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anti - EGFR/ anti -1 GF- 1R anti bodi es The present invention relates to

bi speci f iwoantwdedies agai nst EGFR and agai nst | G- 1R, metrmpd®9ofoos7st hei r
production, pharnmaceutical conpositians containing said antibodies, and
uses thereof. 5Background of the Invention EGFR and Anti-EGFR Anti bod| es
Human epi der nal growth factor receptor (also known as HERZ393rWE-WIB1, and
referred to herein as "EGFR') is a 170 kDa transnenbrane receptor encoded
by the c-erbB prot o-oncogene and exhibits intrinsic tyrosine kinase
activity (Mdjtahedi, ncer, 73 (1996) 228-235;
Herbst, R S., and Shin, ﬁ?%‘fﬁc %%&FQ};"PM afibofiest)  Swi ssProt

dat abase entry P00533 provides the sequence of EGFR There are al so

i sof or s arlthevpresenntisventiok@ElRtes eto chispeal ficedrtitiodies dghist Eﬂ}ﬂtlah@tagamt;tr uncat ed

ver si ons, yier , | udin { d

identifi edlqgIF gg\ﬁ glglh?)gF fapttﬁ %a é&gln Y gl?ﬁ%’tg?és]u%lsﬁlog%{)%mééoé alﬂmg 15
P00533- 3, anld @0@5@35 deSBSRhclr;Of(novm to bind |igands including epidernal
grow h factor (EGF), transformng growmh factor-a (TG -a), anphiregulin,

hepar ¢ n- bi igicherdifdd éfthe Ftentidaet acel lulin, and epiregulin (Herbst, R S. ,
and Shin, D M, Cancer 94 (2002) 1593-1611; Mendel sohn, J., and Basel ga,

., Oncoge 0Q) 6565) . EGFR regul ates numerous cel | ul ar
pr ocesses M@é‘ﬁ&ﬂe‘a@ﬁgﬁ‘gg ‘;‘6 medi at ed signal transduction pathways,
including, but not limted to, activation of signal transduction pathways
t hat cont r dlurcsl Epidermial fgeowth fnctordbédpﬁ)’re(latsbakrioam aC HIHR-$ wrVErbaB 1, adopt osi s,

i |
Oncol ogy 1AL RERESIST RN 0 PRYA% Balddtiiiine RoepBtedbucd 8hfke, 45,
4-9: Her bstc;erRBgrotozgngomsmien andemibitOmirinsic gmosqmb@)tselwmtmlmdﬁmﬁl,t ahedi ,
H, &b 25a|H;etE’en B.J. @aa&&ﬁ3?$946}%9§)2332ﬁe1%§(5ks0‘ﬁ% SHRAr BM, €An&dr JaGFR has

been report nant condjtions, inciuding cancers of

the bl added qgr)aﬁyﬂ lfgéi %‘H&nﬁ‘é’&l@atab cfgs PO 8 Proyidessthe ssguene fol on,

gl)g th ig 23 Bl_tgllél ﬂfhey aréAdI@d asofox&s aﬁd vahants AffhEGch(Jéz %g)zaltkﬂaaﬁg@(l&NA 20

rbs canger, . .

Modj t ahedi ta]g‘s tt% tmlncatb% Versjonscgﬁlc?'g?o%STng% Qégélﬂg%‘)t E? t8f t hese
condi tions thQShelewEﬁed(m)eﬁmwr@ﬁ de@bmsec entrg| ntreberer PO3533s508080333d2,wi t h
oor 1rogn t , r 94
onoz 1%9%?)%%251% ml\/g%i?a kG ﬁﬁﬁ&wﬁ ) bm@g%ar?‘gy n%fa“[&“l’\% e‘?‘?@?ﬁ@%)
228-235). Eerrhfactar (s[*‘eﬁ@( Hﬂ@-‘sfg"é%!ng BT f@@plr-gf (56 T-adramphiregylin deparin-

parzl cul f" |andu'i?E@ll“ @B@Gﬂ beia8&lfn, Md éfifegh lKh lraHexlblsmrs lamltsmn D.M,,
astrointe e 0 e S

gal i gnant g%_éﬁﬁ%)[ls%é %%g&'r?&h%g%ﬂ‘ 5 ’N{ ?‘fgg}’eér &O%%g%(Zé@@g 1611).

5Unconj ugatesd0+6665Hc | BGER m@ﬂ@@m&me{aﬁbs@lluﬁmnpmemefwh uyaﬁum—klﬁsSefor t he

t r eatgrent r §]

i B ot 1 a1 SEAEE Senal PorRBIRRS, il kit pit piCREES, tition ok ) 1or

the treat rre‘ranabtraa e dabivesys t thata perdrol (aghli pIIObqu@tm diffekntiatean, adell, Sem n.
Oncol . 26 (GhQ9R, %'Bl?o’ils @gﬁﬁ') Q{kh%fsgm1wg%esm ah8- m&ﬁ'ﬁés‘ls @Ataﬁé’yg%g etg'%l9 18),

Ri tuxi mab (Ri tuxanT r maceut | cal s,
Genent ech HE: OnS‘é]ﬁgFrlérﬁ%(?oééd34@A)7’63sf1€§?‘°7t“h§ ata:néeﬂ%ﬁﬁ{R& 5‘(%2‘@4;{89%% ve
B-cel |, | ow-@riaetBstoR.S. adnldi SHih,aD. MND Taired 94 i(POR) [139BN 6 1E;, MGEjIAHEAH IFR et

(104 T 6 EGRRH B athy or, e gt o el apsed dcut e

Phar maceuti cal s/ Schering AG for the treatnment of B cell chronic
| ynphocyt i ©vetdprassikanpf. EGRR basc beers reportdiese mmoeioes hunedni esaligogntonl y on

tA hgl r e{ f ;%@demgﬁrg ﬁ@éléan%eaﬁ&?g (%f fﬁgtbﬁdggld %&i (gﬁ gteaxlg%@ﬁ éﬁg@lgﬂéo Lgﬁgz
21 (1999) Begsst @yary, golog; peostate.rd laém.‘/e\(émims%ﬁt @heg@ndpag@logy Hére is
currently @008) 84611368 £8lertsh RIS aadd SBinhINE Camesidd @0aDS i1boslyspptivity

than3(y\/n at IN?och%Ple&alﬁy e?f ! or d béanucgrc Olgj t'l%%%?%Zig%S) In many of these
conditions, the overexpression of EGFR correlates or is associated with poor
prognosis of the patients. (Herbst R.S., and Shin, D.M., Cancer 94 (2002) 1593-




20t herapy. The results of a nunber of studies suggest that

Fc-recept or-dependent nechani sns contri bute substantially to the action of
cyt ot oxi cwanviosdides agai nst tunors and indicate that aRCOEPRNI00&R2 i body
agai nst tunors would bind preferentially to activation Fc receptors and
mnimally to the inhibitory partner FeeRI IB. (Clynes, 25 R A, et al.,
Nat ure Medicine 6(4) (2000) 443-446; Kalergis, A.M, and Ravetch, J.V., J.
Exp. Med. 195(12) (2002) 1653-1659. For exanple, the results of at |east
one study d@dbeModitabedipbl. yetoalphBs nd. |®artch1e731c(99$6)l 28 él:i%ptﬁﬁFle also
particul ar, r \: C erapy.
(Cartron. exgn%ss%rd 19”[:913 Bg|eﬁ§ ?@%%Qldtlé’g'g%% zr%ﬁgzél%fri)gﬁ? éf)_],tﬁt:hﬂnttlssg g{v%/e Dt
patients héh@sz’Sbsa“ﬂogasFemsFlpal rB@ Rlkeugh ‘Begec"é’iallb’e'@ﬁ’@hé@"ql%ﬂl%nt Wixi mab

than heter Qﬂaa?@uﬁt deflé (18tbst, R cardl8 iR 5.M 0Uahdes 04 (2413Y 159 18Uper i or
response was e to better in vivo binding of the antibody to FcyRI 11 a,

ot o> ol dotouugaps iteorns ARt (od8) b IRO mfcpRoSintie at i on

of EGFR in tltehenermtof &amder Ldsatemqnstrsnembykhelébﬁ Fagi ord, DiupeAdtnynistadtionlst i ng

1) NonocPRaaft ShrEEAlfal [ERRepty. GBI’ B F fho w8 o L72Y
portion of aggFRed Rrfastcanser(Grilla-hopszo &kl.ng ali Semin. lﬁ?n@dl 7§ @AA2P) &-Ther eby
i nhibits dqym&ﬂbe?gﬂmmn@msqqﬂarm elebb) 909J1Bj ialiRa (RigLan™, PEcand

Her b nal 4-9) veral nurine nonocl onal ant| bodi es
haveiﬁ)een g’é‘ﬁ@%‘gk}%%| gﬂ(%%lﬁéﬁ v %‘lﬁ’c enenfchdpe nan Frangisgyd-vhitehthSave been
eval uat ed fheatnidnei of abDRO t yositivealB-eell, tlowiradyy @t Ifollitulsd USén-HRdgrih&f t

ot al - Cantopnipe, CliyRepoat MBS, e ARG famgtg ! T
Cancer Res Oflelénsgéayutimmé1®)kenﬁmranéx°dnmlnmun@vmc%@BATHEm1\mllemum .
Phar maceut 'P%éhﬁéceht?ca"l’s/@&ﬂehﬁ Aa) 'mﬁﬁfﬁt@ﬁ%@ %@gé RNt dhay 13&@50% rai sed

agai nst hunan epi der noi d ci noma ce and was t

clinlTal steHkerda. Jﬂleﬁaﬁqeéh@%thﬁﬁqmomﬁmélean@wéhm@e@eqfﬁcwrbﬂt alse@nof t he
larynx or tHdr waamlagm&y(ﬁbﬁres (enuomopei AJEb'tral Refih. dacehlzrsqhegggngl CR62.

252 (1995) ,433- 9 addi t. .he rat n odi es
and | CR80, “WHi’e 23Bidﬁgb“'tr¥’=re I\’é;%\i‘r a‘cé1‘| GinF- gp ng‘%ﬁgb%lg@% qﬁa?ﬁe'% gR hown t o
be effecti \aehlat/emcnm bf thepgdtuge, thieredis mgrreﬁtl)Eﬁargadmta@Et n cﬂhanr nCiepher .

( Modj t ahedig 0-316). i ne
monocl onal “2nt |l%o§ﬁb(%iﬁr5acmﬂg #%er gﬁl&lmgfggrhi(g% al' §6 ju 6t§| nst 't he
huma#0 A431 tesars- noma cel |l line and was found to bind to a pol ypeptide
epi tope on the external donmain of the human epidermal growth factor

receptor. (Iflvﬂérrésﬂx‘}‘ts ofla nuﬁbeﬁbf stu&fe§ Bug@'s%ﬁ@m-ré%hﬁ’tﬁhﬁépenaé%(rgécl{aﬁgﬁlg)
549-560. A i @ 51 V¥Il ?]tgseo rmrlnﬁ anti podies in

t her apeut i (‘3 n%‘h?ts nially it en?n‘ﬁ“ﬂ‘?u By IS PYthedies AgR st fweors Adpe
recogni zed uhyczttélehzhummphﬁﬁl ansibady Zgalhar finfdis pradlei lfind td’tefeﬁr@fraﬂy toepeat ed

i njections _of s ti bodi tot i of i nmune
responses thé‘@?l% ch & %ﬁtﬁﬁfsuq%ﬁ mmérrnsl e’ﬁs? llnﬁflpdtf) IéyaB?’ ﬁyg@b ﬁﬁ ynﬁ% based
nmono&} onal RaAt,leb@HJ blgtum Mfsiurlee 6{4&)d|309@)f @4&@&6 tKalergisa AvhpandARavetdpuse
pntibody T GaPONSEp. Med AN ) (EGPYN1SS). 1850 A S UBMAAN he RRL1OBE hORGY, Of

" HARA" response d| tionally Orell%a I es can e at tacked
by 30 theORfntiy suggestihaf e M@Oﬁd@%mslucqhet RHtlahé‘;ﬁeawé i pamsicplapt is

neut r ?I i Zlthr E@ ssotiaey wignhe dfﬂ@cl’y otfaﬁg&idy&hlé@py E@Ehf(}ﬂlr Pr & al. nsmmltiu mlan ’
monocl ona e ona i bodi es ac
human ef f e(?(?l g ﬂ%)[ ?%{Zﬁ%t ?Paﬁ S.t o4 S}‘[OH"@at ?té)aﬂﬁ%fﬁ amogyeq tfeﬁ%m(iﬁh yrredl ate
conpdenent haepanbetdr deyminse ao R;tann’mbnﬁmntla&tgekygwls | matiehtso (e authotsody
eppendent Sonqudr thOE binert Ehohee Ak fucTRIbaIE D SPDAARENE O e o

Chineric an S CO Ions O I es

di fferent 8pighadysto(fcyRllla myhls:g raﬁdtelﬁlumﬁehM(@@ewl@eagmoﬁddnmbom

alternati veeﬂg)((;agp(m anét%ﬁ Bﬁ;@,ﬁl@@gl(gggz ey ssampl e, US 5,891,996 (Mateo de
Acosta del R o, C di scusses "a nouse/ human Chl nerl c anti body,

g i D A B S A i R4 ©

| MC-3225 ( EgportedixSmallmibleady tysmeckinaser nmlbmr:ssﬁkhtg@ﬁnnﬁ;l;ltdr}oEaBR amgnocl onal
anti body (based on nouse M225 nonocl onal antibody, which resulted in HAVA
responses in human clinical trials) that has been reported to denonstrate
antitunor efficacy in various human 10 xenograft nodels. (Herbst, R S.,
and Shin, D.M, Cancer 94 (2002) 1593-1611). The efficacy of |MC C225 has
been attributed to several mechanisns, including inhibition of cell events
regul ated by EGFR signaling pat hways and p055| bI y by | ncr eased

A TN 7NN\ o~ N 1



20WD 2006/ 082515 refers to humani zed anti - EGFR nonocl onal anti bodi es
derived fromthe rat nonocl onal antibody ICR62 and to their glycoengi neered
forms forwoanwas4tsmer apy. | GF- 1R and Anti-1 G- 1R Anti bo@Ce&EPRemwwbd7az | i ke
grow h factor | receptor (I1G-1R, IG~-1R CD 221 antigen) belongs to 25
the fam |y of transnmenbrane protein tynosine kinases (LeRoith, D., et al.,
Endocrin. Rev. 16 (1995) 143-163; and Adans, T.E., et al., Cell. MI. Life
Sci. 57 (2000) 1050-1093). IG-IR binds IGF-1 with high affinity and
initiates tGlel(38yslpck agmphéspheﬁymatmeoﬁ BGFRi @ thegiatrdcdllulari tyrosineGinagfe al so

binds to I G ibth, th@l%\g? %bmr{é; %nlnym Mfﬁ AN "ItSXO 4"%: B‘Eﬁ Hertang

over eXpression prono OI’ I'TB.t

t here existRSe ﬂéﬂlé‘e(zt()ﬁé) 4+9C)EF qnopbnalnmﬁ1b@ét¢s,| on Iﬁhﬁ D@n'ahtmct, rtangsf temat i on

of cells a%ﬂtrh&llhth?rﬁ(fr%ﬁ & E@@ﬁ{u'whﬁﬁ%kulfso'in tﬂ&kﬁ’rﬁ‘é’@ﬂ ﬁdlﬁé and
t herapeutic. agents for the treatnent of al Cel |.

an
Mol . Yife dpgrebysmhibighdpwagiegsny yents sucls as cﬁ(ﬁt P‘I?!)‘é‘?ré'éona@?aﬁst"‘ ﬁede are
wel | - known Hetbdthe. SstSifneal af(2008) 429), and | nvestigated for their antitunor
effects in vitro and in vivo (Benini, S., et al., din. Cancer Res. 7
(2001) 179 7 tl and et,. al ncer 2002)
296- 307; S(%St (o H‘“""% monocé’l“af(a'?thof“esJ“av?:ga%’égerh?&e‘févgb‘% “ﬂ":v%as;“c Punetti,
A, et al | bICBikouhemo aigd Bihoghhigve Reen eGdnated.fod @iy 2089 t@ Bffegt] Bimder i gent
S.A, et al 7 9 IR ecS Cancer
r%m E’h&lse xg? %%ﬁgie?)l@?z@.u 9-9 & a? b?mcér Res 4(?(}98%;) 5592-

Pessi nd em

Bi ophys. R (Mﬁsr\!in ,1@231( 1@8@5” Roggtd) p1084) 4003 ﬁ9@7 (ROIHSte"th Pt al,j. Biol.

Chem 277 (@902¢aﬂ&?h8es16172(599§)0q311%m) pér akamph; @vmi 5561)@%31\2@7 (1992)
12955- 1296 So0s

10, Acad. . Sci . USA 86 (1989)
5517 5201 TERaRsEicAds, € apitie ahebeR ThesiackBgl Ay JBL VAR, R
et al., Bi agheash humar?4gidedB&id) caiélﬁetﬁﬁ&;ell&ims AdM fand whs adsted B olmlneafh J. 235

1986) 199- 6 (1993
02-95 Dol Sangarhgaitghs wfth ancek QRS 1eAPRASimoRR o SR T3 H5:67)
167315 Kul | hypombarynn (BietH.akt a3 Ewi éirch.(ehinoksngol o8s) (1996148585 Invbr gan,
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J.R, et al .. .Schaefer,
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EM, et awﬂrd‘awusv gomagi, g uzé% l(«iig@sf i@fm ‘qgﬁ ‘W'GJS?‘a‘F‘*s&‘\t‘“gl'* . and
Rutter, W bindidg oBEGIF. arlGTEOF-o2 B {et§R0). (MERfahei$ 08 ( ,et lﬁoyme J. Bafcer 7(5t al .,

oL (AR SRl gt S A hio MEL iy 125

(198720 276+284d agmust Khé diviman A431 esrcaloma @dhtise aRédsvasShund 304)ind 58 B- 5534;

feeme T polkptde ?P‘ %fagﬁf?'eét?‘f* 24 Ygridlor ofthe Walidlephdenflarl fody Ridait A -
Mel anona Ré%cept?r( dd9etaly,; Argh. B@q_em &iopfiys. 2i2ziﬁbé1r98l7hﬁﬁ?ré§0 A

| munot her _pofb%ﬂﬁl%ﬂ‘@@l)snﬁ\ﬁﬁh aﬁﬁ)se %Md&ﬁ@hﬁﬁo&&alhﬂﬁéraﬂ)éat_‘rc|t*%aﬁﬁ@ht§i sstHat
descri bed in | ot of

f ubl icati ons, t ea
o b easmoedmagn Ronoclnal AnibRticD 3on 160 siedgaied 08 the hma Pegt a5 o
al ., 23l . Cametgarprotedr, therefp2d) 0)eatcd4fjedBES. oflsnc}pﬁfrﬁgﬁlahﬂlbodléslmmlﬁdml onal

bod ; A ;
ooy 298 DRbch(Tal Byl SpBAE L EP i B QSRR 0" ©
cancer. Al pleamurng-based mes@dormédnb@odm this 8.aften rgferrgil ¢ as Thiwman ABwi- 258

(1983) 6561\4&%%%(1% b&ﬁeﬁ@%f TRAMARO WS an%uelda fRnRHPAhG Ak A glglbhé%g been

published dealin e |nvest|gat|on and’ t her apeutic use
regard to iof sHARAT tspenser Additionally fResgndoneiggeartibodips parcle adacker (E’Yagent s

such3@s doxky whGhdsy3ftth Uf fhférHOStt s thzﬁ'tﬁ@y ar8, id oFRECt, MeutiEINRE |b@ﬂﬂé t}gt I body

whi ch is kno 0. i nhi i ndi n | GF recept

b1 no-t o G- 1Nir Bitee) . hptheBtoofk Hhr Rt anERRaal  eoR B doel |

prol i f er at murirenchohGtendR gitibelkes)r tyipatailg la¢iBaugianeffectdr, fuattialality, (i&ncer Res.
55 (1995) Kgt

2655- 2661) %Q%haefrgg‘j“é%es H‘t?eli}‘aaﬁied% "’d?"eﬁlplfﬁle8 dep%E@éHt 155%%; %%g%)“ma{’

Cancer | mmigrest, callsrihrayeh antibady @m@yntmumzymm ©h Ferrepanter megtiated b| ndi ng
to I8 1R mRsg@RRIsBNt 1y than I G--1 binding. A summary of the state of the
art of antibodies and their properties and characteristics is described by

Adans, T.E., et al., Cell.



5Mol . Life Sci. 57 (2000) 1050-1093. Most of the antibodies described in
the state of the art are of nopuse origin. Such antibodies are, as is well
known i n wbeoskmsta1of the art, not useful for the therapgTaP2ivanedispati ents
wi thout further alterations |like chimerization or humani zati on. Based on

t hese drawbacks, human anti bodies are -ddearly preferred as therapeutic 10
agents in the treatnment of human patients. Human anti bodi es are wel |l -known
in the state of the art (van Dijk, MA., and van de Wnkel, J.G, Cun-.

