagcgaa cgtgaagcga ctgctgctgce

gctcctgtcg

1004 w0 01/09187 PC T/ US00/ 20272 -
420 gccctgcacc attatgttcc
t gPtrget &be CBtvgbggadc Th480sakot atatiée lgsatt aacga
540
600
660
720
780
840
900
960
caugt apcyal tiagengagig se1 (G20 Aiat aed ggctset aaat ad-gs@ g@cat cagage

15

t ccgt aaagt
cgcaggat gc
ttgaccctga
acaacgttcc
tcgtttcatc
gt gaccaaac
acgcttctgg
cttcacgacc
gaaaacct ct
gggagcagac
at gacccagt
agatt gt act

ct ggaagct ¢ ggaagt cagc

gtgatttttc t'®°ggtcccg
agt aaccggg catgttcatc
gotgtcatta cccccatgaa

aggdaaaggc cgcccttaac
agaaactgaa cgaget ggac
acgGhgalgs gelitiaccgC
gacacat gca gctcccggag

aagooesgica gggcgcgtca

cecat ccat
at cagt aacc
cagaaattcc
at ggcccgcet
gcggat gaac
agct gcct cg
acggt cacag
gcggatgttg

gagagt gcac cat at gcggt 10
Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln
20 25
Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala
35 40
Tyr Asp Ala Ser Asn Arg Ala Thr Gly Ile Pro
S0 55

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile
65 70 75

Glu Asp Phe Ala Val Tyr Tyr Cys Gln Gln Arg

B5 S0
Tyr Thr Phe Gly Gln Gly Thr Lys Leu Glu Ile
100 105

«210> 13

«211> 3159

«212> DNA

<213>»> Artificial Sequence

<220>

<223> Description of Artificial Segquence:
«<400> 13

aattagcggc cgctgtcgac aagcttcgaa ttcagtatcg
cgggattgey gatccgecgat gatatcgttg atcctogagt
120

aaagcccoget cattaggeogg gotcttggca gaacatatcco
180

cagccgcacyg cggcegcatct ¢gggcagcgt tgggtcctgg
240

gcteoctgicg ttgaggacce ggctaggcectg goggggttge

. 300

atcaccgata cgcgagegaa cgtgaagega ctgctgetgce

at cgcgtccg ccatctccag
ccacgggt gc gcatgatcgtzga@ng4
cttactggtt agca aat
aaaacgtctg cga
10 360 aacaacatga atggtcttcg gtttccgtagt

accgccagtt
cgt at cgt ga
cccttacacg
tt at cagaag
aggcagacat
cgcgtttcgg
cttgtctgta

gcgggtgtcg

Ser Val Ser
30

Pro Arg Leu
45

Ala
60

Arg Phe
Ser Leu

Ser

Ser Asn Trp

Ser

Leu

Ser

Glu

Pro

180

a 300

¢33 APR

ggat ct gcat
agcgct ggca
gtttaccctc
gcatcctctc
gaggcat caa
ccagacatta
ct gt gaat cg
t gat gacggt
agcggat gcc
gggcgcagac

Tyr
Ile
Gly
Fro

80

Pro

95

Lys

cloning vector

atgtggggta

gcggecgcag

atcgecgtceg

ccacgggtgce

cttactggtt

aaaacgtcetg

cctactgtee 690

tatgcaaaaa

ccatctccecag

gcatgatcgt

agcagaatga

cgacctgagce



1080 gt gaaat acc gcacagatgc gtaaggagaa aataccgcat caggcgctct tccgctg:[gggR 004
1140 cgctcactga ctcgctgcgce tcggtcgttc ggctgcggecg agcggtatca gcetca

1200 aggcggtaat acggttatcc acagaatcag gggataacgc aggaaagaa aa
1260 aaggccaﬁ?ﬁ”gggggccagg aaccgt aaaa aggccgcgtt gctggcgttfcﬁ%%@%ﬁ%ggc
1320 tccgcccccc tgacgagcat cacaaaaatc gaggctcaag tcagaggtgg cgaaacccga
1380 caggact ata aagataccag gcgtttcccc ctggaagctc cctcgtgecgce tctcecectgttce
1440 2 0 APR32004 WO O 1 09187 PCT/USO4 /2+}272 cgaccctgcc gcttaccgga
tacctgtccg cctttctccc ttcgggaagc gttgcecgettt 1500 ctcatagctc acgctgtagg
tatctcagtt crareRiet EHETCHES et Tag A gyyer222P568 2§t Hge AGasHéEEceegt t
cagcccgacc gct§cgectt atccggtaac tatcgtcttg 1620 agtccaaccc ggt aagacac

gacttatcgc cactggcagc agccaggcgc_gccttggect 1680 aagaggccac tagiaacagg
at t agcagag cg‘jt%@g?ga ng aa“g@tcgég%gg?a%é Gag ?ccatggatfﬂr@c? %%cé:gt gcd:t% atggqggf aact ac
ggct acact a gaaggacagt atttggtatc tgcgctctgc 1800 tgaagccagt taccttcgga

aaaagagttg gtAgelohid ALECAISAIERAGAGCEHL L0 ot 0GLA0CTGdgat LT LTt
gtttgcaagc agmagattac gcgc :aaaa aaaggatctc 1920 aagaagatcc tttgatcttt
t ctacggggt ctgacgctca gt ggaacgaa aactcacgtt 1980

ccgcatccat accgccagtt gtttacccte acaacgttec agtaaccggg catgttcatc

600

atcagtaacc c¢gtatcgtga gcatectctco togtttecatce ggtatcatta\cccccatgaa
660

cagaaattce cccocttacacg gaggcabcaa gtgaccaaac aggaaaaaac cgcccttaac
720

atggcccgct ttatcagaag ccagacatta acgcttctgg agaaactcaa cgagctggac
780

gcggatgaac aggcagacat ctgtgaateg cttcacgacc acgctgatga gctttaccgce
640

agctgcctcg cgcgtttegg tgatgacggt gaaaacctcet gacacatgca getcocggag
300

acggtcacag cttgtctgta agecggatgcc gggagcagac aagcccgtca gggogegtoa
Se0

gcgggtgtty gegggtgtcg gggogcages atgacccagt cacgtagcga tagcggagtg
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