Qpi n. Phar rdgwieric an(ib@tids) ccsﬁlai&‘iﬂgﬂfportiBas eflawtibodies Hrdre cWwn air oyre different

anti bodi es a r )0 h r anpl es of
hunan ant i bgﬂf‘%ﬂ?%aaa. 0B A8 hfthiny®hat A HOEH SeCBORRP B B U ETapk P

2005/ 005635 CPRIBgRt entthﬁ)élqﬁuﬁﬁh eé@ﬁlp le) GS.5.8912996 pateesdec Acpsta Rl RiVAB Cl one
18 (DSM ACC .RE8é) any dﬁb@ieél@mblb%rﬁrpeﬁin?e%c(m’%mgSgﬂ‘Ect@@% Lipgd r use

in capcer t p c anti bodies A w de. variet reco I nant
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anti body cepg fis %@E&'rr@?éﬁ&iAto l&%odsgge ar%ﬁullngxc’é? cdd%'vﬁn s !

retai ned such as_dia- ria- or di es severa |ngle

chai O f or me€Rograf pyodety. (Heghst) R SyhgnghS ]alfleDcha(B*lﬂ@eb%tﬁZQ%)an%mkﬁ]db nor e
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(2005) 112 F scher Pat hobi ol .o 2007)

Shen, J., é:% hojjocﬁ n?i’leh'ﬁfregwm? oﬁggg‘l Signaling pat Igg%'s(g ?5’556‘?53’ 4’; V\ﬂ
C., et al. lndrleasud anﬁl&Bindl@ehderﬁ5el(hﬂ@10tb)>uc1t3/£(@:ﬂ(2(97)ctm@dy| (Heeudlsdn, R &, rmids use
| i nkers eit f to a
further bi ngﬁ%gﬁgﬁbiﬁglﬁﬁér@f 8150222(3?3 584 f‘)o(IPgQCZngVaS ﬂso f_.ls%ﬁn gd s or
scFv¥ (Fi sémdp, mﬂudlngeg@ombmatlomartlﬁbt@dmﬂmggpymd(cz@mb)h@apyMerbst R&s, to be
kept in - GndiShch, V8L, ORGcHBY (Q@(m) 1t5@3r1%té[}cﬁ{e%éﬁtgﬁt&6bgehf&”gﬁ ?P% onfch as

or danti endent

conpl OXI city ( cel | ul ar
cyt ot oxi Ci ?-\[/T“E)( &U@%Pegm%rﬁé F domsancst dheramyr O%%X REGE i@ Q’éﬁ{n@ﬁ’n pithdi ng, by
mai nt ai ni n@@mmgdnodmmeemafoagn Yy, iXD.! & flatonalRev. @ifdl Hehtaintsigbodi es.
5In WO 200( &ﬁ? '.-'213zre reported dual variabl e domain i munogl obul i ns as
engi neer ed fvarent and nultispecific binding proteins. A process for
the preparation of biologically active antibody diners is reported in US
6, 8950 044. WRI2000482htS FaferaripithomnizedrestirBGFB handdlonahtntibaties derivedvari abl e
domai ns wh IR oYy [ orted in
uS 7, 129, 3|?€18)Ifh %{eﬁglrtl C gg)wgfngm%g i mer |2céﬂg?1ttor)ﬂg%gitrﬁ %f(:dgh%égés%rl ﬁéﬁﬁ g&;} are
reported i aN9sT S§HPY0079170. Tri- or tetra-val ent nonospecific
antigen-binding protein conprising three or four Fab fragnents bound to
each ot her IGBUR &t AptilgFa R AntiBedieng structure, which protein is not a
nat ural i nmunogl obulin are reported in US 6,511,663. In WO 2006/ 020258
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pol ypepti dﬁesgomrts this ligefdir ol IGIUR 200HiMdk63 18%-11Bhepaet With diphfigval ent

20 receptors arﬁ [ep Oﬁfeg{ﬁl n US 5, 959, 083. En i neered, anti hodies with three
or nore fufi¥s GHEMD, W EHEPIFSSISR tpé%mgltre%t % BEoRIRdC tra W?Y‘G’f7342
Mul t3Gspeci £élts mddhcmldxlsvsad:\ednncamlnatgéﬁ IR is dnvadvqubinytpaipgnadesamf@niatipar t ed i n

of cells and is therefore a useful target for the development of therapeutic agents
for the treatment of cancer (Adams, T.E., et al., Cell. Mol. Life Sci. 57 (2000)
1050-1093).



WO 1997/ 001580. WD 1992/ 004053 reports honoconjugates, typically prepared
from nonocl onal anti bodies of the 1gG class which bind to the sane

ant i geni cwo2biodstaanm nant are coval ently |inked by synt RETIEP2em008682 | nki ng.
A i goneric nonocl onal antibodies with high avidity for antigen are reported
in WD 1991/ 06305 whereby the oligonerss-typically of the 1gG class, are
secreted having two or nore inmunogl obulin nononers associ ated together to
formtetraval ent or hexaval ent 1gG nol ecul es. Sheep-derived anti bodi es and
engi neer ed Ardibodies iapaidyt KR ram:tzvslldmewmeipdhe sdtd of HE a6t dDing6igatddch can

be-used L0 i BBk pHARRYSECUDSL oD ALRLLA BRABRIRAR! L Sy REL BOTST

In US 2005/ repor ed targe |'e" construct t'i val ent
carriers of2¥01)sk®6:79¢; §n@1’|12tm‘dl Ks, etl alg, Cansge |Gone | Benl 8 @002 2%0-6T;abl e

construct eRBuskAVE, %{Sala 1RE1" C§ﬁce9f10‘i \0@002') 1'1f01f6e B%ne'iﬂ?e&' bt 4. %Bb}'?é?ﬁ' es.
Geneti cal | )h]en gl neefed bi speci f bodi e$ aré - reported
/

in WO 1995/B00ftys7Res. rpmmngeowwé’ﬁ@h%% %&l E’Q&f&t rﬁ ﬁmeﬁ@l bl %l@h%lzen@ hat
consi st of 265 (¢99M)r9%7e- 9397st apig.Lzad a$9E>anedrrelnﬁﬂmﬂtBﬂnuﬁ;tﬁaeapf(aoom

ti bodi t, EGFR Kk f
B ochom sa PR ERTSG: r <habe JcAhERr oS Rohs Conphimobd] @889510, o
5 Biol. Chd2d6-123%3; $lﬂﬁﬁé) K2H5Eiet 2865, BexhdCHem B2 61 (Zﬂ@@)nl62m)16m03)ooi,9665 72.
Ho th bj |
Feduced ¢ ndioraher Bibh Rtk 26FF 1803 12035 ack, SHOL R 1t o P TNERY ¥
par et rmnd*sﬂ@écﬁﬁlr éjseﬁ\tsﬁt(é%@sﬁ(l&si?e?db QHB?CW,rRMmﬁt alc,eEM@Q\th A @888 (hi gh)
expr essi on 408Yal0%0:0fayagH R., FERBAMICE. 143 (18 PSUIMBIY Qs ea Byent i on

have now surprl si ng I specific antl -EGFR/ anti -1 G=-1
o boar s Hibicen 1435, 986, SRS o Shvlogiametioni Bey CoMeBpar od
with the cqybl(ma@a)cmz of; IDélefopeind)P. narmspeMdllcelar(carbmllm(l(%a) ngsenly a

d d f f | h
caual (i ol TeRpo kbR st By 3 il Chbm SRR hrer i rBlorg Ol o pect
of the cur redtRathviRat.j Brochemastdyi 2p€I8p) d3@4}tlebdipr$nyndl, ddR.t et @GHRoand
| G=- 1R COMp4Si 'EQdZS&' U§P\ @@g PBQAS‘@H‘E S%%gt?filt '??Mhbét’&@'SJt}QloE%n"i‘”d a

second anti acterized 1 n that

i) said ant 21%66(&9%(%’:132%@ 1§|2§%>SG8$téfS@&,cF A, ped Ruier, N Jark iBisk\Chean\B65chai n
20vari abl e ﬂ@murssemge@v 6Hk§}h1'é°9)A' eOht, KPRS NewatbR P20y 3Med07 Tulloth,sai d

DR T ogi Lﬂ’e&b' 010 St B g Tobd) 150 S Bk 1. Fhioney”
regi o of HaapHyS. RiE3. Eorﬁndlnim(lt%é) R7@a81 i Kalebic) "ﬁbleEaldCEﬂichr Re{C3R3 regi on

of SEQ I D g@g&g f i of SEQ
| D NO 6; a@gd 5)5§ s’é@%{ﬁédmraﬁt’leggﬁlzgeﬁ ﬁngpLs}fet% co Tl silb%jlﬁﬁe’ heavy
chai n vari dbia, donal al..aGloPRBIokagyi Di1919) SHQ-I79; Manterdevwengiie Ir.egl 8l of SEQ

ID NG 12, \ModndndRRL § ?9)9‘85' 39@ 3§EQLi @ B‘OeELél éé}iief InfidGol. TunbliRl N
vari abl e dorra a CDR3 SEQ’I region of 30SEQ ID

NO 15, and 44 (%QSFQD Zf*ég%Sah Adftlbsétss Pgﬁlmlﬁé—m @re@lwsdﬁwbg?éd% Adotaftihglet- bi ndi ng
SNIOt ezlgormr ipaBBcdtions, eg.heaieig a:lr%lm atad]], dresst ATHMBEMNR Bs. mnfeﬂ]gaggé 9?2)858 Ilg
re 0
and in theqpﬁlqp %‘H%q?f?%?r Sqoﬁl ‘\ngog)ngi"?f a%é(ﬁ@}dﬁf@#?%tq ID NO 20, a
CDR2 regi on of
J In particular, the monoclonal antibody against IGF-IR called aIR3 is widely used

in the investigation of studying IGF-IR mediated processes and IGF-I mediated
diseases such as cancer. Alpha-IR-3 was described by Kull, F.C., J. Biol. Chem.
30 258 (1983) 6561-6566. In the meantime, about a hundred publications have been
published dealing with the investigation and therapeutic use of aIR3 in regard to its
antitumor effect, alone and together with cytostatic agents such as doxorubicin and
vincristine. alR3 is a murine monoclonal antibody which is known to inhibit IGF-I
binding to IGF receptor but not IGF-II binding to IGF-IR. alR3 stimulates at high
35 concentrations tumor cell proliferation and IGF-IR phosphorylation (Bergmann, U.,
et al., Cancer Res. 55 (1995) 2007-2011; Kato, H., et al., J. Biol. Chem. 268 (1993)



5SEQ ID NO 21, and a CDR1 region of SEQ ID NO 22. In one enbodi nent of the
i nvention the bispecific antibody is, characterized in that i) said first
ant i gen- bwoadprog3gi4ie conpri ses as heavy chain vari abl e #omapPR00SBQ@7BD NO. 7
or SEQID NO 8, and as light chain variable domain SEQID NO 9 or SEQID
NO 10 10ii) said second antigen-bindidg- site conpri ses as heavy chain
variable domain SEQ ID NO 23 or SEQID NO 24, and as light chain variable
domain a SEQID NO 25 or SEQID NO 26. In one enbodi mrent of the invention
t he bi speci3656-2661). bblakre i exjst cdtheraantéhodmsd(eigs, 4HAL Li, S., L., et al.,,iCarsei d fir st
anti gen- bi Nehinighot! IfinGRITRL 2€E2709) benyyy) C\bﬁ'cnlm&w@#qzﬁﬁaﬁf&f}o%éﬁﬁﬁ I'D No

8, and as |1 ght chaln varl sal @ second

ant i gen- bi faPIsPassntly hamipFddundige. hféawymzﬂﬁapﬁ theastatginfahe) artwif antbuedieD NO
23t gng as dnidohtir G @;bdﬂtléﬁaiddaaidiatld&iﬁgﬂcﬁ 1@de396£?toé@b®!9dat215s . TE, e&&ll dc?llspem fic
anti i es may be trival en etraval ent or
20rm| i val elﬁf’F %&é%ﬁﬂ?@béﬁggﬁ 19§3m fic anti body according to the
invention is bivalent, trivalent or tetravalent. A further aspect of the

i nventi on iMost ofube ahtibcaﬁd:sddemﬂimijinethermmdbﬁgmarc hed of mbusaoigihi Spedci fic
ant i body. an'tlu)dlgyﬁr.tehgsr gg%ﬁaﬁﬁozvrg &Q%ta%t@gfatﬂte laft (gtr 1%eﬁll 9{)}%’1%&%& §f |

conposition conpris Ispecitic anti bo conposi‘tion for
t he treat mgnmagf p@m@e withoHe f@rsl@roer‘ltes@noas Hil@péhlinfqn@am |0bddxynafrmzatlphe

manuf act ur egRkd %nrfﬁgdeccﬁﬁﬁfﬂﬁclésohuhgﬁ ahfiSHidRRe @arGANC R redasRER! g
treatgent of atl nt sufferi n from.cancer by adm nisteri n sal bi specific
d

ant i b8dy tc?gﬁ eafrpentipf h HE’@H patients, dfpmarbaitihodics are wel: OWH\}’éHﬁ on have
new and i neené bmemm@eﬁtnlﬁks mau,sanag/aa doSlel, J{®[ Carppirehamiichers ng from

such a dis uffer ncer i ption of
the | nvent ﬁgélﬁ) ?(ﬁ??AQnéﬁge mefts 8 ? 88'5’?53;%815 gl%?lttl body
bi ndi ng t 0 VEGRR eifitdrg8tsGranliR prodpedds Engmalefs |0|f btlmantangbmﬂlm aghiineg IGFEIR t hat
binds to EGE Bd@s@ﬂbﬂdﬁe@/@“@/é Jogen-binding site that binds to I G- 1R
characterized I n that sald antigen-binding sites are each a pair of an
ant i body h chain variable domain and an anti body | |aht chain variabl e
domailh; i) g%l@%ﬁ Q05625 x6fets de shphyaamentis 16l 1R#nubpdies <SIGFt1Re” HEA4Bchai n

vari abl e 1T lof®MRI(DSM @mszss@)l SI<ITF- PR HOMKB Glon@2£10BBM @\91@!2591 SEQ ID
NO 2, and a ID NG 3, and in the |ight chalnvarlable

domain a Cﬁﬂg%rg'i’sgdg&n%ﬁ eﬁ? NO 4, a CDR2 region of SEQID NO5, and a
CDR1 region of SEQID NO 6; and ii |) sai d second antigen-binding site
conpri ses iBispeifichatibgdiehai n vari abl e

A wide variety of recombinant antibody formats have been developed in the recent

20 past, e.g. tetravalent bispecific antibodies by fusion of, e.g., an IgG antibody format
and single chain domains (see e.g. Coloma, M.J., et al., Nature Biotech 15 (1997)
159-163; WO 2001/077342; and Morrison, S.L., Nature Biotech 25 (2007)
1233-1234).

Also several other new formats wherein the antibody core structure (IgA, IgD, IgE,
25 IgG or IgM) is no longer retained such as dia-, tria- or tetrabodies, minibodies,

several single chain formats (scFv, Bis-scFv), which are capable of binding two or

more antigens, have been developed (Holliger, P., et al, Nature Biotech 23 (2005)

1126-1136; Fischer, N., Léger, O., Pathobiology 74 (2007) 3-14; Shen, J., et al.,

Journal of Immunological Methods 318 (2007) 65-74; Wu, C., et al., Nature
30 Biotech. 25 (2007) 1290-1297).

All such formats use linkers either to fuse the antibody core (IgA, IgD, IgE, IgG or
IgM) to a further binding protein (e.g. scFv) or to fuse e.g. two Fab fragments or
scFvs (Fischer, N., Léger, O., Pathobiology 74 (2007) 3-14). It has to be kept in



15 domain a CDR3 region of SEQID NO 11, a CDR2 region of SEQID NO 12,
and a CDR1 region of SEQID NGO 13, and in the light chain variable domain a
CDR3 regivwn20f0/BEQ1I D NO 14, a CDR2 region of SEQ | D NeCTEP2@@80&8DR1
regi on of SEQ I D NG 16. Anot her enbodi nent of the invention is a

bi specific antibody binding to EGFR and7 201 GF- 1R conprising a first
antigen-binding site that binds to EGFR and a second antigen-binding site
that binds to G- 1R, characterized in that i) said antigen-binding sites
are each a mpadrthef one meayt Wantio netamyefdvtirnfunationsbisechdesreign cangplamerant i body

l'i ght chai ' rrprl ses
i the heJ‘f@ﬁ%@ﬁkﬁa@?“ﬁﬁy@@f’ﬁmﬂw Ipdih LR IR T ARG

CDR2 r egi onWhirh spagnediated through dke Be corntor bigideng. by neemaimingudhaeh degieq n t he
|i ght chai nofsahilatty@o BN RctARg dnBBbAes.of SEQ ID NO 4, a CDR2 region of
SEQ ID NO'5, and a CDR1 region of SEQ ID NO 6; and iii)said second

antlgnbl |seS|nth eav hai n vari abl e domai n a CDR3
regio g%QW%%ﬂéf/ 02% 2 DRSPS §Ha of aé‘é&f ‘B”W ‘I@“u‘é?ﬁ:i&ﬁﬂms regi on
of SEQ I D I\d@gﬂr@prednmuiltwaﬂdm dridg nfulspecific biadingb peotelosraiAn peodei3R3or elgs on of

SEQ 1 D NG Aﬁ’g;%aﬁftloquﬁ bg(ﬁg%i&pl)p%ct' QaﬁtBo (ﬁl]rfersaﬁdr %Jin rl$| 2 aan44SEQ D

NG 22. e I nvention 1S |s eci t'i bod
bi ndi ng t o MoitRalentiFy ertibody conpructy maying #tjleast f@m\dagebiebiionmrrsgwlsuch @re hat

bi nds to EGhfReansitip e8@CONS ﬁ@%bﬁ@é‘hﬁké?@af@re%bﬁ@d ITAELS 47"1.'29'33@ ODlrﬁ;rlclR

characterize that i) said antigen-binding tes are alr of an
ant i BBdy heaalayngﬁg}eﬁcx?a igeppind ws&gpﬁugﬁ%&r%wp%%q BddSy 2998997%1H9. Ny@y i abl e
donai n; tetra-nvmeﬁtandmbs;festﬁoaaﬁﬁ@artnmlﬁgIp%gtem b&n@ﬂﬁiﬂ?ltﬁﬁs‘é &s fhigarb chain

ble d and in variable
o T0SERATTREPo 4P ol Reyaiengoits 3 CnBhing Smichthr e sl it no
si t e conpr iisest @asathmauymoheglobular araléeridd nmiUs GEQ,663. NKOWQ2006/03¢238 D NO

24, and as tlefrmien?rﬂ)% ci¥RI dndBb&ied PR tpofte El%tlégn i1 QésP
APl fepoi Py PR

Anot her enbod] nment e 1 nvention ;£ cific ant ndi ng to
EGFRland 151@@1%%@{1%%%@“9 qells.s andy g e blllhdh?fQP@ltheam sliaghosles t o

EGFR and a fiesedd A2 ietigrinobidpaiatia g Or tptefehtatially aﬁﬁhés@zlhgﬁnﬁ&s wikigh agd eri zed
in that i) .said antigen-bi ndl‘a(%fs%jtaeg.dare each pai r qgf an antibody heavy

chai n vari dBI69 JBALIHSLARE fer F.H&hfzéeclh\gphurpgl,a,vg ifthargaioh fipked
ii) said fivistat deust g&el-nhemﬂamgdlsmlﬁde dinkpge Sem asnixede ycodiprisingy thici k) e

domai n Zosﬁ%és%flgglyp%pti@@gin%% lsi x%l%rted 1nII9S 58(55/8 Pé3e7 SQ%pem 1C %travaqu 10,
20 receptors are reported in US 5,959,083. Engineered antibodies with three or more
functional antigen binding sites are reported in WO 2001/077342.

Multispecific and multivalent antigen-binding polypeptides are reported in
WO 1997/001580. WO 1992/004053 reports homoconjugates, typically prepared
from monoclonal antibodies of the IgG class which bind to the same antigenic
25 determinant are covalently linked by synthetic cross-linking. Oligomeric
monoclonal antibodies with high avidity for antigen are reported in
WO 1991/06305 whereby the oligomers, typically of the IgG class, are secreted
having two or more immunoglobulin monomers associated together to form
tetravalent or hexavalent IgG molecules. Sheep-derived antibodies and engineered
30 antibody constructs are reported in US 6,350,860 which can be used to treat
diseases wherein interferon gamma activity is pathogenic. In US 2005/0100543 are
reported targetable constructs that are multivalent carriers of bi-specific antibodies,
1.e., each molecule of a targetable construct can serve as a carrier of two or more

bi-specific antibodies. Genetically engineered bispecific tetravalent antibodies are



iii1) said second antigen-binding site conprises as heavy chain variabl e
domain SEQ ID NO 23, and as light chain variable domain a SEQ I D NO 25.
Anot her ewbadiwvmsm41of the invention is a bispecific antiPOOMP29/006782) t O
EGFR and 251 G-- 1R conprising a first antigen-binding site that binds to
EGFR and a second antigen-binding siteghat binds to | G--1R, characterized
inthat - 12 - ii) said first antigen-binding site conprises as heavy
chain variable domain SEQ ID NGO 8, and as |ight chain variable domain SEQ
| D NO 10, reported in WQdDHS5/662vd 1ariViOg20071i 0985 gtabilized domgbing sesleadeheavy

chain vari Tapzll . ' chain variable domain a
SEQ I D SW%éﬁéoq%%%ér%@ﬁbgﬁy%ﬁﬁég? g{lﬁeﬁ?ﬁ\#gg{é |h'on is a bispecific
anti body binding to EGFR and | G=-1R conprising a first_antigen-binding site
that binds Bispegrrantilpdiesseraintt BORR gad-I6MR mge dnewntirem Ioh.nds ot 614 G- 1R,
char aC]E eri ZBi@cl_lé?mg:Bla&nd Biophysical Rese'al)qhs(gbﬂnﬁlmda_GGﬁk B D gr o) S’3_0'37‘3§13§1|r.1:e ﬁ?Ch a
pair of an anti Y a ia 0 n and a i -ho ig
chai n°vari algiloi: gg‘ﬁé &%gl @8 a\lzgsél‘%gg’ %ﬂf{ ?ggwm?ﬁ?ngs%g%(@%é&%ﬂggg@s as
heavy chai Hyweverhese bispacific Int) EGFR@ntiIGFaRl aagbddighshoshdleirly pgduadd e
domain SEQID NO_1Q. . . . ..101i ai d second.anti gen-bj.ndi n ite conprises
as heavy chtélfnr?rv%'?fva I"éhl glr%tli h‘%gé(fqn@aﬁﬁéj VEHI aaﬁgmglsna 1?Iglght(gfc &i Rar\?‘gﬁ)abl e
domai n a SHEHK®PEENO anfBodigs Gespesiakyio dimencelds witheequal, €lmighb axpression
bi speci fic @i ngdihbﬁﬁﬁkr&ﬂdtIgFEl R and I GF-1R conprising a first

' "t hat '

antigen-binding site t binds to EGFR and a second antigen-binding site
that binds to | G- 1R, characterized in that i) said

antid@n-bi € a pair of an antibody heavy chain 20vari abl e
dormai n and an antibody |ight chain variable domain; ii) said first

ant i gen- bi nWienchaset @owo nquiprisiisgl s finarlv ynedhabidpstific abhte- BGRRIAMI-BER 1IRD NO. 8,
and as |ight . chain variabl e ey N .SEQID N 10, ..... 1il) sal econd
Anti gon- by ARRARED AL AP LR SpliacinRriitn dlpibision s APl tRE o,

24, and as domfhnatwinadfrthe gaicabimendspesific antiBBdjes Dusiig\anly Z6redpeedusswuher ei n,
"antibody" grepiereifio aRtiBid}y! (BheRafl SNttt R RIth S&RaP i kEP Bx Reld9
sites. The terln‘% : b?r?d%lnﬂdg)zi(t%' 3r S’ ant | gen9 b]?ndl{tn;&lzllat Qﬂlggggﬁ@g%%ﬂ;rei n
denotlés t hdeydsPbbth) EGFR21/d 36Fi 80y nol ecul e to which a ligand actual ly

bi nds. The binding sites in an antibody according to the invention may be

each f or meda Hirstaaspétpat thefurrenoinveritionbik @ bikpevifiosintibod biadingne BGFR ¥ndhai n
variable dolr(‘ﬁi'-PRacrc])(rjnp%g%gl a girr]stt antigen-binding site that binds to EGFR and a second

antigen-binding site that binds to IGF-1R, characterized in that

1) said antigen-binding sites are each a pair of an antibody heavy chain

20 variable domain and an antibody light chain variable domain;

i1) said first antigen-binding site comprises in the heavy chain variable
domain a CDR3 region of SEQ ID NO: 1, a CDR2 region of SEQ ID
NO: 2, and a CDRI1 region of SEQ ID NO:3, and in the light chain
variable domain a CDR3 region of SEQ ID NO: 4, a CDR2 region of
25 SEQ ID NO:5, and a CDR1 region of SEQ ID NO:6; and

ii1) said second antigen-binding site comprises in the heavy chain variable
domain a CDR3 region of SEQ ID NO: 11, a CDR2 region of SEQ ID
NO: 12, and a CDRI1 region of SEQ ID NO:13, and in the light chain
variable domain a CDR3 region of SEQ ID NO: 14, a CDR2 region of
30 SEQ ID NO:15, and a CDR1 region of SEQ ID NO:16;



- 13 - chain variable domain. The mninmal binding site determ nant in an
anti body is the heavy chain CDR3 region. In one enbodi nent of the current

i nvent i orweaet/@i4tthe bi ndi ng sites conprises an anti bod¢ThPany/0edTar n

vari abl e domain (VH) and/or an antibody |ight chain variable domain (VL),
and preferably is forned by a pair 5 copnsisting of an anti body |ight chain
vari abl e domain (VL) and an anti body heavy chain variable domain (VH).

Anti body specificity refers to selective recognition of the antibody for a
particul ar epit opercaidaecant angigan-biaking site cmiprizeslirethe heavy ehaampargblar e
nmonospecific. "Bi I i L es' nghng t ' |

anti bodi es whi ch E@\?‘g‘ﬁ% \%Cﬁ%% rgéig# Z)?esr]%?fggtbi%égz’b?g I'n fe?pl)ogg{)# ?lg?ta]{ij;s.
Where an anti body W@s 18mans 2 KR biegiep o€ iSEQ P WOt aﬁ%é@)@hﬁ hight &piin opes

may be associ at ed ytihhle@ondh9CBRBI 800 OF SHG DO 20 A TTHE r&hd:d 9EN-
Ant i bodi es of thgﬁ&resent inventign are specific for two different
antigens, i.e. E %@NQ@%s%%éQﬁddﬁﬁop SEQ IRANG:tbnd anti gen.

The term "nonospecific" anti body as used herein denotes an anti body that
has one 1S5nanerabedimendiofithesint@rioaakdbispecific adtiboidip ik, tharatrerisaina tkqii t ope of
the sanme antigen. The term"valent" as used within the current application
denotes the presge Gl:f A . indin i I ti body
nmol ecul e. As su@ht‘éﬁﬁhﬂ;&% gr}t?%égq%{ld\i}ggesﬁgwﬁbflg Sr%v%g{é%? hf‘hé’%éawﬁe‘@g’\?g?em "
denote the presendEQADtME: b eiPREQ HY INO: Botrd B3 Hehthehast vagable demaink

bi nding sites, reR§iHWRDYO of SEGNMDAD! PPdy nol ecule. The 20 bispecific
anti bodi es according to the invention are at |east "bivalent"” and may be
"trivalent” or "nultivalent” (e.q.( tetravalent"” or "hexavalent").

pr of dPabl'y the BDSBkL SRRl pTRUEBIAGEE GV RyPisents PAGSHERER &G al ent
trivalent or tetraoalatSEQ ID N@ ZnboSEQEM N€ni2d, bhd petipht chadmvariabdy i s

bi valent. In one ephaodi ,eh.Bics i1 i-body is trivalent. In one
enbodi ment said bi({sg:)r)neaclzrill gsgbaﬁ?#}g)ogé #?ﬁg{%ﬂ?gl ent Anti bodi es of the
present invention have two or nore binding sites and are bispecific. That
i s, the antlnsweiembodimensof Biesipeeritiondhebispedific aitbedy wheharaetaazad 1arthatnor e
than two binding sites (i.e. that the antibody is trivalent or

rm: E ! va: en:) . Bi)ls REF ﬁ#ssaﬁgg&mg@iﬁgggé cbx'iigrikééVaﬁg_rl{eiaW ciuﬁfi lvaglgble fd@magk anpl |ei
mul tival ent sing in anti bodi es, di apodj es.a i ghodj.es, as we
as arPi bodi es havﬁfﬁ?@m‘ﬁﬁgﬁfﬁ fn ariaples P@‘%ggm ﬁ?)egét h

anti bodies to which further antigen-binding sites (e.g., single chain Fv, a
VH domai n and/ orii)aaML selmndi mtigeathinding (ste@by@hpases 43 hkady chainomariamle nor e
pepti de-1linkers. T, i i c g t i ci es,
or be chinerized o@ﬁhaﬁrpngﬁi@g%mogﬂa%ﬁa%% ct)cf;?/lgl% ‘&r{aﬁ&%g&?ﬁgn%g ggsﬁf} 14 -
antigen bindi ng siN@s25.sone binding sites may be identical, so long as the
protein has binding sites for two different antigens. That is, whereas a
first bindiggd bidpeciic apRBEdikd trefdNeadt Bidhfdnt and /EQHE thivakhi) JetbdviaRnt 1
specific for #GF-lR. Li_ke 1nathur%ll anﬁl bodi es, an adgl ggen bi ndi ng si.tes of
an arfli body™BHivelfat | RiF&sablynthes bisppeitg | afibedn acearding, 1 o o ity

det er m ni ngbivggntptrivaldBbBs tetvdvialsht.cont ri bute in varying degrees to the
affinity of the binding site for antigen. There are three heavy chain

vari abl e dogsi ; HD . . i; '

vari abl e donal ﬁh%eétﬁ%,lnhllfﬂ lg%gnu%{%@ %ﬂ.ﬁlg&g)%fe gﬁ%dlgg a iJﬂaﬁtftl
framewor k rwifl BispeciiRantibiody.det er ni ned by conparison to a conpiled 10

dat abase of am no acid sequences in which those regi ons have been defined

accor di ng tyly AirtiRPlaspccls AMRB thvelfos e PRAfacltiRal Edifpdsitash Ydrhftiging he

scope_of the.jpventjon are functional.  ant n bi ndin ites ¢ ri sed of

f ewerSCDRs 14 BISPeqiHE Aaitbadyeisrig OPuRRHion; fo) Tt Fertenhp b eancRy ThhPEEOT f our or
five CDRs).sakbbispecfip betibddgsfer theamaaufaciore eff £ nedicanien6foCHiRS tra@tynene of
sufficient i,ndi C . 0, I 1: 1L
Sui 11 o ent ke g eda ol ST bileWol, Aot NP inistpRl
conpri se i nisichbigbesifit amibodyise apatiens i tiedneed obsushdreatmmang i munogl obul i n
cl asses. I mmunoglobulin classes include 1gG 1gM IgA 1gDb and IgE

i sotypes anphe bRpédific GAMDINs 4@6rdaiittd B8 intdiftioh shUW beRRhts fob patidieier r ed

enbodi nent, a ti 0 e 20 1 nvention S a .copstant donmain
strugpure o@eearpafPagé%t%%eniﬁéFb%wgﬁmg Wa&%&ﬁe &mlbfgcﬂﬁs BFRETIAG Qithes. This
is acconplished by Iinking two conplete antigen binding sites (e.g., a
single chain Fv) specifically binding to EGFR to either to Nor




C-term nus heavy or light chain of a full antibody specifically binding to
| G- 1R 25 The four antigen-binding sites preferably conprise two binding
sites forweactv/shsstwo different binding specificities. Poe/EPeON®ICTS2
"nmonocl onal anti body” or "nonocl onal antibody conposition” as used herein
refer to a preparation of antibody nol-qgul es of a single am no acid
conposition. 30The term "chinmeric antibody"” refers to an anti body
conprising a variable region, i.e., binding region, fromone source or
speci es andinaéntiodahaven nper tndninvéntvecproperdios daagihgra denefite dorf nopatéent
different s eci e i nant DNA

t echni ques. %g]e?iﬁg“ (I:I§§lnC cﬁ%calééueﬁééo‘{'alﬂfs%ﬁ%ﬁﬁg%ﬁ %agl%%;?l abl e regl on and a
human constant region are preferred. CIher preferred forms of "chineric -
15 - anti boBetailed deseniption: ofithe\Invention esent i nvention are those in which
the constant region has been nodified or changed fromthat of the original

anti body t 00f&REILBERNdNNDf RRE RfVehtiS® lsaswp@blm Mbbd{gebmal\/@gﬁtd gGFReameci al |y

ant | baai es. i) By Sgrirbing  daisvigen-oindity decthal,priohen ERTHH Bodscsecord 1

Chi meri ¢ andnitigealibagling sitetithat HindkodGFOfR echpraetesieed inthatnogl obul i n genes
conpri sing DNA segnents encodi ng i mmunogl obulin variable regions and DNA
segnents encodi g iy r nSe p ci ng
chimeric anti bodi eslg I nvﬁ%bg}?}géghg g?%%eg Crhe%g)nﬁ nan%hﬁﬁ&g' &&{Vg &%W
transfection techriagable damaimend arkansiedy Hehtrrhaur cariablgedomaigy, 10 Morri son,
S.L., et al., Proc. Natl. Acad. Sci. USA 81 (1984) 6851- 6855 US 5, 202, 238

\«'md Estﬁ 2?4 244 sIfaefmra{ﬁugehummtl £ &itdNdoniRRYs i ’hetal P oﬁainl Padimes in
I C e Tranewor or. enent ar rmnin 1 ONn ave
been 1fodi fied to COFER & &Sﬁ‘é ré@ﬁ“o‘?fj %%Qqﬁnﬁﬁ)ogll’ gpﬁg B8, ?é é?@n]td]

specificity as conyar edahd) at ﬁElRlofegtdmeof SBQPHY &NO: B,rrmﬂmgltltdohghmchahm a

preferred enbodi nent. rlne he f i on of
a human anti body t%‘“%?‘& ar & fe 3n1§§| Ze@gﬁ?,@%@é JFsaeEﬁﬂ@/\p‘gglOI{QI%gchmamn
L., et al., NaturéEISEM@ﬁS?ncB@QMQlﬁegmn@fN@@H?g@6Ml($ et al., Nature
314 (1985) 268-270. Particularly preferred CDRs correspond to those

representing SeHH%ﬁfae&cBE&‘aHﬁge’d E'iﬂdfnﬁesxér@dn%’rﬂés 'ﬁPTtl%dhé’alQ/?V&aTrp(/aﬁJHlém“ ¢
20 anti bodies. O'her forns_of "humani zed antibodi es’ encorrpasggggl;bt e

presdft invention domaiR H&QR?’ ﬁe%ﬁllé’rf SHQ IRNQt dhte FEGorFeidse
addi tional Iy nmodi fN@d12ratha BRI fregioh bif SE@IDINO: 101 iagd riﬂlthangmbamynto

generate the propert.i ccordl o the | |n regard to
G bE ndi ng- anaarase REEERAORE deb0R ARiRE 1380 APERA, fesich OF

anti body", as usedHIRINO:15sardw @BdkeldeglonmtﬁSEleé) N l(bodl es having

vari abl e and const ant regions derived fromhuman germ line i mmunogl obulin
sequences t f van
b n B &f déméhﬁﬁr tﬁé ﬁw\eﬁdlén igraoae@behmc Jﬁﬁbé&}aﬁlﬁdﬁlg tb fm?}{z %%(g )

368- :?«?4) " HéFaAR S0mmisinges ﬁé%tnanéllg%bwrr& &tfu Hbmw e and aqss

(e.g., 30 4iten-bidddig dfeth&ciady ©, IGFPIR, dhaFidterizéd inohat Of producing a ful I
repert0|re or a selection of hunan antibodies in the absence of endogenous

i mrunogl obul i n production r‘ﬁ{] er of th human errgrhﬂ”ﬁ,h 7 Iobulln
gene array in s ch? ?‘?ﬂ%ef‘rPé gINES A ‘T’Ipa}‘re% 1 APHPYRe fﬁ'é’d Ton of
human anti bodi es wpaabledompemanchal zhrmbgéy ligktecham, qriablealoobowsi t s, A, et al .,
Proc. Natl. Acad. Sci. USA 90 35(1993) 2551-2555; Jakobovits, A, et al.

Nat ure 362 (199% SARP fifst & nt HYYATRS IElte coniéﬂélses h th@theally 1cth?1a(/aljlamwn0| 7

(1993) 33-40) man anti bodi es can al so pr oduc i_n phage. di spl ay

|i br #Pi es (Hoogenl9HHIN A, @)R3afﬁ81°W9ﬁ%E°Q IB NO: Npa C@lR@I reg12’217°f( $5QoiD
381h388 Mar]IfsCOil ND; 2etan@la Cclj)Rl ¥yion BFQ‘JEQ 2D2NO1$ %nd ﬂﬁ%&ﬁg%tl cﬁﬁfﬁke ]
t echni ques o et al. an r,ner 0 abl.e for the
pr epar ation of %Hﬁl&lﬁ 21% ﬁﬁ a?‘?tgi%l %ﬁ @Q(@)&g % qﬁ@iﬂ ISR T 09
Monocl onal Anti bocﬂEQIIaMDﬁaamrha CDRAr mpion AISEQ B NO:65and1985) 77- 96 and
Boerner, P., et al., J. Immunol. 147 (1991) 86-95). As already rrenti oned

for chinmeric angl)m&l%céﬁ(ﬂer e%énbﬁflhﬁ& GeCRHr3es P tﬁehﬁedvgocgﬁd 9% term

"human anti body” "as use are

S0°-CO es_such anf |
nodi 0ed in the colesiame GIARA Jpgien %&?&%é‘l@hy a 6DRoprgian @%SEQCIJ? ding to

the invention, espgoi 8 ad & CIBRAKELIH o@sE(gnblmlgrl@? afdGh @Re HER &iagli ng,
e.g. by’ class switching” i.e. change or nutation Fc parts (e.g. from

lgGl to 1g&A and/or 1gG 1 /1g&4 nmutation).




The term "reconbi nant human anti body”, as used herein, is intended to

i nclude all human anti bodi es that are prepared, expressed, created or

i sol at ed WO 2088l nant 15 nmeans, such as anti bodi es | $6TAP2YINPEGRL a host
cell such as a NSO or CHO cell or froman animal (e.g. a nouse) that is
transgeni ¢ for human i mmunogl obul in geriés or anti bodi es expressed using n
reconbi nant expression vector transfected into a host cell. Such

reconbi nant human anti bodi es have vari abl e and constant regions in a
rearranged form TH&ableciomyiimarf€DREmagionmtfiJKAilBsNQe 20y dliGIR2 egidreof

invention 20 havesé(gelg NI esfeAcChR 11 Beivh 6@ SEQRS N©:fyper mutati on. Thus,
the amino acid sequences of the VH and %i reglons of the r econbi nant
anti bodi es are sequences that,. while derived and ] ated tg human germ
line VH andAtetheeinRoriment ofdle inyention 1sadisaecy ig agibosy Wndmeria SR dnt i body
Ig_erhm i Re_ FKH\G/ERC)dthJris[hg?/a \fidst aﬁh@en-%&fdhr@!g&hdﬁﬂhiﬂds té \m{t{/}ﬁ)la?e a%ﬁ&hd; gf a

i ght _chain ria r.egi on av as used herein
denot es eac‘?‘P(n(gFl)' bhledalbga IFe tg?t qlﬁ%intf’ @Eﬁa‘a‘ﬁe‘%\?v{eﬁ‘é ﬁch is invol ved
directly in binding the antibody to the antigen. The domai ns of variable
human |ight andiheaidyantigenrhinding siteheres eand geasr off asantbedyr beavydchaach
domai n conpri ses feg.agferd%ﬁﬁm & iRHibbBOHERSRIROSFIBRURNASS are wi dely
conserved, connecte ypervar e regions” (or conpl ementarity
30 deternlnlng reglon The framework regi ons adopt n- sheet
conformati on ant) i ﬁt@hgmaetp hﬂmlﬁﬂsaeﬁgmea?ﬁteaéqteﬁgymenwae gddogaict ur e.
The CDRs in each ®)NDaNe®:TebdSEQ IIMNO®: Bhameadlighnshaahrisile Wohiaire by t he

fra rk regions the CDRs fromthe other chain the
ant ."S@ﬁ bi ndi ng siﬁa“fﬁlﬁtﬁ‘i n?'?i%ﬁﬁbﬁﬁ@vt)oand li ght chain CDR3 regions play
a particularly inportant role in 35the binding specificity/affinity of the
ant i bodi es accoridisay tsecondeantigeartinding asit¢ coraprsesr as heany (sthala Vamabther
obj ect of the i nvepidANSEQ 10 NO: Ji‘grOSEQ”ﬁ) Ny per ér%?]'aéh Ofhab®

"antigen-binding portion of an anti en usé erern re er to the
amino aci d resi duglomsin aSEShID N&95M|S£IQH?§Q &9ponsi bl e for

anti gen- blndlng The hypervari abl e region conprises am no acid residues
from the ' cAﬁ@themaﬂts(aﬁlint:m clahemVetidigisradgsprofic a(ﬁhbodmﬁdmg tEmmw\@md(" or

5re are those riable domain re
nyperdari aniTBgrEPPaE aiiy AlefubRhals hafBRheRor Hard B uieond, and
heavy chai nantigen-dimdamg $itecttigt loodgoiI6F - FR ailmatdcteriaediint thatmi nus t he donmi ns FR1,
CDR1, FR2, CDR2, FR3, CDR3, and FR4. CDRs on each chain are separated by
such franmework I £§F§ he
regi on which coﬁt ri bu?‘gisg%ﬁrmbsntﬁﬁ{t?%%h@é agenf 1.0 gfr d‘Lh i Qﬁéyyd)gﬁ%ingé}rﬁeﬁgl ons
are deternined acc@fablsglomsin e an ayidady 1&@fqhﬁlr’t‘{36‘r"i rdogeaiit et al .
Sequences of Proteins of Imunological Interest, 5th ed., Public Heal t h
Service, Nation#) shiisfitst Hﬁt@n#ﬁmdtiﬁgbitb poﬁphb&saiaqea&@cﬁéhﬁQlﬁhablé'hlenﬁius pecific

havi A~ coneer vat 152 LaAlEn sM Gl eREa RSt el P EINERG T8 0 ©°

"variants" of the bispecific antl bodi es). This neans nucl eoti de and am no
aci d sequence nbibiskidc aedondsantigentbiniting (titeatéroptisesr asalheayy tchain variable
above- menti oned Chghiflt SECHID 850053 [ ANfibhadindGARbH Mndift o SEQIY Nt i on.
Modi fi cations can be | ntroduced by 'standard techni ques known in the art,
such as site-dired¥@d2ut agenesi s and PCR-nedi at ed nut agenesi s.
Conservative am no acid 20 substitutions include ones in which the am no
aci d resi dugnother @pbctifentdflthe Biveiomie a&ﬁspicifﬁsanduedﬁmun@ ta EBBR h@d si de

chai Fam of .am no a sid hav c ai ns ve been
Gort f2d 1 n WHETENor s frll R BRSNS P bat 3 R S0 Ao

chai ns (e. gantiggsibmalingsits thatrhendshtiod GiFell Ryetharagerided insthate chai ns (e. g.
aspartic acid, glutamc acid), uncharged polar side chains (e.g. glycine,

25 aspar agi ne, g Lé'éﬂnhﬁ?gensﬁﬁdlﬂg 51t5§“é1€eoeédi\ea pad’ HANGntiGIBL BéV§: chain
tryptophan), nonpol ar side chains (e ani ne, valine, I'eucine,

i sol euci ne, proli ﬁ’é“aﬁlﬁé‘ﬁwaét%%’eam%tihi‘g?ﬁ%)" vagiable omaihed si de chai ns
(e.g. threonine, valine, isoleucine) and aromatic side chains (e.g.
tyrosi ne, phenyl al ani ne, tryptophan, histidine). Thus, a predicted
nonessential am no acid residue in a bispecific <EGFR-1GF1R> anti body 30
can be preferably replaced with another am no acid residue fromthe sane
side chain famly. A "variant" bispecific <EGFR- | GF1R> anti body, refers
therefore herein to a nolecule which differs in amno acid sequence froma
"parent" bispecific <EGFR-1 GF1R> anti body ami no acid sequence by up to ten,
preferably fromabout two to about five, additions, deletions and/or
substltutlons |n one or 35nDre varlable reglon or constant reglon of the

oy = . 1 . " 4 e



descri bed by R echmann, L., et al., Nature 332 (1988) 323-327 and Queen,
C., et al., Proc. Natl. Acad. Sci. USA 86 (1989) 10029-10033. ldentity or
honol ogy WPt2h1@84pect to t he sequence is defined herei nPeI/EPRYIHEG782Nnt age
of amino acid residues in the candi date sequence that are identical with 5
t he parent sequence, after aligning thd2sequences and introduci ng gaps, if
necessary, to achieve the maxi num percent sequence identity. None of
N-terminal, Ctermnal, or internal extensions, deletions, or insertions
into the antibotly sgfiesheetigindindipg sitesempriees assheavy ebainngrigelgudommdn
identity or honol DO VRTna Rt lipRE @altSvdriaBlealdinmdih R EQPIIPNEA 1puman EGFR
and human | G--1R 10 used herein, the term"binding" or "specifically

bi ndi ng" refers.to the binding of the anti body.to an _ epitope of an antigen
inanin vitro 4958 s ?Oélrfle?%fgqeﬁ?'ql?l‘s}égc%ﬁel CHRBRIFSERS §,§\EW'[ AipFAEE S
expressing wil d-t yjoenauntSEGeID NBDNOB nghdn@alightachbinndtiriagleaddrnaintay SEQD)D of 10- 8
M or I.ess, prefere}\t?byzslo- 13 Mto 10-9 M Binding of the antibody to the
antigén or FcyRIII'"cah'be investigated by a Bl Acore assay 15 (Pharnacia

Bi osensor AB, Uppsala, Sweden). The affinity of the binding is defined by
t he terms kangtherembeshmeninaf thonvenidomnissiduspecifisrantibodhbinding th &i3FR awin t he
anti body/ aniGigeR &RimRlstrg) a L Mﬁgéﬁ.@}iﬁiggﬁgdg& #ANBIRAS LY EGHIE oK k@) . The

term "epitope" includes any pol ypegg et erm nant capabl e of specific

bi ndi ng t o HRieshdinshegsite thathindstodGendRbrhawmstesized i thale det er ni nant i ncl ude
20 chem cally active surface groupings of nolecules such as am no aci ds,
Suga[} si de chfa:c ps,staﬁlhmtfgprwhdipgrsitlsyIai:d)aatith, aep:ad, %ﬂ ma?ﬁbc_ai%meﬁigoaiagfent S,
may have specific r i mensi pna ru ral . char ristics, and or
speci ?i c charge char ?éll@t%erolmsflfrl1 %nsdoanA?{lt%Bfl}'glﬁ% Cﬁllgmavain@gﬁaoq?mbafm’an anti gen t hat
i's bound by an antibody. In certain enbodinments, an antibody is said to
speci fical l'y bitH said st pefegenitieding sito Somprisdseasdreny ychain veoalynidoesin t s
target antigen in Sea\gﬂﬂm@%?,%&Byfigh@ha&r\%h%bﬁ%oﬂﬁ% SEQRFKegbecul es.
Hu][ran egl ?er Eal growth Eg(é}?or recept (7)(r) (kg!as;) knommngs ER- 1 ort’Er b- Bl,dagd
referre o heregin as " ‘). 1s . a < ransnmenbr ane receptor encode
by the c-erbB pP’atsal-adoﬁE‘iﬁ’ﬁgn%‘gtlg&H' "éfféﬂg biltes COPTeA s hedposhaie Kanahle

act ibvi ty (g/bdj tageid{maiﬁBGEQ ID eic(;:aim,,argras(lggoh(t)%aﬁli@led’ga;i&&g(dc?ﬁﬁ)slvaBQZ@;

Her , RS., an ] D.M, ncer 94 1593-1611). i SSPr ot

dat aagse entry Pod\?gB%pr ovi des the sequence of EGFR There are al so

i soforms and variants of EGFR (e.g., alternative RNA transcripts, truncated
versi ons, pdngtherqmmasimenteafdhy inveationdis adisperificantibpds biedingdo FigFeand

i dentified for B rgingg@m%%ﬁ EAbIndidugRERS: FAS 33 EGFR NP 3%5e€ond - 19 -
P00533- 3, and P00533-4. "ECGFR i nown to, bind |igands 1 ncluding

a) , epi der mef"tigFR W‘?%%Fdh?t(bﬂﬁss)t,o IGF a%f%?‘i%?‘i‘?&zifg’é\/ﬂlﬁ factor-a (TGF-
anphiregulin, heparin-binding EG-F (hb-EGF), betacellulin, and epiregulin
(ng %St : lR. S. ! Qn%e;iﬂhhmigeﬁ)-gﬁ(:{iré%gSEQa%&gaohw@g%giﬁﬂﬁgiﬁﬁoﬁy h&@'@l teélﬁlﬁhn, J.,
an selga, J., : - .. requl at es numer ous
cel l ul'ar processes aglglglg{&?/rrnglsnl r{lél-% ngggd@%?tac?‘gﬁ‘)épaﬁglﬁ Ahsducti on

pat hways, including, but not limted to, activation of signal transduction
pat hways that chtspidl fiseptigsndiinding ait¢ epmpdsasfastheary ahdinvariatde ldogaini val
apoptosis, angi CUBIES 13 NOY . Q8¢ BER LR chai aRBbRYbARIFSEQUR RY: 16 . et al .,
Ann. Oncol ogy 14 (2003) 1346-1363; Tsao, A.S., and Herbst, R S., Signal 4
(2003) 10 4-9;.. Herhst, R.S.,.and.Shin, .D.M, Cancer 94 (2002) 1593-1611;
Modj t ahedi, H. ,“‘St%a‘gl .S‘?COB#.anjlge&g’ g e quuRyses a5 by chajsuyatabls ke
growth factor | reospinBEQ BN 24Rnd2%k 1t ichsin)vdsablendisndia at SEQfI@M |y of
tran%genbrane prOtI\?(b-nZO()t yrosine kinases (LeRoith, D., et al., Endocrin. Rev.
16 (I995) 143-163; and Adans, T.E., et al., Cell. MI. Life Sci. 57 (2000)

As used herein, "antibody" refers to a binding protein that comprises antigen-
binding sites. The terms “binding site” or “antigen-binding site” as used herein
denotes the region(s) of an antibody molecule to which a ligand actually binds. The
binding sites in an antibody according to the invention may be each formed by a

30 pair of two variable domains, i.e. of one heavy chain variable domain and one light



15 1050-1063). Swi ssProt database entry P08069 provides the sequence of
|G- 1R IG-IR binds IG~1 with high affinity and initiates the

physi ol ogvoabiwsfdnse to this ligand in vivo. |G- R alPSH/EFRINEH06782 | G- | |,
however with slightly lower affinity. I G--IR overexpression pronotes the
neopl astic transformati on of cells andiBhere exists evidence that IG-I1Ris
i nvol ved in malignant transformation of cells 20 and is therefore a useful
target for the devel opnment of therapeutic agents for the treatnent of
cancer (Adachgin Varfable éamaih, Thslihimalbinding fite térmisant (Re0ENtM@HOSG3) . I n

one enbodi eq(?ﬁ{ LOSP full

| ength palr 2}?&3 v %ﬁlh}%f{gg@gg%%% Pg%@ﬁgﬂﬁg{} r%lfﬁ* epgﬁléf h an%%cg%gyﬁe dgnot es

an ant i bodybiadingisies pemprises\an antippfly hegigt ehairp arighle dempinne) and
“Tull | andbly aizght RR&Y VdrGble @&iAkinS Vm)s QfAd Fireferadiyl O ff&fneﬂcwiiaﬁdlﬁ

structure of a fuI | engt n so in Fig.
T o2 reonRgling pha AR et e ﬁ@%ﬁrvavawlsﬁpnmm FRLAT AUHRE TRRTH 'si gl o
chain Fv atct}aﬁhmmbhsc(o}ﬁ@iRIVHmd with single chain Fab attachnents

(scFab- XGFR) ) . "full length antibody heavy chain"” is a polypeptide

h
Core!otL19, ARoShAy ety At v Rk Aighth P 4800l a0 ERLLERRY "o

1), an ant |<mmye hthga retigon Narral antibediehobly néawlecme nmepAsPeaiiic. domai n
2 (CH2), andgian:cait hiiddidde avdorain 'tB tﬁé"i}ﬁ»teﬁﬂ&n Q&”ﬁitﬂi}ogxeé @Wiidh haRbRRYi at ed
as VH- CHL- HR- CH2- CH3; and .optiona é ntib q? ﬁ‘é‘Chal n const ant
dorral 4 ( cligfprent, aplgen-pind a}g SPRAIE Fwea@?éube Ydes |1gere Biags eReipl y t he
“full | enlgtzfpealgbitpqely réblagﬂ‘)te@b@tdj)es hﬁiy&)emkm&i with a singl® anti geansi weith ngI : n
N-terminal to Citermna r

ength ant i DO PR g Dar KnUoSReopy s piebiot intiiotidfe PRt ol to
C-term nal different angigeo$, i@NEGHR| dsddyt dntighn anh Kiln 1 Raasisadsind adbgen.n (VL), and
an antibody light chain constant domain (CL), abbreviated as VL-CL. The
anti body 1i- effi 3dbnosheeAtStaaRbodPiRided Hekdin A&TbtEEar &ntfb%é?lﬁ?a)t has ofe

(lanbda). The two full Iength anti'body chains are |inked together via
i nt erlSpol yp%fl?r&é%ﬁl%ﬁlfQScféclb%waBée%@ﬁh? FRNCEPIPRREL e antigeM1 domai n
and between the hinge regions of the full Iength antibody heavy chai ns.
Exanpl es of Theyeimalvaleni” Iasllse@mtmmtﬂehﬁdiea'o‘amﬂﬁau‘\@t tértesatht ipb@dh@Soﬂz’t ke 19G

laG 1 D, d .|
i Shour os wRBet tanttes ' Mindfe.sice o Boineirty it Ay 508 de €ny 4
human, or tfeeyaladh ‘teravhient’ audthaxavilenttdieaed tanpresrnde ef twd himding ditel enght

ti bodi t
Soch- o B SSRGS LN Ay SERES S ST ORI,
same 28nt i gemspeprﬁfsarﬁl ﬁéwws%dmg@tmmvgwﬂor{ &refqy ¢asy énmlﬁr)t and %ﬁk}e

conpri sing ‘&nfréléﬁtt’ @nt‘ﬂngﬂmtvnﬂdwg (“tdPavialdn®’ @Bd‘h%samnesﬁ’r)n@r@f%rdbw tR&It | body
i ght chains an heavy chains i th antihody. The

C-term nus YFPEHE mm@y GFCQr%{‘@ﬁttoéK%f"r’(eBtf‘o%? V"i‘lﬁ‘i‘tr trrv QT afFtRBEERF denot es
t he | ast aninneneaehboditmehtheniChispedificumtibdds & Hwhleatv;ln @nhel anghuidirabiati said The
N-term nus (o] chaj I denot es
t he | ast arrlﬁ § oecg‘gcl g& ﬁf&é?’ fs 'k’-vg e% mﬂnhge %%nbégfl"q ;ga\fiyugspg(} Hc%{ﬁhbﬁ%ﬂs 201 n
one @Abodi nehavaleitd bi specific antibody is bivalent - using formats as
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The terms "monoclonal antibody" or "monoclonal antibody composition" as used
herein refer to a preparation of antibody molecules of a single amino acid
composition.

30 The term "chimeric antibody" refers to an antibody comprising a variable region,
1.e., binding region, from one source or species and at least a portion of a constant
regton derived from a different source or species, usually prepared by recombinant
DNA techniques. Chimeric antibodies comprising a murine variable region and a

human constant region are preferred. Other preferred forms of "chimeric
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representing sequences recognizing the antigens noted above for chimeric

20 antibodies. Other forms of "humanized antibodies” encompassed by the present
invention are those in which the constant region has been additionally modified or
changed from that of the original antibody to generate the properties according to
the invention, especially in regard to Clq binding and/or Fc receptor (FcR)
binding.

25 The term "human antibody”, as used herein, is intended to include antibodies
having variable and constant regions derived from human germ line
immunoglobulin sequences. Human antibodies are well-known in the state of the
art (van Dijk, M.A., and van de Winkel, J.G., Curr. Opin. Chem. Biol. 5 (2001)
368-374). Human antibodies can also be produced in transgenic animals (e.g.,

30 mice) that are capable, upon immunization, of producing a full repertoire or a
selection of human antibodies in the absence of endogenous immunoglobulin
production. Transfer of the human germ-line immunoglobulin gene array in such
germ-line mutant mice will result in the production of human antibodies upon
antigen challenge (see, e.g., Jakobovits, A., et al., Proc. Natl. Acad. Sci. USA 90

35 (1993) 2551-2555; Jakobovits, A., et al., Nature 362 (1993) 255-258; Bruggemann,
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30 determining regions, CDRs). The framework regions adopt a B-sheet conformation
and the CDRs may form loops connecting the B-sheet structure. The CDRs in each
chain are held in their three-dimensional structure by the framework regions and
form together with the CDRs from the other chain the antigen binding site. The
antibody heavy and light chain CDR3 regions play a particularly important role in

35 the binding specificity/affinity of the antibodies according to the invention and
therefore provide a further object of the invention.



10 an am no acid sequence with a length of at |east 15 ami no acids, nore
preferably with a length of at |east 20 am no acids. |In one enbodi nent said
si ngl e- cHAPIP10RBEH1I s (GxS)n with G = glycine, S = seri RET/EPRO02/0878hd n= 4,
Sor 6) or (x =4 and n=3, 4 or 5), preferably with x =4, n=4 or 5 nore
preferably with x = 4, n= 4. 15Furthermiire said single chain (single chain
Fv) antibodies are preferably disulfide stabilized. Such further disulfide
stabilization of single chain antibodies is achieved by the introduction of
a di sul fi deThetamsehyiesyariahle rggionapr andigamibinsling partien of aghwsitolds! when
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according t t n, he [l mai n position
e hnd 11 hyBRHLARAS 0 NatioRal MERIIEE Heai Bidtnash. B GafBi nont “sai o

single chain (single chain Fv) ant i bod| es w thout said optional disulfide
st abi | i zat | Bie beperifia antidodigs jagedrdingoteathes inyentierd indludst in mlqumglseclmhal n

anti body ( sarib@ies Nedving™ V‘):or%'éﬁ/aﬁ{/@fs%ﬁﬁéfée ﬂn@dﬁicﬁﬁ'&ﬁshe(w}ﬁgﬁ)qg'lﬂgemt
bi spel%l fic antibogd ant | ndi ng Si tes are

each ‘Por med ‘5§12 'E‘tﬁeyotfv% gﬁ?ﬂgglc’f‘ifeg‘hé’é’ﬂ?sg nthip jragans Ml%“@ﬁ@ﬂﬁtﬂf@nﬂm ns of
the rmnospemqﬁerﬂ:ebmmlhﬂ@hmﬁr@mbhaﬂbl hgtdyag;ﬁﬁd (glothggxbltﬁléi 55@v§&@erﬁ1@ﬁ§d by the
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(full I engtdiinacid esdidueaalingsl 8midar Hdd eRaih OF TR ¥F%mino acid residues
having similar side chains have been defined in the art. These families include
amino acids with basic side chains (e.g. lysine, arginine, histidine), acidic side
chains (e.g. aspartic acid, glutamic acid), uncharged polar side chains (e.g. glycine,
25 asparagine, glutamine, serine, threonine, tyrosine, cysteine, tryptophan), nonpolar
side chains (e.g. alanine, valine, leucine, isoleucine, proline, phenylalanine,
methionine), beta-branched side chains (e.g. threonine, valine, isoleucine) and
aromatic side chains (e.g. tyrosine, phenylalanine, tryptophan, histidine). Thus, a
predicted nonessential amino acid residue in a bispecific <EGFR-IGF1R> antibody
30 can be preferably replaced with another amino acid residue from the same side
chain family. A “variant” bispecific <EGFR-IGFIR> antibody, refers therefore
herein to a molecule which differs in amino acid sequence from a “parent”
bispecific <EGFR-IGF1R> antibody amino acid sequence by up to ten, preferably
from about two to about five, additions, deletions and/or substitutions in one or
35 more variable region or constant region of the parent antibody. Amino acid

substitutions can be performed by mutagenesis based upon molecular modeling as
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and two ant MSod9rePt FREVENS: A ger Ahgning uengeEs i @8ninte gné‘l’ »cfhai n Fab
fragments speaesdaryad layhibventic mpximusspeaicese sapuensaidentitgnNohdef Ntteaninal, t he

two ant| oot iRal’ or tFIJnra %@foﬁ gélghgnss'&g'ﬁs)eﬁih% m't:é‘t{h{e ity > under

b) are fuse to sard fu under a) via nect or
at the C osequenaeeshlinbe @mstmml h@e@f@ﬁc@mg Isegprence Hagmitpfors rdolbayl Thengt h

anti body.  yardht RiSnS RSN bindhuhfaHGER and highf IGRAIRY Fab fragnents
binding to a second 10 antigen are fused to said full length antlbody Vi a

a peptlde connector at the C.termnus heavy,,or f sald
full Y0%engt h Jolaf‘a?m i L tiReBET rﬁpe?lﬁﬁal&j@ﬂ ‘i“éarefg'isﬁgqéﬁ Ading
fragnent s bth&danlﬂgotﬂy) tais epmmé @thztn geipearie ahuaedtrd Qsﬁg; ﬁreferhlblyllﬁ rag&dnl-
ant i body w@ pl:elgﬁﬁ i at the1 Ct rm neusm? % ] eavg chai n of
said full ?"ns fl 14 bogﬁ/ Snd PEAD O YRV\S %eélh 8‘5{1 %Ifse chain
Fab frag nenbmdblgmiﬁm@y (I@)eofsléc d‘vid)rahcvss; mreferahiy 10Uskctot10IMi Birfding off thagt h
ant i body vi i r nC f C t in of
Zntfbol§ Plo! Iﬂ% gﬂﬂ 'ék%A *99 ch hﬁaa bE %Ué §te8 by g\ 1!%91*% a&hgl _

said full Iength ant in agrre see_ Fi ure 11) is

a pollppept i Fhappada &9%@%#"%@%9%%8&[ fﬁ’éaW étfﬁmthomqbaraﬂl@g ingd (VH) ,
gn anti ?3E§’b§5(1ﬁétt@ﬂﬁsb(kg”§rlhﬂé &(%r(sgﬂl)for tRO a?%@dﬁdnb@ﬂ)fhé |aﬂhbod?}géﬂd?r|1 Vtﬂﬁ i abl e
onai n 0 | I N canst an an a |1 nKker,
Shereln os A EROTBBETRAmAIRD. kp AP ROPT EemreoR! Bedkekafhe fol | ow ng
orders in N-term nal to C-termnal direction: a) VH CHL-linker-VL-CL, b)
VL- CL-1i nke’tfhé/l-ﬂelﬁlﬂl"epit()pe\')'l-ir@ludlei; ningrp(\lbzp@fﬂdeodetd)nimntc:bﬂpab]enb‘érspWIﬁCL; and

wher ei n Sa'gl fgs Jﬁggy@f;péehgﬁl %@b@h glne% teplt%?

preferably am no aci si'ngle a| 3 %r agnment s
a) VHOCHI1- IPhﬂt‘@Pa \M_acm_ve syyfawg@ypmgﬁ l@érmqm@ﬂlsqu)aS\ml@|aplﬁﬁ,esug%81¢ﬂ1 and

d) VL- CH1-| ik, pHbkpgHeryl2b€ s§lfféﬂ311 | 4 dn \beRaihNEnBLIMERK, Hia§Halt dBedifBd

bet ween t he omai n nd the CH’ dormi.n. The term."N-termnus" denotes the
| ast ami no 315%9@?%?%3 l\ﬁt’E‘@F‘}WIn‘i]?raCﬁ{@“f’% "QF.SPEFIHE (fharge SHARATIRISHCS he | ast
am no acid ah éﬁi@pe-ltefmgm:ﬁ of lan ntigerfthatr Rdb@mdosly mandntibadygl Bnteragaly

domai ns and s ker d suégi chai n. Fab fragnent have one of the
fol l owing o r (91 | ra&tl Ei? n{;;ﬁ:&} 1caﬁy {)ma an antigen w?len 1(t)
25 preferentlally recogmzes 1ts target antigen in a complex mixture of proteins and/or

macromolecules.

Human epidermal growth factor receptor (also known as HER-1 or Erb-B1, and
referred to herein as "EGFR") is a 170 kDa transmembrane receptor encoded by the
c-erbB proto-oncogene, and exhibits intrinsic tyrosine kinase activity (Modjtahedi,
30 H., et al., Br. J. Cancer 73 (1996) 228-235; Herbst, R.S., and Shin, D.M., Cancer 94
(2002) 1593-1611). SwissProt database entry P00533 provides the sequence of
EGFR. There are also isoforms and variants of EGFR (e.g., alternative RNA
transcripts, truncated versions, polymorphisms, etc.) including but not limited to
those identified by Swissprot database entry numbers P00533-1, P00533-2,



- 28 - direction: a) VHCH -linker-VL-CL, or b) VL-CL-linker-VHCH , nore
preferably VL-CLIinker-VH CHL. I n anot her preferred enbodi nent said

ant i body woraivis44emd said |inker in said 5single chain Palb/HEPe@gesTs2 have
one of the following orders in NNtermnal to G termnal direction: a)

VH CL-1linker-VL-CHL or b) VL-CHI1-linkertoVH CL. The term "pepti de connector”
as used within the invention denotes a peptide with am no acid sequences,
which is preferably of synthetic origin. These peptide 10 connectors

accor di ng t 800533ehtandnP Q583 ws AGHR if ket ke bmidrigdaads hredludif@lo),epidgmeait s t o

the CGor N ' ' f 1t 1 fic
ant i body ac%’lg“gb nr}ya?gh%ﬁgﬁiﬁ;}é\%%{% g%%r“@?%%@f% (Zgilf_d%gm??%}ghbgé ectors
under b) ar bmﬁﬁ}ﬂ1%@5éhbviEQF)ahetafFﬁllﬁbnaamdcpps@E@@h@éermtt -S> aehfrin, BiMat | east
5 am no aci dancd?vaf(26@ 1$93416M1 AVERKIANOS., MdtBastR, J."Oh& dhEN 9120y of 10
to 50 am no g\lﬁgg I 15 enbodi nent sglg pB?rptlde connector i.s (&xS)n
or (G0S) nGnfPut Q@:W%W&W@S:ﬂ%ﬁorlé,w HQr (Broces§es (yia dyroginedingses  ang
m= 0, 1, 2 ffedid}edodigiat tﬁnédutﬁ]?ﬁ ,paﬂliwa‘ﬂ's,dhclﬁdifmgdblmfncﬂ,lilﬂixecQtthct&)atnigﬁgfff erably
X = 4 and n=_2 .01 3 re prefer ywith x.= 4,..n= 2. ln gne enbodinment
sai d pept i defn e oS aS ipicotibl o ieepifion, o fadi i ae ne

i nventi on dewrgivel apoplopisi aegingenesigminitogenssid, add metastasisc@stalawh Goheti a.,
preferably S ' Ingi T ty de [ ' {-qn are
sed 1o 11 iy ORISR, P B100) Taac! (9650 TRGPA 5 Sp A BMNSE 1S, PP 200298, 21,
d) VLO0cH1 t §-SviHerksttR St anechShite M1 Gaticsp94% (30922 12931 6l 1 Moditahgeie R <ct
accordi ng t g the)ioueet 7PN 995) Yd-44h- | i nker-VL-CL, b) VL-CL-IinkerVH CHI,
c) VHCL-linker-VL-CHL or d) VL-CHl-linker-VHCL. Said linker 25 within

the single chaj.n,Fab fr nts. i s a peptil ] n_am no.aci d sequence
weha Pengiaifikf wrabdf TS fesBi BOFE, &b rarl s Maeh safirgn B ST 52 1o
50 ami no acfaisly bfi tranen@ntyadé pesttinstyradire kikasesi(EeR&GtE) ., wit tah, Bndoginyci ne, S
= serine, ($%.73 = Qlal w1l ryég &4 5 6, 7
or 8 and m:ii&/' 116 @9%? _132%%? g?d’é‘;/\ glgﬁs; ?viEt'hetxﬁ%%ﬁlﬁ)rll\g&Es L(q)iié %m'a%gra%?:dbg, 1, 2
or 3,15npre pPEFERGN| SWisistrot database gur=Po8Qedprarides the, sesweneandbithd®t sai d
l'inker is ({&HIIRBAndsAGF-PRA Kighhatfifityl afill REikiBtes i Bh)ﬁs%lo {caI0r8Mdnse to
additionally .t iigt he . nat ur hiul fi ge bond h\/\@gn the C -qo Bl n and the
CH donai n, ARt dn AAYQ- plGHRy Ihalse, Dt it la b edeimaith Awmraﬁm he
antibody |i gﬁﬂnit@hﬂgﬁ’ll}?la:/élgbﬂ)msﬁ@ﬂpﬁomdté&he ﬁé(ﬁ}lﬁﬁtilﬁufahhﬁﬁnsﬁi@bbﬁ ¢etledndy

I ntroductiop of a disulfi et ween the | ow - 29. - Si,tions:
) heavy. cnieft ol shidenis fhaf ROEIRTS RN B n i BistormGalion B & o n
posi t20on 10&nd is thereforeid) useéialviargeh domthe alei elbpmentontatharapeutic agatsl 65 the | i ght
chain vari aBb&nfdRiEH AndR QARSI £3 ¢t 81, Cell. Mol. Life Sci. 57 (2000) 1050-1063).

In one embodiment of the invention the bispecific antibody comprises a full length

parent antibody as scaffold.

The term “full length antibody” denotes an antibody consisting of two “full length
25 antibody heavy chains” and two “full length antibody light chains” (see Figure 10
for schematic structure of a “full length antibody” without CH4 domain. See also in
Fig. 1 and 12 the full length part of tetravalent bispecific formats with single chain
Fv attachments (XGFR) and with single chain Fab attachments (scFab-XGFR)). A
“full length antibody heavy chain” is a polypeptide consisting in N-terminal to C-
30 terminal direction of an antibody heavy chain variable domain (VH), an antibody
constant heavy chain domain 1 (CH1), an antibody hinge region (HR), an antibody
heavy chain constant domain 2 (CH2), and an antibody heavy chain constant
domain 3 (CH3), abbreviated as VH-CH1-HR-CH2-CH3; and optionally an
antibody heavy chain constant domain 4 (CH4) in case of an antibody of the
35 subclass IgE. Preferably the “full length antibody heavy chain” is a polypeptide



iii1) heavy chain variable domain position 101 to |ight chain variable
domai n position 100 (nunbering always according to EU i ndex of Kabat). Such
further dweubfoiidedast abilizati on of single chain Fab fra@e#EmPo080e8hi eved
by the introduction of a disulfide bond between the variabl e domains VH and
VL of the 10 single chain Fab fragnment®.- Techni ques to introduce unnatural
disul fide bridges for stabilization for a single chain Fv are descri bed
e.g. in WD 94/029350, Rajagopal, V., et al, Prot. Engin. (1997) 1453-59;
Kobayashi , bbrmmngah N-Numniredto KediminakdigedBiool adgyil, ©bll, HRG ,CH2 888 CH387- 393;

or Schm dt, - 1.9 I i ment
the opti ona ll?%r}g]ﬁg%nt gq%ﬁp\;&\é&eﬁ %ggepo]tggepaé%%ns}%%kéﬂnl\?ﬁs g? %j]gdm ngl e
chain Fab ftea@mhdge@mmﬂagéatlbcpﬂytllr@tahmnbreagfblaé@mam (V- end aeantibpdit i on i s
domai . pos, § ErchlfeoSlah e 1T IRRSIACOEs b T he Bl Ui 2 veen
the vari abl @%&%#ﬂ@a@f(%éagPﬁ@(kamﬁphhﬂéﬁﬁﬂ )a&?»éﬁw iﬁ&l&f%@tﬁlbpﬂ.‘/t he
ggtl b0_d%/_ acel%%b E!@dlﬁlﬂ(eﬁh@getﬁ&&eﬂial mferlp‘é)llﬁﬁgw_ﬂlsbﬂ'fdéyt;@ﬁalb’etWéﬁﬂ tfhb|©L domsu n
position an g ain vari e domain position
al ways accof¥Pfig ¢ Eﬁ eﬁd QIB?mKaé‘S ﬁ%%we?’h?té%hgﬁgor(ﬁ%ﬁ g‘ﬁ%g\‘n‘iqg n Fab
fragment wi amlhmﬁyslmadyaﬂtalrmnaixampdml of dypisdl afvilll length antllb?ehe/sem héteralar i abl e
Qomal ns v BthallesGike'1BG @LLALE 1 GAARGER L1 AEATH é ol Bt Qehath.

25Pref erably sai d seco I ment n-té speC| ti body
accorldi ng t@ntth@élqswwﬂutgnmctbﬁme@é@n fco be deoms jacsangl %FP@I@ Q:&ahmnqza@r

fragments (ﬂ{e?f @d’nalBEYCh\{#reﬁ:ked lo@kmrnme@%ﬁnmw BHe ﬁhptl&grwsmlbbaleghe t wo

Ctermni \ychalns Qr to the -term ni t&%’m two |ight
chai ns of s&Qr H$|t° Iﬂéen ROUQHR F‘P}BBE}S%W&:P“%%C“ pdRErSIEs SAch egsby A two
identical fpastrof ‘{DIEIpdﬂdd&’i (vetiitih ot ypecBicaligebiyd abahe samd sitiggh.eThikaan Fab
fragnment or_ji t ai.n 4 N Fab.fra g)s whi Gh _are
coexpr essedmv(\)nn%)srpec t blvgie?t (t hﬁm e ﬁ&'l)c ggn X COIP%HSI%ECF s %‘gf%ng?ln‘ﬁﬁ% full

| engtl® ant i sitedgnd: eongistiag Dﬁ@vmamﬂmdyﬂlgbt elrrmnsbamﬂyt“@cambddyngeatvw dhpmsiingent i on
(see Fig. lgy l%ﬁ%tﬂr!ﬁiltlﬂ)éla The (‘,?‘Qermuln% St the! EEW orq??@r\ffﬁ@f ] ﬂlltlgﬁ%ﬁ‘val ent

bi specific ant I's characteriz I'n that “sai | ength antibody part

under a) bi #iody dE@tRS thedast arung agid af thel e tearmanys qfasaldrbe&w@hbshtmb@a b)

bind to | G-TARN-terminub omﬁeméab ror ﬂgmoaiaim@ﬂsascaﬁm lefifthambibedy détosaaef i C
anti body i s, charact erl t.h anti body part under

n
a) binds t ol3FCENPR agidp g‘%ﬁ]g Ee\%‘"g’isr‘? F‘ngﬁ%" rl’—!h‘—’t!')‘?&?aéﬁnents under b) bind to
EGFR. In a further enbodi ment said bispecific antibody is characterized in
t hat 20he cohstoaatembglimentdeaidvedpedifidiamtibodyr iigibavalent - Jusing fermtater as

embodi ment 3%'01qb&* %ngcéfid: v@@t%d@@%oﬁ 0%966%862%‘% !oP W@?éo@*l%oz%ﬁ’ .
constant re 0 bi'specific ant | accor di ng Invention is of
hunan | gGl H&l%&chaage%mmm mycﬁxm@ﬂé)sgrwlme@ na anﬁ?fa'?'lFéer5191234A and

tLﬁBEAi hl n aaﬁt%UoH?Whe@éﬁQ@ﬂé fBiﬂ@Ie &%hpm ﬁfgﬁenft '1fsp§6¢éicl}@£iEGFR &ldanaetRri zed in
a e copstan on o iS I ¢ antibody_ac in
i nvention atffi booﬂ?{Fegk £ (SR pggtcloéssc) 1Y n%E 4Rﬂqt1ﬁ%r@7@hg%%?§ent
Sﬁ.l db:zbl spec(WOcQ(Hl@fO&D)gdy) [ sRﬂgezaga,ct erBt .Ze®rotaint h&hgt he c()m%)intmrm@hl@n of
t i speci n man
e Dspect W6 ot RRAAARHRRch M & % Ret PEERLION, ARkPRs k. Rl BT

| gG3 subcl ass AUl nent. said-
char act er i z8d et al.+ héVleloBiolaA70 l(élﬁ%r%o% andeER i1 § 459 1¢c Tmné bodrpdiamandr di ng

to the invegfl ebﬁico&tlBHd;i&cb&%g tc?ﬁ\est% i8R s ?‘[ara nz{sg%cﬁrﬂpﬁ\klﬂ SsW th

t he addi ti onal tation has now been foun eC| fic

ant i bodi es #BWEr it §etusnessot IFR dRt NPad@nBEQnTh AN 3 1S B

char aot er i SSEQSID myw B@Waﬂhnt!s eR&bof e oﬁ@r%wmmé‘lﬁrtﬁéﬂﬁﬂ)ebﬂﬁcvddtﬂb@dﬂnd in
vi vo anti tunor |cac to the. a licatio onlg/one or
ot Two | nit SRATENE b inelBiioR i ChE RPAL oy o S AT gL Ee

ant i bodi es of2SEQf IDINO:D34, SEQdD NGB 3G I8EQ dBl Nén 3 6BimipSEQi EalN®Re32ar ch
Commruni cat i 50-.2865;
and o Byl RRnet f GAC Aoy e bibael uniddiS Hacofdlith (il fhverlish i€

phar macoki nétaractesizggiin cemprising jag gmamhpeid é@queacetsmf BiQ HadY®i 8,tand FQpecific
anti bygdi es g N@z 3:9 .or EVarfiints tl%r@(ﬁhqm 6fd cABddBharhiR! 63 e&@eﬁfti@ﬁdy
Communi cat i ons ée(){&m%m 51{;‘; Bi oI Chem, 30 2 (2004)

2856- 2865; A" ng El onjgghiragieeze 1@6“@?P71§mgm§rac“w89r?ﬁ&deseﬂH%nces

bi specific antibodi es according to the current invention show nodul at ed

receptor downregul ation/internalization conpared to the application of only
one or of two



- 31 - individual antibodies in conbination. Furthernore the bispecific
anti bodi es according to the current invention nay provide benefits such as
reduced cweeowvdsem frequency of adm nistration and con®ORIEP2MVI0Y678DSt
savings. The term "constant region” as used within the current applications
denotes the sum 5 of the dommins of amlanti body other than the variable
region. The constant region is not involved directly in binding of an
antigen, but exhibits various effector functions. Depending on the am no
aci d sequeno£SBQ IDh¥Oc 3R sandrREQ dQiNM: 3 ort Vaeiantstibereyf. dhancmembaditriebbtiees ar e

Ty e ur BOpede AR orbBD o BE IR AR ROKSH Bl "0
| gA, | gA 1@ 4cgdxzequmees SRR HANG: 4986 SFQ 1@8{@@ ehygriaptsrtherepbnd t o

the differep @dea%%ﬂ)%dﬁﬁerﬁntﬂeb%p%&ﬁ@r @nl@lﬁidlyEQC&ﬁdm t&, thé, iefltidn - i
The.light chain constant re i ons e found in all

respectivel

five aht i botlpresiaasddn spREIEds aming RefsA9ueaRer 'Q §E9ﬁ§&a§% Sk SHGh
colnst ant r gyiNO: 4Besr mﬂnn‘srtberedmﬂﬂhtase(m#gb Iamdés%gmtﬁﬁéhf are bﬁk&l (Swltliieelliégvy15 f
appl i cati on _denote n t i nr.egio a_human .anti bo

t he subcl asgﬁjaf ek Sti]%&égl fnségsﬁw% g 5951 %éatl%ﬁ?n %ﬂ?m&?ﬁl kappa
or | anbda réQQOHD NSudn (d@m\sitdaﬁwmﬁleglaorzsd&E@RB@HCRIéa))amﬁrsnamtignsbladxegof t he
art and e.gg dltéiﬁﬁafngtte%dm Kabdh: théihe%wy cﬁéﬁevaﬁaglxd&%n&ﬁfse@@wb@ . T.T.,

Nucl ei ¢ Aci 214-
Acad. 10scj . @Jshthﬁzhglwlae)l ‘@vleele d%@l@ﬁ?@@%%ﬁ N 25¢(erpxadaomithg hemag G4

subcl ass shewi-IGHURE dnfibodier RGP 1 RFRMAR) Cloh8 dingDSANtAbedd %Pfaso'[ her
| gG subcl asses how st.r.o g bi ngg@% Hﬂgg & Pro238, Asp265, Asp270, Asn297
(T oss of FcS¥8P Bﬂ&%ﬁn ‘élgﬁ’r% 8809521 eu235, GLy23s, Gly237 |1 €253,
Ser 254, Lys288, Thr307, GLn311, Asn434, and Hi s435 are residues which, if
al tered, prhvomkeemb@bmleetmmemsﬁcmﬁemmody ibirnalengugitpiea. emak baskd pn 25 et

(1055), 115- 114 Ry oo SR gt il o i o 1€beaiat B8R i 5o
434) .15 n onlGEriBod@ r«r@mh emyaimoneé—“dsserrae@émong%ﬁ@vx ehain a\seFal GAgmeart ia

reduced Fc Rﬁﬁb@d&m mmaﬁgi biRisap tﬁeg&iaela@ft theady afphtdrd QMBS REFIIR, C
bi val ent (fullri ])‘ par ent ]antfltl y is in regard to FcR_bindin gIL |l g4
subcl ass or "G 0 ReiftItedgolosy, wF 19FSerivask 48 dR i R- SAPRL 1934,

L235 and/ or 0QEE9N9 artd/e g)lfom Baged dnheﬁﬂ’l\ﬂ%ﬂ@@x antibaty @pemﬁdfhll@rlﬁn&lﬁ@&dl ment
the nmutations. i nNOS fu n ar.ent anti body
are S228P, E'ﬁ%ﬂgt %ACCCE I!—_gd&ﬁ}j VIGE\%S }“r?ha% e -y B ng?tn °t he

mut at30ons i heavwe:hmrmYHem YHeCHil \feiigerent (ahdlat theemgstrf(; tgyanimsstofahe sdxod¢g are in

| g4 S228P %ﬁ‘éﬁt - he r ns
sgown in SE%MBI %Q%Eﬁ%%@da ne gqg?éﬁdgﬁtmcph%\éégggﬁ%%%&ﬁetgg?g - 32 -
=)

chai n regi ofthgt afhthenbwe siseeptprsc BSiRRal aindGE 1R, | incldgnien knghy enntoahielepody i s
of StEQ { Dhl\@chri’cﬂ(ﬁgy,tab dedtridled efrgs tldﬁaﬁﬂApﬁlnNoL(mf A1L0Y. T W}Qﬁ@l(%ﬁolﬂllibeéﬁﬂ'; t he
constant he ain Qn o e, NONo iC

parent anti %8%?/5?%3' ag §%@t joBS Npgreol S\ﬁftaﬁggﬁ@‘fig‘fvﬁﬁr# ézngﬁte"\ f‘:l n%l(ﬁgg)%s
enbodiSment 6he62hNBi@6/027ght, Merchhati A.Megi aln Nﬁtutdletmms;@({wgS)%?di-val ent

full | t t b d T f
n-ant1 bogy Cb SRR, s7 3t HESCKdI SR RY ﬁ@@@?&%ﬁ“ BE SONPOL PR ot e
cyt ot oxi ci thQEhme(nD@hQ dumﬂcéifentiwd@pem@ Od)CﬁCG@rdmg:lt@ yhhe Quepliendst
activation &Meﬁz%duﬂlcbh@heﬁ& by AiRgiata se&u&egpbegs D 1’14@) f@CP@g fha to

t he const ant regl on, of nost G ant i bo %Ssubc asses. B| ndi n to an
anti body i sN&ad e%Pdo§/EQépIﬂQd HPbYEIAtiheteaf-in ione embedinng ﬂmblmﬁglfsc@ cal | ed

bi ndi3ug sit givafene Antbedt atdordi@gi t8Nthbi iRUEM@nSist ﬁﬁmﬁi@uﬂéﬂqﬁﬂcddﬁbﬁ %E ate of

2555- 2560, BRI oRcts ghiEELTNo: J7ysEain R0y asind SR N6745 ooy 017

Burton D Ryvariaats thkBSecd] Theddatommo 288 (&P8H)es 388- Batdd o‘ﬁqoﬂreeheavy Jhdin, et

?64’ ( 2000) ! g&f&%ﬁ’éﬁ%ﬁinﬂé %hﬂg%{éog%dl tﬂé'i%ﬂ{ aTa“E?’E“?bi%gi@a’fSl% ﬂfgﬂgnm
Nbrgan, A, RNGyI0 (dew%apagbuxasrn@q@g@wmce@ asghigt gpigendonding site Such
constzmnt I einginghb m}m afll bAIh@h&avy&h8in,vasilsle ohRIdsZTE HY 1H MO, RAd aci ds

L291, 1255, 400 (ASS e  apaii ik S TAN QLT e e R,

cytotoxicity (ADCC)" refers to IyS|s of human target cells by an anti body
according to the invention in the presence of effector cells. ADCCis
nmeasured preferably by the treatnent of a preparation of |G- 1R and EGFR
expressing cells with an anti body according to the invention in



25 the presence of effector cells such as freshly isolated PBMC or purified
effector cells frombuffy coats, |ike nonocytes or natural killer (NK

cel |l s or woperowamamt |y growi ng NK cell line. The term " ®omppreeneade’dependent
cytotoxicity (CDC)" denotes a process initiated by binding of conpl enent
factor C1 q to the Fc part of nost |1g@2ntibody 30 subclasses. Binding of
Clqg to an anti body is caused by defined protein-protein interactions at the

so called binding site. Such Fc part binding sites are known in the state
of the art [GEdRahaibeyiesSUcit-H>gaYMAB rfdiong 18i MM aACC 2587)) achenoadt er i zed

by the am NOntdeh &igsdite biddme tH46R. 1 RN297, E318, K320, K322, P331, and P329
(nunberi ng a%corgﬁn gleEh ex of Kabat). Antibodies of subcI ass | gd ,

| g&, 35and_|gG3 usual |y show conpl ement _activation includin g and C3
bi ndi ng, -Im¥ne grepdinient sed buwscifigr antihadyaise tetrraleninysinge m@@%taém and
does not bi gekckbdd de.g ndhorwﬁiizoomhhs'madbatwb@t)(bﬁmwsﬂurts‘rtl 01518 abp

nonocl onal t be .enhanc by.. engi cchari de
conporent a &?@@?é@e%%i%ﬂ lepghtpnt OEYQ I}ﬁéﬂg f P‘? {‘]gﬁ"e B’[c P?%’ % §
(1999) 176- F8fmemtn BirldthgtoGhe pth8dantigghrd ﬁqsed)e(s&el dgdixampldéshieon)st ComTDnl y
used therapeutic antibodies, are glycoproteins that have a conserved

N-1'i nked gl i i 5%%]% ‘5,;1'1_& two conpl ex
bi ant ennar ergﬁé%%@%dca‘gnﬂgﬁ%?dﬁE tac %élbbaygggﬁ rtcejaq'buropseltsj{yggt ween the CH2
domains, form ng)cextenm ve contacts with the pol ypegtl de backbone, . and
their 10 preseAb@Mmogosssidisthivalentantibedy eomprisieg Said fipg antigen-ndisgsife
functions such aﬁda@ﬂsﬁd@@ ybfd%eﬁdma Gight Uhafs 6xd eV %hebddy KAWEChainki fely,
MR, et al., %%OG?% C\ﬂ%%/ (g 5?5 8131_’\%52 Jefferis, R, et al., Imunol.
Rev. Y63 (1998)° RgIng oy ong arighls JUB3iM s || Trends Bi ot echnol .
15 (1997) 26-32). Umana, P., et al. Nature Bi otechnol 17 (1999) 176-180

and WO 99/ 54342b)5hm/\pﬂ1btiﬂh—éjmkmseamkpressi on in 15 Chinese hanster ovary
(CHO cells of 13(1,4)-Nacetylglucosam nyltransferase Il ("GTIII"), a

gl ycosyl transf eppge, Iﬁéﬁ&}al%'t Hﬂmblﬁlf‘ecfﬁ%r%b Qﬂalf?fantl%cﬁﬁést %ngtﬂe%gﬁacchar I des,

5|gn|f|cantly|ncreasest In.v activity of anti I es
Al terations in f1980 ﬁﬁémal? ehpinF v} spanprisnmsaid seeppf gefigeneipding site,

ﬁl{a It m natB I 0{1 aL f efdh cahsistidy GCH Rgh ttcﬁalﬁ%égal@l@@oﬁaﬂn qt{ethaaﬁm Panabeé ?I .
ur I ot ecnn | ol.ecnno
Bi oen@. 74 (200%‘“2’8‘83‘%%%‘ %ﬁ‘ﬁﬁ?‘ﬁm ‘V‘kef g?twéfm Sa‘é hgéﬁ e vl ‘g’f%at‘zom)

45539- 45547; Raaabsaid Beavyehaml variable ddnelin; Chem 276 (2001) 16478-16483;
Shields, RL., et al., J. Biol. Chem 276 (2001) 6591-6604; Shields, R L.,
et al., J. Bi O| Chem 277 (2002) 26733-26740;, Simmons, L.C., et al., J.
| mmunol . Met hodwhewi faibeinglexhainannipodips (veideie chaia Avharsdinked to thedi at ed

ef fector functi ofge féfmfﬂﬁ%@hfé'}ﬂ&ncﬁgéélﬁéﬁh@ﬁen@ﬁﬁlt{o@?@nrghﬁéluaﬁas%r thé) VO
2005/.044859, WO 2004/ 065540, . \W2007/ 031875, Umana

P., et . Nat ur eBRHOSY BERYY PRins1999) 176- 180, WD 99/ 154342, WO 2005/ 018572,
VO 2006/ 116260 WO 2006/ 114700, WO 2004/ 065540,
In another embodiment said bispecific antibody is tetravalent, and consists of

a) a monospecific bivalent antibody comprising said second antigen-binding
site and consisting of two antibody light chains and two antibody heavy

chains each chain comprising only one variable domain,
25 b) two peptide-linkers, and

¢) two monovalent monospecific single chain antibodies (monospecific
monovalent single chain Fv) comprising said first antigen-binding site, each
consisting of a light chain variable domain, a heavy chain variable domain,
and an single-chain-linker between said light chain variable domain and said

30 heavy chain variable domain;



WO 2005/ 011735, WD 2005/027966, WO 1997/028267, US 2006/ 0134709, 30US
2005/ 0054048, US 2005/ 0152894, WD 2003/ 035835 and WD 2000/ 061739 or e.g. in
Ni wa, R ,WOR0HV03444). | nmunol . Met hods 306 (2005) 151- 16@CTERR200RANTS2 T. , et
al, J Biol Chem 278 (2003) 3466-3473; WD 03/055993 and US2005/0249722.
Therefore in one enbodi ment of the investion, the bispecific antibody is

gl ycosylated (if it conprises an Fc part of IgG 1, 1g&, 1gG3 or 1gA
subcl ass, 35preferably of 1gGl or I gG subclass) with a sugar chain at
Asn297 wher eby wherein saddisinglarchaimtantibodies eid smigléchais &ivilarsugded ththen i s 65%
or |ower (Nunbeg] i . r{ged} is the
anount of fucosEedn\.r}]\,iegtteﬂ-lﬁﬁﬁéglic ‘Sr%%}idéﬁ%ﬁg%%w}a%nggﬁﬁgggl%%%ﬁ 65‘t3t/¥;lé preferably
bet ween 20% andauiwdy heavydpmsaccor ding to the invention neans amino acid
asparagi ne | ocated at about position 297 in the Fc 5 region. Based on

M nor  sequep£gnolidiefiboditger®kaia bidpeSific @atibAB e YefravaRng i@ chigidiosat ed sone
am no acids (usually not nore than +3 am no acids) upstream or downstream

of position 29 i.e. b en posi.tion,294 and 300..1n one enmbodi.nent the
ol yoosyl at e i by AEERERERT S fi Arlafiiedine nie PubtGuBinaol . of
human | gGl satbodgdsavyothamsrad twg@htibedyclighd shaing;lantdhe nut ati ons L234A and
L235A or 10 of 1gG&3 subclass. In a further enbodi nent the anount of

N- gl ycol yl neuraRi .o a¢i G | L ar ot ARV Q-

N-t er m nal ?fﬁﬁ'g‘@b -l%glsg%él%lse |5F§b(}/§@ogr?ﬁﬁn£§§§%%?%{n %%??esuga?hté%gi n. The
sugar chai nblslﬁmﬂsﬂiﬁef erably the characteristics of N-|inked glycans
attached to Asn297 of an antibody reconbinantly expressed in a CHO cell.
15The t Sr m " tAgexhat%galgai@ I@ﬁligfbsc;l’félhg%lﬁl hagﬂ&gme ruinaiéﬂ' E)Sareffud‘édhic)i riddulll lynans .
attached to n 0 n anti body. reconbi nan expr,essed in cel "
denotie hat t RTRedyanagi v o pentid 3G ne o nd T AR RRRyio o5 s

bi speci fi ¢ ant bblight chaio@fdaiddull dengtlearitibednt i on has the same structure and
sugar residue sequence except for the fucose residue as those of the sane

anti body exp g33ed ehdbol PR kil B pEHRc GRlibSdy i€ ¥raFalet ahMeSRidtEperted in WO
2006/ 103100. The term "NGNA" as Ssed w t hi r?'thl s application denotes the

sugar residue | ycol yl neuram ni ¢ acid, dycosylation of humpn 1gGlL or 1gG3
occurs at Aé)"@gg] Isngth gpubedyceounnmisingssan] saopach ARIgENIRGING Site, PRGEANSISERE! i de

gl ycosyl at i enviEdrtiboay @eawyi dhind@nd owd whatitcaly lighbcli#ad; di@s. Human const ant
heavy chain regions of the 1gGl or 1gG3 subclass are reported in detail by

o, - Fibl 1 o poBre Reapd M KRR o TR ofhori P A4 RAE Suiaolhlil o'

(1991), andsiy Briiggemann, M, et al., J. Exp. Med. 166 (1987) 1351-1361;
Love, T.W, et al., Mthods Enzynol. 178 (1989) 515-527. These structures

are 30 desi gngherlifSai®PSIngfelcHat Eald frahefts hinded b) K6 Eaédab ¥aRANulIaghgNES,
depending fromt E@garﬁ% nt _of ter mvg resid Bi opr ocess

al Gal es (Raju, T.S.,
Int. 1 (2003) A )W PEHAC SOPNERQTH thet aﬂl‘%@&%l@é%&}eﬂ?aw e.g.
descri bed by Reuligirchaib.dflsaid @l tengenantipatde. J. 14 (1997) 201-207. Anti bodies
whi ch are reconbinantly expressed in non-glyconodi fied CHO host cells

usual ﬂOy ar ePIeltlgrggl | S%(F glelglteocﬁ’lsapﬁ %Zb %glg;ﬁlgﬁl{g @ggxlu gi} af)ef fildld ltoe St f%ﬁ %éng-me

nmodi fied ol I gosacchari The con _
antibody under a) via a peptide connector at the C-terminus of the heavy or

light chain of said full length antibody.

In one embodiment two identical single chain Fab fragments binding to a second
antigen are fused to said full length antibody via a peptide connector at the
25 C-terminus of each heavy or light chain of said full length antibody.

In one embodiment two identical single chain Fab fragments binding to a second
antigen are fused to said full length antibody via a peptide connector at the

C-terminus of each heavy chain of said full length antibody.



- 35 - of the bispecific antibody according to the invention may be hybrid
or conplex. Preferably the bisected, reduced/not-fucosyl ated

ol i gosacomanitds4ene hybrid. In another enbodi nent, thePBirg®eand9c7s2
reduced/ not -fucosyl at ed ol i gosacchari des are conpl ex. 5According to the

i nvention "anmount of fucose" neans theanmount of said  sugar within the
sugar chain at Asn297, related to the sumof all glycostructures attached
to Asn297 (e.g. conplex, hybrid and hi gh nannose structures) neasured by
MALDI - TOF nhsenes pmbodioreat fwo Mticdlstmglathdna"ﬁbdb@rm binding, toThsecosl at | ve

anmount of f | r f a r Lel ated
to all %%gs%xguﬁu? (gdr g(g sﬁg{;tﬁﬂgqe;g%h &ﬁ‘ﬁBé&N@@“a Bé;itgﬁs r{glé'(t&trogf? e sanpl e
(e.g. corrpl xterfhlybﬁipﬂe?&hdllgbt@@@Oﬁwmlldﬁnﬁhﬁﬁbh@}’structures resp.) by
MALDI - TOF. For all bispecific antibodies according to the invention, "GE"
nmeans gl yCORNGl fgeie@dembodifiRat fseidt A@favaRRe Gispetifichentibbd§nwhith HAS the

bi specific ?nqul body according to the 15 invention is an antibody w th ADCC
and/ or cDC, ooy pgchanadtefifticSing region of 1gGL or 1gG3 (preferably IgGl)
subcl ass from human origin which does bind Fcy receptor and/ or conpl enent
factor C 1 gitisSumiiseing afiti body whi ch does bind Fc receptor and/or
conplenent factor C 1 q does elicit antibody-dependent cellular

Cyt ot oxi of ¥ AOE0sBRG O AR EPER 1P RERHE YA BN of (R 20The

anti body acc ing t e 1 nventlon |s produ nt neans. Thus,
one aspect of thiengilr artiody Reaty i dainssangd e (fall de%hdﬂnélh@@ﬁdllw@t tchaingnt i body
accordi ng to thewh&¢Bpthd@ichafitis @ompritglonBSRRGlariabledioaflin, conprising said
nucl eic acid encodi ng an anti body accordlng to the invention. Methods for
recorﬁ nant F)r oduct i an 21[(6 widely known in the state of the art and
conpri’se protk REPHAEULKTS 25 in prokaryotic and eukaryotic cells with
subsequent i sol atl on of the antibody and usually purification to a
phar maceut i cel Ityvoaauestab¢iﬁCpunn¢nwaleﬁbrsingie ckapneswiibodied (rhenaspedifodi es as
af orenenti oned ip , (o =Y i ¥

nodi fied |ight angﬁﬁv eavy C %r?gggrﬂéﬂl %gg?dogg) éﬁg#gggﬁngggﬁloﬁév c{:}%a\rﬁg
st andard met hodsVari2Rlsr dampign apsaniibedylighl chainayasiablsr flemaing apd & sivglec or

eulkiar yogog BPl hgtfin- gﬁkéerdﬂivF@l 60 bbby hééw clqﬁlnl 6??£P869%1§§1Lm sdt*lEL( 393
cells cells Qr coli cells, an e antibody is
recovered from tﬂEbSQV%ht(‘g}lﬁ‘ﬂbYaréggcﬁo%armeel |s after lysis). Ceneral

nmet hods for reconbi nant production of antibodies are well-known in the

stat e of t heamlrefenablyead singbdchaimanttodiepl(®id singlelvhaindivi) eane inkeédtoahe of

Mal crides, S.C., 9 36 -
S et L, rot SO hSEL anf o) Ob M hohdiaie btk Gribog
Bi ot echnol . 16 (®EP) ch@ns 1<80 alwmah@ply o Ghe =gy tReRinus g(prafosdly ghe- 880.

The bi specific a@hb&‘ﬂﬁh@%faﬂh@ rﬁéﬂ&sﬁ«%ﬁc %%?én@faﬁébéd)pﬁgﬁt%aﬁw BMI gdredi um by
conventional i mmn?eé%tgyul in purificati on procedur es ?s}yo as, for exanple,

protén 5 A Sepbi& 9y am AP NS Ccrﬁr@n%ht@amaﬁ the mhonospecific

el ectrophor esi s, biglalghy#itiod phedfyfdhainky chr omat ogr aphy. DNA and RNA encodi ng
t he nonocl onal antibodies is readily isolated and sequenced using

conventi ona ed e er [.C f such
DNA and RNAJTh%"ég'% é%ﬂ%%e 11}&@1{ Xsb Bk%"%hﬁb It}{e 1nqz%£'tt1(§n dgl??tgssei}b Qld \Slt]?
vectors, \Amranaacedtmnertcmnwh@btledpmfmblmsft syndietis engih. abeselpemac 293
cells, CHO gRldrs achdifly 8 GiFentibh labe LORL todfni e cﬂﬁ*é{f‘e%Waﬁ n%&rmq&ﬁl sites

[ m‘runogl obulin protein, to obtain the synthesis reconbi nant nocl onal
anti B3di es #K/ennmtibedy fragnenss e)aeﬁwlya‘@mprgsgwéﬁééfqrﬁ%tuaaﬁg@ Pding pitght s) of

the bi speci e g: s&rgu: oAt F:vr efunrlerigah %ﬂtlbb’dlbd’ltal’ Vﬂluﬁblﬂﬁnadiﬂl’&pi I\/HI ﬁoﬁiﬁih' eoti de
changes int cI e i de..synt h eS|

i
ek A S T A T
as descri behhvadttameThé?peptaiealmmdees carheomprsef omabdr onse ob tinofolkiwtieg ahtiro above

ment | Onedbﬁbﬂd Qé’cﬂﬁén&é%a}fsi’éatﬁrfa%ﬁé s el saﬁrtfmé} %@r@n?ﬁ?&l uﬁ?ﬂloas[&dsge”

bi ndi ng, may’ | Nprove t reco Ion, protein
st abi¥0i ty obaif @eptida-hpkers pee Eﬁmtldﬁﬁ W&thl a@nammg?ﬁ@i $FqupRaE] Wit]@ adength ofiats

bi ndi ng to B afifho! 4idsl Bre&aplyb g 1648t 1 D nlifY 88HY, Hore preferably with a
length between 10 and 50 amino acids. Preferably said peptide-linkers under b) are



downregul ate EGFR | n one enbodi nent, the downregul ation of EGFR is at

| east about 30% in another enbodi nent at |east about 35% and in still

anot her aNbadiovBmt4lat | east about 40% in A549 cells. ThECHIEPR@OI0HG782

anti bodi es binding to EGFR and | G-- 1R according to the invention 25

downregul ate | GF-1R | n one enbodi nent-,25t-he downregul ati on of | GF-1R by the

bi specific Cross-Mab (VHNL) or Cross-Mab (CH CL) is at nost about 15% in

anot her enbodi ment at nost about 20% and in still another enbodi nent at

| east nost Aétdies withZ@Mmimbl &id s¢quédde. wih Rrletgth of it JeastTHe amaronacidodt cel |

as used in [ 304 system
Bxﬁ‘eeerﬁts%c{t&@ﬁtdﬁp&ﬁé el 19ﬁte9{t%hg&§2n @gﬁ{ C?v( y}éég{l:%r n néttx?er (x y

whi ch can be engl neere ate gto the current

i nvention. & &, dnbedPhen{x HEI@@SI-C%Q 4 o3 prafsrelly|xs= # andused A3, host

cells. As ugRe PRGNy Wil xeXpE}eﬁg' N3G, 99 ITo’ sauf’@dﬂ(Sjn' ﬁtﬁ‘)tldeﬂi?ﬂier 51%'
cul ture" are sed |nte chan geadcf d al] ‘such e5|gnat|ons i ncl ude

progerty. Thiddiienad Gp g §mes af8f SPn8hESC-and "transformed cells"

i ncl ude the primary subject cell and cultures derived therefrom w thout

regard for trhetdmrﬂsargle;éhmmankéleras .uséd withinaths anwencer slt:mteb 4 peptidd Withr ogeny

may not be preci n |i berate or

i nadvert ent er’%urto "tc:?(i)%%qug&aﬁs’i g’ﬁtdl i 8re eraﬁ]Srhat glgggt% nsamfa:S Smglte |c(1)l§mor

5bi ol ogi cal linker$ wécoyding t@@m@ened afe)usqdrtOtlhéc aMHyandia| YL tdoarasf &y feth ael | are

i ncI uded. NpNFQ et
Oyt ot ecﬁ%]gfcc?)’hﬁn%‘}z 2006'?1%'I the Sh‘% S%%a?ﬁagﬁqm% pided ) lﬁgbgﬁfd& peii

B| oend. 73 ppewino %qsmncerwathsq l@ﬁgthe&fpaftéeest o ai@“?ié%‘é?ﬂ Bare prgfergdly. |

Durocher, Ywithed leblgth ofNdE leastA,c_a) @$nindRQSids 3ﬁ1 5% eABBdinentsaidi ﬂﬁgl@fch}iﬁhtl abl e
dormains is SCF.i ci . USA

by et Pr
56 (1039) BT IBEPSRIALE Bvcins, 57 Serfh; T Riind Fadogor 810 (0T g
(1992) 4285artPi®9;3, drat Sho prederablyg with. x = e4, nad 4,orJ5 nhorapneferabyewhtb ots= 2104
(1997) 77-8f. A preferred transient expression system (HEK 293) is
descri bed by Schl aeger, E.-J. and Chri stensen K., in Cytotechnol ogy 30
(19991) 71-83 and by Schl aeg}g‘@% ., In J. Imunol. Methods 194 1996)
191- 199. 15hwéhermate sid siag Stftﬁi? chgie Fyhatltatmd@swée ppfeneblydisdéde f or
ex grml e, ;3 nétgbiﬂ@e@ stmao FRiHRF dlsa{ﬂdeqwmz\éuaﬂ 3 mg@t&amse?uls@le@ls aemévtad
ri bosone bindi,ng site ot.i are kno ilize om) ers,
Chancer s aRatBonyatEpRd Rotioungngiad Baiieg i Yatsbedtrading SE BB koo
when it is atam:eﬂ]bddms dhdnic tieseriabd egliatWoresti029380 Rajagaiahev ., suagll,diret. aci d
sequence. X r ugne r et ory o- er is
seauence: | FBhf AP 1455 58, RUGHASH AL s B EL B Y B85
pr e- P0ot ei n2} 6&98))%1 B23; pmtsebmndt Ml,eetgbdﬂettqg@ne o8 (¥998) pol ygdépti de; a
pronoter or enhancer is operably linked to a coding sequence if it affects

the transcrIrpbherbn%dtrheuseﬂwe%mme etabﬂtae@%tﬂgt@ldﬁQinnetﬁgle €Hathn w;r ably

Ilnkedtoac di_n eq i S position 0 as t acj
transl ati onant ﬁléfg’at fﬂs"ﬂggérbgﬂfifq‘i"?ﬂ?e EL.S’ ‘? auns 9 t{“l‘téméi\"rAaH%‘/’éﬁuences
being i nkeahtauroeleeaﬂmpgnswm thenghtiboby tabéordiageaoahe tnveatioeiomdepaaidany

cont i guous ?n%ﬁ‘lf(hn%frl %c@g{rir%?r@s e‘e‘%‘{%\ﬁfl genhancers do not have to be

conti guous. ation at convenient restriction
sites. If such sites do not exi st, the synthetic oligonucleotide adaptors
or |idskers are Uskedvyrehaincyartidie dompinhpasiivnedd it fight phaiwe tvianable 3maimnt i body
according to the 3&%&&%”@@ with a reduced anount of fucose can be expressed
in a glyconodified host cell engi neered to express at Ieast one nucleic
acid encoding a eptide h GhTl ] actjvity an pepti de havi ng
Manl | activity rlﬁgs%})ya uhtarta% a%ragwrzﬂsgwgcléérta.lfﬁaﬁtc aip é‘”?%\‘?éﬁ’é‘?% t he

ol i gosacchari des ipositioa 48¢or €egi on. | n one enbodi nent, the pol ypepti de
having - 38 - GTIII activity is a fusion polypeptide Alternatively

a16fucosyltra f L t e

el i m nat ed accor |h%gﬁgh%§t\’é?%@é dgé? ?goﬁgoﬁlelr@t é" 3@8%&%?@‘%?%1‘ cells.
The &f%unt of antipsstienfl@@osyl ati on can be predetermned e.g. either by
fermentation conditions or by conbination of at |east

In one embodiment the disulfide bond between the variable domains of the single

chain antibodies comprised in the antibody according to the invention is between



5two anti bodies with different fucosylation ambunt. The anti body according
to the invention with a reduced anmobunt of fucose can be produced in a host
cell by awvoedtmd4aonpri sing: (a) culturing a host cell @QFiRPR@VBHO7TBD
express at |east one pol ynucl eoti de encoding a fusion pol ypepti de havi ng
GnTIll activity and/or Manll activity “pgder conditions which permt the
production of said 10 anti body and which permt fucosylation of the

ol i gosacchari des present on the Fe region of said anti body in an anount
accor di ng t beaviyechamveartabtendomaaid pobsitiongid adi lnght shaid amiableotbymain positien

embodi ment , 1 bR BRI diSLifd bbidd BEdcth tile aridbid WBhsRAlwpept | de,
preferably conprising the catalytic domain of ?I, and the ol gi

| ocal i zat i ofin@i§nehain antibpdigs: eqmprasgd g the | agtibedis perording dpyihe paydiosds ect ed
15 from t hebgiveel heAysdhain Vdiable ddhaih Pedtibg 205 and HgmednairofarB ®shdase |1,
t he | %cal i zati.on gfmal n of 13(1, 2)-N-acetyl glucosam nyltransferase |
("enTP'), tR¥®WYREi zati on domain of marnosidase |, the localization domain
of 13(1,2)-Nacetyl glucosam nyltransferase Il ("GrTlII1"), and the

| ocal i zat i olm doerembodiment Isafil simgke Ehatiogyihgleacthmire Fay eantibvdiée mathbyt, sdihe Gol gi

| ocal i zatio 0 661 f . ' ] - erewn, a
"pol ypept i dépt avil r‘% ugﬁfjﬁ {t?&ﬂé%zﬁ@m%é%&g\édr{agfep%%g%ti @g?}l}gtd’fgbg abl e
t o cat al yzesingle chaiaianfibpdyofsingle ehai Ev)argprefersedn ne (GlcNAc) residue in
13-1,4 linkage to the B-1 inked mannosi de of the trimannosyl core of

N-1inked ol ipparhePambs@ment thie bidpR&ilid A8EbId4SE RarR@k ALY des exhi biting
enzymatic activity 25 simlar to, but not necessarily identical to, an

activjty of 13-1, 4- etyl gl.ucosam transferase 111 S0 known.

o 1 Manno 5 BpipeEERgthetites 258 P ioinBl P duenis, A Brmardnidl (ec
2.4.1.144) , cleic vambbigdomaink ef Nemaowdsateifie bGahanit parest aftibblde ahdbethnzhd onal
Uni on of BI 1 . d Mol ecul ar Biology (NC-1UBMB), as neasured in a
parti cul ar @ﬁgﬁ%@%gﬁlt@&ay, 30 with or without dose dependency. In the
case where dose dependency does exist, it need not be identical to that of
GnTl 11, but- thetadditiongh §ve antigan pinding;sitgy ateqeach dodpeskby) dhvehetiicdadilighy gi ven

activity ascimmpaimie deniin®f6Ad kingle(dha® antiBedygandi dat e pol ypeptide wil |
exhibit greater activity or not nore than about 25-fold | ess and,

preferably, not .nore.than abqut tenfql e activit and st preferably,
o riore. st Aons DG it pu R irF Sadh HokedTa §5¢ iy, helt or dpanelleit ) ° a2
used her ei n¢hatimeiatagraptide-liBRer; wh&ebyieadhoardibodyathan tatonmisns linkdédesdy twa t he

am no acid ) . | gi resident polypeptide which is responsible
for anchoriﬁggtgﬁgglgo %@d tide in location within the Gol gi conpl ex.

General ly, |ocalization domains conprise amno termnal "tails" of an
enzyme. SFoln & fither erabedimsnt sid totvay deet bispesificantibedy dvchancterinedrn thath with a
reduce anougiid afonbsisRER biviiend @il %ﬂgﬂ;%tanﬁ%d_?:f}thde‘i 3 BiRIsad EcFwhLpgered to
al l ow the production of. an anti boq. wi t.h gocﬁ |]§dggl ycgf or.ns, éan g(ﬁ used.
Such & host SALIO FERMOYAIERT MAnpTREFITitatingl chpid prtifodicy uader Oipddadbrr evel s
of one or nbRe pol ypeptides having GhTIIl activity. CHO cells are preferred
as such host cells. Likewise cells 10 producing antibody conpositions with
i ncreased %13&1 . i O , Purifieati I: Les is
performed in or er t i@xﬁ% 1ﬁ%nfn%€%@g@rﬁé@ﬁ%gﬁﬂgﬁgﬁ%@%a{é{%cfé?rﬁ%gﬁ g‘m nants,
e.g. other ¥ menaspeificitivalenidflblengthp prsihaidy partpder ArtdedsdotlGEhR qués,

i ncl udi ng adtvdRlbonbialéd RSB cifi CHikdle RANHIaAEbodi&d WHHRr c)l5ing % BEEROTr aphy,

agarose gel electrophoresis, and others well known in the art. See Ausubel,

F., al ., ed. rrent .Protocols in | ecul ar. Bi.ol ogy, eene Publi shing
b W1 oy 1 HRSGENIT GB i BRt S e GO0 PR PR OO0 GooRE p
est abl i shedtoahe iniedgapbiadihgits BGHR and FGF-a Ry wherdil bnabdf the Amsigehs Asord finity

chr omat ogr aph it 1. ChLobi al i . rotein A.or praotein

ity crPoRgt Rodulle iobGer B I6EAEthe nBURe & Bpdeantn AL RGP heth o1
exchange ( cantibody pinding torAugiges)A, tamihach tasocloptigrallyahsulfide stailizedsingly and

m xed- node i ndib tibasRA j : WLk - et hanol
and o herSHTT GaadapdighERAELE BGS R ¥ (- dhepliul Rak R ERDARLET

chr ot ogr aiprhe fehemes of Figupsdmnd Sephar ose, aza-arenophilic resins, or

m am nophenyl boroni c acid), netal chelate affinity chromatography (e.g. 25
with N (I1)h asdoidietrayal edtfembiodymenn] te itetavalesi, bispedifit uaiisudycdongraeogr aphy,
and el ectrophoretical nmethods (such as gel electrophoresis, capillary

el ectrophoresis) (Vijayal akshm, M, A, Appl. Biochem Biotech. 75 (1998)
93-102). One aspect of the invention is a pharnmaceutical conposition
conprising an anti body according to the invention. Another aspect of the
invention is the use of 30 an antibody according to the invention for the
manuf acture of a pharmaceutical conposition. A further aspect of the

o, 1 o Y T . L T



35together wwth a pharmaceutical carrier. - 40 - It has surprisingly been
found that the bispecific antibodi es agai nst EGFR and agai nst | G- 1R
accor di ngvbaotoms444mvent i on has i nproved anti - proliferat PCE/EFR@OONETBES

agai nst cancer cells when conpared to the nonospecific parent anti EGFR
anti bodi es and anti-1 G- 1R anti bodi es -@7 conpared to the bispecific 5
anti bodi es agai nst EGFR and agai nst | GF- 1R known from Lu, D., et al.,

Bi ochem cal and Bi ophysi cal Research Communi cations 318 (2004) 507-513; J.
Bi ol . Chem @) 27dll (angtu antigely-spggficaliynbindingBiootaidCfisstnantigmn (q2e0H)the 9665- 72

(as these bi L [ i Sh : fi ki cells
whi ch expr eg@%g@gg@ %LqRéggr;Rgzsaarngge O%S(S)ﬁ{ﬁﬁ%voigﬂu%?ﬁgoﬁgnﬁeg?ﬂéﬁgﬂﬁ éggg‘%?i ve

parent ant i BYihod¥)ight ghinss Aed  aspect of the invention is said

pharmaceutical conposition for the treatnent of cancer. Another aspect of
the inventibntwes iddigicuissingle eairmFab eahyneneL spedifitglly bihdifgitoward sevdndior t he
manuf acture_qf a di.ca t for the t ne f,.cancer. Anot her aspect
of thg)ci nve?fﬁf%’ﬁ ({Ege Ortr}érﬁggleot otarntélgrﬁselfﬁﬁgforggrﬁ&t suffering from 15cancer
by admi nistering an antibody according to the invention to a patient in the
need of such twasteiresaid siagleucdhaeh Hab &iagments naderdr)eare ifiesed to saidi folllength| udes

any and al | Sobyeds underSHSish g@pt{g’e@oﬂnec‘%&aﬁg}fkga oAt {eﬁﬂﬁ{u‘éroigﬂ{(f lﬁ%gy i ke

antifungal agents, fsotonic and absorptian i ng agents,

that are physi of bgitchpinpf saighfull length antibedyr abl y, the 20carrier is suitable
for intravenous, intranuscul ar, subcutaneous, parenteral, spinal or

epi der mal  athromd embediinent {veo @denkiyali g€ chain Fab frapntitOBihding ©ERRShET On of

t he present _i.nventi n be i,ni ster a varie of nethods known in
the o905 > At sk Wil iy 2Thghem ahBRechy vl o PeableledtinnlSt B0 £RG)D:

mode of adnteningtus af eauh heiavy ovhght cieiperfdaidgull pongtht deibddgi red results. To 25
adm ni ster a conpound of the invention by certain routes of adm nistration,

it may be NgLESSahYodifehPato ﬁaﬁtiegm%@@h%tﬂb_ﬂm%@ﬁ%mg%ei sefcgﬁdt he

conpound with, a material to prevent its 1nactiv ( For “exanp
conmpound madntiEEn AFifised: tor wid ¢l dengiihjaptibodynvidra aepsidspsanaeeior af theel: f or
exanpl e, |i RESOESS eavh leadhy LhNbS shd @ilRagM n€iBbdy accept abl e dil uents

i ncl ude saline and aqueous buffer 30 solutions. Pharmaceutical carriers

i nclude stefile agueous | utjons or_ dispersd and,.sterile powders for
t he (Lall%t errpogna?\%eoﬁlgg%rlglﬁgfﬁﬁ br?ng?alsstl i Fgalp ﬁajagﬁ%fe@tssﬁlflﬂﬂgotﬂsa %‘7"(’“3

di sper si on. affigen e fafedstoctaidréai dereptil anglentysvikor peitadenameectoc at the Get i ve
substances {esmi{iQWP eddh 1idhE cRih of said 4dil Tength antibody.

A “single chain Fab fragment” (see Figure 11) is a polypeptide consisting of an
antibody heavy chain variable domain (VH), an antibody constant domain 1 (CH1),
20 an antibody light chain variable domain (VL), an antibody light chain constant
domain (CL) and a linker, wherein said antibody domains and said linker have one
of the following orders in N-terminal to C-terminal direction:
a) VH-CH1-linker-VL-CL, b) VL-CL-linker-VH-CH1, ¢) VH-CL-linker-VL-CHI1
or d) VL-CH1-linker-VH-CL; and wherein said linker is a polypeptide of at least
25 30 amino acids, preferably between 32 and 50 amino acids. Said single chain Fab
fragments a) VH-CH1-linker-VL-CL, b) VL-CL-linker-VH-CH1, ¢) VH-CL-
linker-VL-CH1 and d) VL-CHIl-linker-VH-CL, are stabilized via the natural
disulfide bond between the CL domain and the CH1 domain. The term “N-
terminus” denotes the last amino acid of the N-terminus. The term “C-terminus”

30 denotes the last amino acid of the C-terminus.

In a preferred embodiment said antibody domains and said linker in said single

chain Fab fragment have one of the following orders in N-terminal to C-terminal



The phrases "parenteral adm nistration” and "adm ni stered parenterally" as
used herein neans nodes of adm nistration other than enteral and topical
adm ni st re0i2019/03¢BMal | y by injection, and includes, w tREUEPRIOF00EB2 on,

i ntravenous, intranuscular, intraarterial, intrathecal, intracapsular,
intraorbital, intracardiac, intradernal28- 5 intraperitoneal, transtracheal,
subcut aneous, subcuticular, intraarticular, subcapsular, subarachnoid,
intraspinal, epidural and intrasternal injection and infusion. The term
cancer as udeektivarein refers to proliferative diseases, such as |ynphonas,
I hocyti c It 35 ol IyT 1 QNy; (RUz21¢ greer, 10
b?/(r)rﬁchi gl oaﬁi\/?glkgir:ﬂ gg]lkfll V%E’cange\,rqf %Hgméa%%?!ﬂ’prg%%g’?ﬁ@%}igggg skin
cancer, canbgkerofHtGldl.head or neck, cutaneous or intraocul ar nel anona,
uterine cancer, ovarian cancer, rectal cancer, cancer of the anal region,

stomach Canﬁ?ﬁnotlﬂﬁ@?éﬂ:ﬁe&%&ﬂlﬁi@dimeﬁﬁéa?@axﬁﬂﬁ@? domRirRasl s@i@{]ﬁﬂ%én inshRy It ne
cancer_, carcl no 0 a I an eS,. ..carcCl hgnma .o e. enao rrum
carcr form. ofMERETRB A TasiEnt s abecH (o IO aTE ARPRA NAFPBINADHCor ¢ ho

vul va, Hodgtarmiml Girsg@mae, cancer of the esophagus, cancer of the smal

i ntestine, ef 16 € [ Syeity € heer of the thyroid gl and,
cancer of t§€O§2$%3%$%€?5ggﬂg%%??§%h§§#qgkﬁfﬁgf§g?enal gl and, sarcoma of
soft tissue, cancer of the urethra, cancer of the penis, prostate cancer,
cancer of thbe Kradmeptide sorneetost ag heedivihiaythe invignter denatesnapeptidel with

carci nons, g@aif REEBscRletdds, AR isp?}éférﬁbly 8P syRABLd hiigRITETheie ggl I ul ar
cancer, b|||ar% cancer, .neopl asns of the

. centr nervous. system (CNS),
spi nal0 axi sCRUNEPES aqsPEding (G WYPRIqn#Rg, usgd F‘bg?sﬁé oitaslnAbain %fiﬁ’nga ents
ast r ocyt omag ths ChvaNagRBinue pe thdyfatinesgth artibddyab lfesit @mmdtispeeitiowitibods,
squanous cel | carcinonmas ity tary -adenoma. and Ew.ng' s IC i nel udi ng
ot actory. teliRE IS BF e p Rrkr by g SR BERIRNGn O BaSAD AT Peptldf ' o
250r nore ofithten athimweacohinepiesce Withse langtipot at leastsS meynabeids,confeaatly
adj uvants sygh 29e ﬁ%?rsfal&'l‘(}?)??néﬁ‘r%teéﬂefwatﬁ & 50 1680 Sinfnd Q&dégﬁﬂfoﬁea“d

di spersing agents. Prevention of presence of m croorgani sns nmay be ensured
bot h 1y st efbodimenbsnidh pertike orsectaris (GXSyner (IxSYrEm With (5T @hydRe, ¥aT i ous
anti bact eri gdrin@nghdri+ YR 3l 429606 Sandf = 0eX20BE B) orR@=298A 2, 339 or 5 and

chl orobut anol , . phenol,, sorbic acid, and the,like. | so_be desirable
L6 Pl ude TEkdnzer ayatteroly £ Send [ 873 Bt mnelerbbi 1B X et | ke
into the cohpos dnmriémentrsagdatiptideoonrecolr en@a8).absor pti on of the injectable
pharmaceutical form nmay be brought about by the inclusion of agents which
del ay absor pi i S i i Py =

Regar dl ess 2Pégﬁglﬁgﬁf€§%$&% #?ﬁ?%?&g??%ﬁﬂgg?ﬁgﬁggfgﬁﬁgﬁégﬁbgﬂﬁgﬁa% t he
preset i nvesauERses, whickhisnipgfanblyoddynthetic anigimblkespyrepdesdadearding dad/ or

t hte phﬁr MBC RiybhtFGH Elir|€ QABROP! lidtkoi)ls\ll@fcﬂh&) vae@@,rB) VINEMO ‘@?rCH'I,Iec)f\Q]E{I@I'a at Ed

i nto pharnmaceuyt i ceep e e farns conventional _nethods known
to 5those of° S/{Llﬁﬁll %f 3}1&3‘3{@8 Kbgﬁ;%g[dé%éé‘énltgééi’ﬁo%‘f“gt Hiee scc‘thawelqﬂb

i ngr edi ent sfragmérte apdoadiiipee thd iDaéntivmng) OSHIGCK hdinkér-VheCIprtgsSebiCLi-tivikert | on may
be varied s o] i n, a f t cthme: L ngredient ieh is
effective tg?géﬁitlé\?gb?ﬁé&d%g #?rggﬂﬁg?a%egfi@f?gg@%rﬁ%% f(_)'rCeLa '|So%{r tli“g(u ar

pati &3t , cowibsi thecmglestaindthd fagraents né stpeptidowithvart hmino dad sgquenkéc to

10 the pat'@ﬂhangﬁh%@h@&%ﬁﬁo&&ﬁﬂggﬁhgﬁﬁ%ﬁ%ﬁh§w@?Qf%@gHQ@@Z%o%@%hﬁh& of

phar macoki neti c factors i.ncludin e activit’ _particul ar
conposi t i on&igy. Ip gae pmbedipent ﬁ%ﬁpk%ms ErpdIByEth Grnelyewgt @ =oferine, (x =3,
admi ni slt rat hem, 9bhgotahm£t), ﬁ,fﬁ%ﬂ"ﬁgﬁdﬁ &t 9and h!&e6,r’ﬁ$)ﬁ8ﬁf1d%<£0,et,i Dér B, L he
particular co n ing enploye e duration of t treat nent, other
dr ugs, conp%ﬁeggbliﬁn‘aﬁﬁrx et & 62%3 8%‘%8“1 &rulc érﬂfi%nmqr?) Rr%rf’ﬁly Tgi?f‘ﬁe 4,
parti3ul ar ooffpaadin= s carphipdonert haddoker is€6,S)y@Ei.ght , condi ti on, general
health and prior nmedical history of the patient being treated, and |ike

g N al ¢ or _ Lre et
and 1 i d t QPHREHE i Ral R REHaRE ralPithament, addltihafOTBOR il Jushaf® CLer) €
addi ti on t obeiskkatweerhbe £d-dorapingndthe gHIl omain glsodbe entitody heahighfait ed

sal it_ne sol u{irible &rRAR (VH) dhdltHeYan€iB6dPRghteshRihdiaigsle doffaitp\aNPdre, by use of
coatl ng suc

h. lecithin b i nt enance aof requjred rticle. size in the
case of di spishidsshiirenhy ieodptianof aieuiide bor bpiesh MieelioVing [ <
preferable to include isotonic agents, for exanple, sugars, polyal cohols
such as mannitol or sorbitol, and sodiumchloride in the 25conposition. As
used herein, the expressions "cell,"” "cell line," and "cell culture" are
used i nterchangeably and all such designations include progeny. Thus, the
words "transformants” and "transforned cells" include the primary subject
cell and cultures derived therefromw thout regard for the nunber of

Y o o ~ o~ o o, N o -



- 43 - The term"transformati on” as used herein refers to process of
transfer of a vectors/nucleic acid into a host cell. If cells w thout

f or m dablwocel0o3gelll barriers are used as host cells, tPERSPRYVINGTS? S
carried out e.g. by the cal cium phosphate precipitation nethod as descri bed
by G aham F.L., and Van der Eb, A J.,-2+to0logy 5 52 (1973) 456-467.
However, other nethods for introducing DNA into cells such as by nucl ear
injection or by protoplast fusion may also be used. |If prokaryotic cells or
cel I s whi chpesersi n substantial cell wall constructions are used, e.g. one

Gescri bad by (eahen a8 bRty BokfER 430 ) S SRl G5, o5

her ei n, ex% @ssion" refers to the process by which a nucleic acid is

transcri bedii) Réa3ychAA vaRabie dobfid HRIRIOIBSS 1ipht Wik Dardidble d8AMacr i bed nmRNA
(al so referred. to%fs transcript) i s subsequently being translated into

pepti des, pBYY¥UbH>®Es, or proteins. The transcripts and the encoded
pol ypepti d eﬁl)anea?sz)cdiahrec:irlabhd Jomaih @osieidn 101 asligerhaipnnadisie dohfaid he

POLYUE! €0t b P GiFNRLE A RAENIARE RO pBRPLERBLRY 0 2 eukaryotic

cell may in cing o Vec Is a nucleic acid
nol ecul e, in partlcular self-replicati g whi ch transfers an inserted

nucl ei ¢ aci dushpiugthar disulfide stahilizatiomef siegla chajg Fab dtagmentFlis achievedibydhedes

vectors t hatnnfouaatdnoar PHisuHdel anHQIetWEb?leﬂhE'v‘aHaﬁlE dahlﬁl&rvﬁ%d ViLbanpeel |
|on |cat|on of vectors that function

.. ch t
[(D(I?I ?T‘HIIDI fyr 19 g‘ﬁg@”gam efg{ﬁ?’?‘i?&%l SFP’B uesitQy Igrodrrpunnatyrabdisplfide bydeesetor or s
thalt L ugct i stabiligatidor oA aGinghé tldin FRdre dedctided kat iro?/comm%ma@dgow Al so
i ncl uded ar of  t
descri bed. iri e?élx’prrggsin%n 3«18%(’}3%5%%96 %21 ?F?i‘b’e% Q?\IVH? %ﬁ%‘ﬁe
i ntroduced BrdegyarVapp$ofdioba) 88hea9s; oeISIchmahnM),eett ala,n©uc0gmd (8929)t18ans| at ed
| nto a pol yPPALiges AlofPeRBPAfRA! B2 GHRREIisHEHE bo¥d BARI he vangtﬁét abl e

host cell conprised an expressi on vector unction to
desi rléd expieBaingaf frecdngle chae Sabifiagmentsofompyisedin the %ﬁbédﬁémeééo SEQ | D

EIO 1hea\éy fél%%hﬁbr@@ﬁgs goéw&ﬂl}% aE&iF?)hRahgﬂ?@ao&ES%?imhwaﬁ@\r pggdé@mml o
umani ze < eav al n u

CEo 1D No. AR AORAITPerRR 0l e qord St S PORht cha o
CDR2, hunanbateder<HeRRriablR6d TN bDIEQingit ichhin Fabafir apmidaRl corhpifizedi inate

:Egg: %gar‘tiboééélcc§ﬁglé lPo Nﬁ)e 1ZD§1§0¥1 %hgétwegr? rﬂe%\p)ll chg%”%&‘ablg 4 rrpaiir% ed

20 position 105 and light chain variable domain position 43 (numbering always
according to EU index of Kabat).

In an embodiment single chain Fab fragment without said optional disulfide
stabilization between the variable domains VH and VL of the single chain Fab

fragments are preferred.

25 Preferably said second embodiment of an tetravalent bispecific antibody according
to the invention comprises two identical single chain Fab fragments (preferably
VL-CL-linker-VH-CH1) which are both fused to the two C-termini of the two
heavy chains or to the two C-termini of the two light chains of said full length
antibody under a). Such fusion results in two identical fusion peptides (either i)

30 heavy chain and single chain Fab fragment or ii) light chain and single chain Fab
fragment) which are coexpressed with either i) the light chain or the heavy chain of
the full length antibody to give the bispecific antibody according to the invention
(see Fig. 12, 13 and 14).



SEQ I D NO 8heavy chain variable domain, humani zed <EGFR>I CR62-1- HHD 5SEQ
ID NGO 9light chain variable domain, humani zed <EGFR>I CR62 -1- KA SEQ ID
NO 10l i ghO 201034 ar i abl e donmai n, humani zed <EG-FRACR62 PCI/AEPR@IBEDS2 D NO
llheavy chain CDR3, <IGF-1R> HUMAB-C one 18 10SEQ I D NGO 12heavy chain
CDR2, <IGF-1R> HUMAB-Cl one 18 SEQ I D N@g-13heavy chain CDR1, <IGF-1R>
HUMAB- Cl one 18 SEQ I D NO 14light chain CDR3, <IG--1R> HUMAB-C one 18 SEQ

I D NO 15light chain CDR2, <IGF-1R> HUVAB-Cl one 18 SEQ ID NGO 16light chain
CDR1, <I GF- iRrfurkieABmbbdineni Said fiathlent ikpecifichmtibydy hachariibiidzed<h Gkat 1R>

HUMAB- Cl 2 ' | G- - 2 SE

D Nor _1ones0g AaRneRhod PPAR o AFpRUERTPOrR &y I hRTAEY 3
CDR3, <I GF- friesmenihnadetibgbind?p ISER.D NO 211§ ght chain CDR2, <IGF-1R>
HUMAB- Cl one 22 20SEQ I D NO. 22light chain CDR1, <IGF1R> HUMAB-Cl one 22 SEQ

5 NS, 2Sheh b Sptot i S0 Ak A MPS e 48 S0 N
chai n vari abl e domai n, - , - Cl one . i ig
chai n var i atié feld length a‘kt!t@y Ry 'H%ﬁﬂ) binds &0 1@F§I§Q"“P‘%S?\%tw9éﬂ%9h%ﬂai n
vari abl e dopab fragmekthuddtr bHMBoB®GEFR. 22 25SEQ | D NO 27hunman heavy chain
constant region derived fromlgGl
In a further embodiment said bispecific antibody is characterized in that the

constant region derived of human origin.

In a further embodiment said bispecific antibody is characterized in that the
10 constant region of the bispecific antibody according to the invention is of human
IgG1 subclass, or of human IgG1 subclass with the mutations L234A and L235A.

In a further embodiment said bispecific antibody is characterized in that the
constant region of the bispecific antibody according to the invention antibody is of

human IgG2 subclass.

15 In a further embodiment said bispecific antibody is characterized in that the
constant region of the bispecific antibody according to the invention antibody is of

human IgG3 subclass.

In a further embodiment said bispecific antibody is characterized in the constant
region of the bispecific antibody according to the invention is of human IgG4
20 subclass or, of IgG4 subclass with the additional mutation S228P.

It has now been found that the bispecific antibodies according to the current
invention have improved characteristics. They show at least the same or increased
in vitro and in vivo antitumor activity/efficacy compared to the application of only
one or of two individual antibodies in combination, or to the bispecific antibodies
25 of Lu, D., et al.,, Biochemical and Biophysical Research Communications 318
(2004) 507-513; J. Biol. Chem., 279 (2004) 2856-2865; and J. Biol Chem. 280
(2005) 19665-72. They show an improved pharmacokinetic stability in vivo
compared to the bispecific the bispecific antibodies of Lu, D., et al., Biochemical
and Biophysical Research Communications 318 (2004) 507-513; J. Biol. Chem.,
30 279 (2004) 2856—2865; and J. Biol Chem. 280 (2005) 19665-72. Furthermore the
bispecific antibodies according to the current invention show modulated receptor

downregulation/internalization compared to the application of only one or of two



SEQ I D NO. 28human heavy chain constant region derived fromIg& SEQ I D NO
29kappa light chain constant region SEQ ID NO 30Heavy chain 1 of

bi speci f iwp 2biveh4mt domai n exchanged <EGFR-1 GF1R> ant i [POGEPA@NO0ATBE
Cross-Mab (VH VL) 30SEQ I D NO 31Heavy chain 2 of bispecific, bivalent
domai n exchanged <EGFR-1 GF1R> anti body- 310l ecul e: Cross-Mab (VHNL) SEQ I D
NGO 32Light chain 1 of bispecific, bivalent domai n exchanged <EGFR-| GF1R>
anti body nol ecul e: Cross-Mab (VHNL) SEQ I D NO 33Light chain 2 of

bi speci fi c, irviividbal nantgmdidsn iexcdmabigattor3 5 EEGHRmoGH 1tRe  haspédiiicl yantiblodes| e:

Cross- Mab ( : | . ' e ' e domai n
exchanged <@@1p%§?¥9§#ﬁegﬁ§§@%¥%§ﬂ@eBro&%%g?mg%% %i)rpdq@as&fs © SEQ ID
NO 35Heavyardiai fiequepey of adneiaistration pad,egnepmitaaiharost sRdreinged <EGFR- | GF1R>
anti body nol ecule: Cross-Mab (CH CL) SEQ ID NGO 36Light chain 1 of

léir spec :Vgibc,( Thé vwgg%agﬁéaéixagﬁmﬁdmﬁ@f&dﬁ% _1@5{1&&?4%0@5!&:?&1@;

0SS- chain . i spgci fic, bivalen
domai 7 exchgﬁé'g@)og’é@%fla@gf 0 n?t}’g"otﬁi'?“ Hi?lv P](é:re%PB's 19\5seeHcelon 18EQ | D
NO 38Heavynathaivelvedotlirkitgp acitinding bofv ah ednitigee, Fait- Exhibits i vanouE@FRefosH1 R>

ant | body ”Db.ﬁ'ng:H%ﬁs'. ﬁe@%&ﬂﬁg %nqﬁg ah%nygbidSS%lqlﬁ@r}/c% ocfﬂﬂie Iloigstngt Qéi%geocfi tMeﬁ\"
bi val ent sckab-FC fusion
heavy chains, antibodies are divided in the classes: IgA, IgD, IgE, IgG and IgM,

and several of these may be further divided into subclasses, such as IgG1, 1gG2,

10 IgG3, and I1gG4, IgA1 and IgA2. The heavy chain constant regions that correspond
to the different classes of antibodies are called a, 9§, €, y, and p, respectively. The
light chain constant regions which can be found in all five antibody classes are
called x (kappa) and A (lambda).

The term “constant region derived from human origin” as used in the current
15 application denotes a constant heavy chain region of a human antibody of the
subclass 1gG1, 1gG2, IgG3, or IgG4 and/or a constant light chain kappa or lambda
region. Such constant regions are well known in the state of the art and e.g.
described by Kabat, E.A., (see e.g. Johnson, G. and Wu, T.T., Nucleic Acids Res.
28 (2000) 214-218; Kabat, E.A., et al., Proc. Natl. Acad. Sci. USA 72 (1975) 2785-
20 2788). While antibodies of the IgG4 subclass show reduced Fc receptor (FcyRIIIa)
binding, antibodies of other IgG subclasses show strong binding. However Pro238,
Asp265, Asp270, Asn297 (loss of Fc carbohydrate), Pro329, Leu234, Leu235,
Gly236, Gly237, 11e253, Ser254, Lys288, Thr307, GIn311, Asn434, and His435 are
residues which, if altered, provide also reduced Fc receptor binding (Shields, R., L.,
25 et al,, J. Biol. Chem. 276 (2001) 6591-6604; Lund, J., et al., FASEB J. 9 (1995)
115-119; Morgan, A., et al., Immunology 86 (1995) 319-324; EP 0 307 434). In
one embodiment an antibody according to the invention has a reduced FcR binding
compared to an IgG1 antibody and the monospecific bivalent (full length) parent
antibody is in regard to FcR binding of IgG4 subclass or of IgG1 or IgG2 subclass
30 with a mutation in S228, L234, L235 and/or D265, and/ or contains the PVA236
mutation. In one embodiment the mutations in the monospecific bivalent (full
length) parent antibody are S228P, L234A, L235A, L235E and/or PVA236. In
another embodiment the mutations in the monospecific bivalent (full length) parent
antibody are in IgG4 S228P and in IgG1 L234A and L235A. Constant heavy chain
35 regions shown in SEQ ID NO: 27 and 28. In one embodiment the constant heavy



10<EGFR- | GF1R> anti body nol ecul e: scFab-Fc SEQ ID NO 40 Heavy chain 1 of

bi specific, bivalent scFab-Fc fusion <EGFR-1 GF1R> anti body nol ecul e:

N- scFabS wo3alodsud44dge- s3 SEQ | D NO 41Heavy chain 2 of BCImEPeIdoes78hi val ent
scFab- Fc fusion 15<EGFR-1 GF1R> anti body nol ecul e: N-scFabSS-Salt- bridge-s3
SEQ I D NO. 42Heavy chain 1 of bispecifi?2- bival ent scFab-Fc fusion

<EGFR-1 GFI R> anti body nol ecul e: N-scFabSS-Salt bridgew3C 20SEQ I D NO
43Heavy chain 2 of bispecific, bivalent scFab-Fc fusion <EGFR-|1 GF1R>

ant i body rmICb@mIregIOMGh%b@SOWtﬁCbbwdgeM@m BmEth) panadt antbledyis ¢hSEQ 1 of

birspeci 1 ¢, ibNGahEHSHliaRodAG Uk 7553 T, Eﬁ&e dﬂ%ﬂé’th@%})ﬁ&ﬁﬂt
Ki H-C-scFab 1 25SEQ | S5Heavy chain | specific, trivalent

scFab- | gG f hsdarcheraegiqnagfithe menosprsiRc bayplsat(fal lmglth)cpas@mbnhom afp NO
46Li ght chaSEQID NEPEL iWiilcmutdtionaB228P. &t hadihdraémbadinent tﬁECeIoBsthﬁF

anti b y nol ecul e:. Ki B C-scFab- 1. 47 chain cific,
tri vaI ent sé& lﬁ—é’dﬂ Tegien P&l?eoﬁw%g@@f%ﬁ??@iﬁﬁ%hhﬁﬁﬁ% éBHP%dY Iél‘ﬁj-iﬁ cFab- 2
SEQ I D NO IMBmeavip.chain 2 of bispecific, trivalent scFab-19gG fusion
<EGFR- | GF1R> anti body nol ecul e: Ki H G- scFab- 2 SEQ I D NO 49Li ght chai n of

oispect T ¢ The! GALERE rafibiR Rt #CahtiRis By HdRea®H W9 ERLGSH-©
dependent cell-mediated cytotoxicity) and CDC (complement-dependent
cytotoxicity). Complement activation (CDC) is initiated by binding of complement

10 factor Clq to the constant region of most IgG antibody subclasses. Binding of Clq
to an antibody is caused by defined protein-protein interactions at the so called

binding site. Such constant region binding sites are known in the state of the art and
described e.g. by Lukas, T.J., et al, J. Immunol. 127 (1981) 2555-2560;
Brunhouse, R., and Cebra, J.J., Mol. Immunol. 16 (1979) 907-917; Burton, D.R., et

15 al., Nature 288 (1980) 338-344; Thommesen, J.E., et al., Mol. Immunol. 37
(2000) 995-1004; Idusogie, E.E., et al,, J. Immunol. 164 (2000) 4178-4184;
Hezareh, M., et al., J. Virol. 75 (2001) 12161-12168; Morgan, A., et al,
Immunology 86 (1995) 319-324; and EP 0 307 434. Such constant region binding

sites are, e.g., characterized by the amino acids L234, 1.235, D270, N297, E318,

20 K320, K322, P331, and P329 (numbering according to EU index of Kabat).

The term “antibody-dependent cellular cytotoxicity (ADCC)” refers to lysis of
human target cells by an antibody according to the invention in the presence of
effector cells. ADCC is measured preferably by the treatment of a preparation of
IGF-1R and EGFR expressing cells with an antibody according to the invention in

25 the presence of effector cells such as freshly isolated PBMC or purified effector
cells from buffy coats, like monocytes or natural killer (NK) cells or a permanently
growing NK cell line.

The term “complement-dependent cytotoxicity (CDC)” denotes a process initiated
by binding of complement factor Clq to the Fc part of most IgG antibody
30 subclasses. Binding of Clq to an antibody is caused by defined protein-protein
interactions at the so called binding site. Such Fc part binding sites are known in
the state of the art (see above). Such Fc part binding sites are, e.g., characterized by
the amino acids L234, L235, D270, N297, E318, K320, K322, P331, and P329
(numbering according to EU index of Kabat). Antibodies of subclass IgG1, IgG2,
35 and IgG3 usually show complement activation including Clq and C3 binding,



The foll ow ng exanpl es, sequence listing and figures are provided to aid

t he understandi ng of the present invention, the true scope of which is set
forth in wheowgsesded clains. It is understood that nodPCITERRI00M86782AN be
made in the procedures set forth without departing fromthe spirit of the

I nvention. 5Description of the Figures 33chematic structure of one

tetraval ent enbodi mnent of a bispecific antibody according to the invention
binding to EGFR and | G-- 1R, wherein one of the Antigens A or B is EGFR

whi | e the owhereas dgGEdotRnoThetivite thst coreplemebasystennrand dogh Inot digt B1gqnt i body
binding to g,%%lgegl A, to which two (optionally disulfide-stabilized) single
chain Fv' s nding to Antigen B, are |linked via the a peptide-Ilinker.
Schematic structure of fourrééossi bl e tetraval ent_enbodi nents Ato D of a

bi speci fic SeHimestRied cElseiar fynetipons f mepesionad angibadieh gar Pepestrngsty by G- 1R,
wher ei n Oneeﬁélnédﬂﬁlg%birgﬂfg&)sﬁcﬁﬁn& c6mpéidnt adhddseriddeinoURRinal 9., | &FallR The

ani oh Swo. ( SAERS ey ol {1499 ?ﬁﬁpﬁ%ﬁ%@’sﬁ% o Aot B o o
Antigen B, #reemlostnkedmonty el alqmﬂeuudemhbodqm at glym)pﬁotelﬁstthamhmwswf t he
[l engt he LB IEEY LGB s TR P oL TS gt Do0Y
C-term nus edmpler biant¢nnagngligpsaeehapden attached tttﬁanzw @a busgs bepengthe

purified bi €|Pf2cd(frﬂ1acin@'i'$ﬂnﬁﬁgl€xt%@: %é&ﬂgéts wath: thd PolFh&fidEpatibinNand their
Chr onat ogra ana purified, bi E&‘g‘e&‘% | c ant | body’ XGFR1- 2421

( 3ng, Pt E{,eseqqpl‘ss%n%l %%}5? aﬁtlwcsﬁ&t IJBEF AL PSABIORYr | f i ed
bi speci fi | c dfﬁmbadycmlcﬁéﬁilcﬁ@nmmcﬂ:) (Urdeyyr®1. R4t 4P-Slyzebiblogyusi on

O o P Ebo! SECRBUIERELER, 8oL obhgRCkHLebSelio TR R,

Excl usi on Chnd)hhn‘o@naﬁﬂy TsEG} Bootechniot dltSi (AR9Df 26-32)4 Umana, Fi, gtiale Nature
bi speci fic Bﬂg&ggb’ ﬁﬁ@%)ﬁ%lé@ ﬁ&"Wb%/%fégz/sjllb%%&')tlég%vé?e%ggersgggt iffS)

Si mul t aneous eci fl.c ant
( XGFRP- 232053htn@8€mtahavqrm@ Q)nceélsmfaﬁ{b,ﬂkl\h@%xlgWMmlmmsfﬁr@w I
XG-R1- 2320 (“GnTIII”), a glycosyltransferase catalyzing the formation of bisected

oligosaccharides, significantly increases the in vitro ADCC activity of antibodies.
Alterations in the composition of the Asn297 carbohydrate or its elimination affect
also binding to FcyR and Clq (Umana, P., et al., Nature Biotechnol. 17 (1999)

20 176-180; Davies, J., et al., Biotechnol. Bioeng. 74 (2001) 288-294; Mimura, Y., et
al., J. Biol. Chem. 276 (2001) 45539-45547; Radaev, S., et al., J. Biol. Chem. 276
(2001) 16478-16483; Shields, R.L., et al., J. Biol. Chem. 276 (2001) 6591-6604;
Shields, R.L., et al., J. Biol. Chem. 277 (2002) 26733-26740; Simmons, L.C., et al.,
J. Immunol. Methods 263 (2002) 133-147).

25 Methods to enhance cell-mediated effector functions of monoclonal antibodies are
reported e.g. in WO 2005/044859, WO 2004/065540, W0O2007/031875, Umana,
P, et al, Nature Biotechnol. 17 (1999) 176-180, WO 99/154342,
WO 2005/018572, WO 2006/116260, WO 2006/114700, WO 2004/065540,
WO 2005/011735, WO 2005/027966, WO 1997/028267, US 2006/0134709,

30 US 2005/0054048, US 2005/0152894, WO 2003/035835 and WO 2000/061739 or
e.g. in Niwa, R, et al., J. Immunol. Methods 306 (2005) 151-160; Shinkawa, T., et
al, J Biol Chem, 278 (2003) 3466-3473; WO 03/055993 and US2005/0249722.

Therefore in one embodiment of the invention, the bispecific antibody is
glycosylated (if it comprises an Fc part of IgGl1, IgG2, I1gG3 or IgG4 subclass,
35 preferably of IgG1 or IgG3 subclass) with a sugar chain at Asn297 whereby the



Fi gure 6Downregul ati on of IGFR (6a) and EGFR (6b) in A549 NSCLC tunour cell
| ine by bispecific antibody 10 15 20 Figure 7 Inhibition of IG--1R
phosphor Wweatown3g4a) and EGFR phosphoryl ation (7b) in HBRZNMPMNBCIOGBuNMOUN
cell Iine by bispecific anti-EGR anti-I| G- 1R anti body nol ecul es ( XGFR)

7a: Phospho-1GF- 1R - ELISA after inhibizdion with various bispecific

anti body XGFR nol ecul es and their parent antibodies in H322M NSCLC t unour
cells, antibody concentrations refer to the incubation, in case of
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a full leng era ly

characteristics of N-linked glycans attached to Asn297 of an antibody

recombinantly expressed in a CHO cell.

15 The term “the sugar chains show characteristics of N-linked glycans attached to
Asn297 of an antibody recombinantly expressed in a CHO cell” denotes that the
sugar chain at Asn297 of the constant region of the bispecific antibody according
to the invention has the same structure and sugar residue sequence except for the
fucose residue as those of the same antibody expressed in unmodified CHO cells,

20 e.g. as those reported in WO 2006/103100.

The term “NGNA” as used within this application denotes the sugar residue N-

glycolylneuraminic acid.

Glycosylation of human IgGl or IgG3 occurs at Asn297 as core fucosylated
biantennary complex oligosaccharide glycosylation terminated with up to two Gal
25 residues. Human constant heavy chain regions of the IgG1 or IgG3 subclass are
reported in detail by Kabat, E.A., et al., Sequences of Proteins of Immunological
Interest, 5th Ed. Public Health Service, National Institutes of Health, Bethesda,
MD. (1991), and by Briiggemann, M., et al., J. Exp. Med. 166 (1987) 1351-1361;
Love, T.'W., et al., Methods Enzymol. 178 (1989) 515-527. These structures are
30 designated as GO, G1 (o~1,6- or a-1,3-), or G2 glycan residues, depending from the
amount of terminal Gal residues (Raju, T.S., Bioprocess Int. 1 (2003) 44-53). CHO
type glycosylation of antibody Fc parts is e.g. described by Routier, F.H.,
Glycoconjugate J. 14 (1997) 201-207. Antibodies which are recombinantly
expressed in non-glycomodified CHO host cells usually are fucosylated at Asn297
35  inan amount of at least 85%. The modified oligosaccharides of the constant region



5 specifically binding to one of the two antigens EGFR or | GF1-R and two
single chain Fabs specifically binding to the other of the two antigens
EGFR or 1v@bRoR/BsaFab- XGFR nol ecul es) Fi gure 13Bi speci f iPCTaPRIMOOKG785
according to the invention conprising a full |enght antibody specifically
binding to G- 1R and two identical 10sjsngl e chain Fabs specifically

bi nding to EGFR - ScFab- XGFR1 nol ecules A, B, C, and D and expression

| evel s after purification A scFab (VH CHl-linker-VL-CL) fused to

C- Ter mi nus of thee dispecifiaiantibody according to the invention iay deHgbrid or complex.
(VHCH1-1in - L. LI | - 0Q. L sulfi.d hLdge (fused)
to CGTerm ngggfg%(ﬁrﬁ&g\?%%%él n%@"%g@‘f—’éwg}ﬁy@l@f#’ g%grﬁ%f[és(ffbﬁ}ﬁ)g%d I{’o

C- Ter mi nus afoth¢rgembedimient, the bisectdd, reducei{not-fuskeylated -abigosgacharidedi argonal
VHA4-VL100 digpleki de bridge fused) to C Term nus of light chain 20Figure
14Bi specific anti bodi es according to the invention conprising a full |enght
anti body specifically binding to EGFR and t i denti cal single.chain Fabs
speci i cal | $°BHHEY the ipygatbR b ERHESSHOMEAD] e Ao G saig) qugst

A: scFab (Vwitﬁhﬂmbisngarchmndﬂ,&snfzgg,adlated t@l-tfﬁesm JIEN (giydgeta:ycxul frzgah@dhracoil B:
scFab (VH CH1-|i r-VL-CL Wt Itional, VHA4-VL100 dis | de_bridge
Fused) to Corameatded Fomibe ol e e St Shpofil epbdifined P97 ts e
t o C Ter m nVSALPI-TIOfhmash apect@aiztrys e isalcvidiedHds laverkge velueCThei tehative

addi ti onal =\ | i j 0% L ALLS ' chain
Rl gur e 155Dt IR RRpH B ifechlqed 47, AUSRTopldhity UMM el 10k

ant i biddy deglygattiugayess ideapfigdariam N-GhragidaerRitreatezosqanple (e roawpjexss2:
scFab- XGFRLh¢biédladd\Wligot @8l BR#)mannod structures, resp.) by MALDI-TOF.

For all bispecific antibodies according to the invention, “GE” means

glycoengineered.

In one further aspect of the invention the bispecific antibody according to the
15 invention is an antibody with ADCC and/or CDC, and has a constant region of
IgG1 or IgG3 (preferably IgG1) subclass from human origin which does bind Fcy
receptor and/or complement factor Clq. Such an antibody which does bind Fc
receptor and/or complement factor Clq does elicit antibody-dependent cellular
cytotoxicity (ADCC) and/or complement dependent cytotoxicity (CDC).

20 The antibody according to the invention is produced by recombinant means. Thus,
one aspect of the current invention is a nucleic acid encoding the antibody
according to the invention and a further aspect is a cell comprising said nucleic acid
encoding an antibody according to the invention. Methods for recombinant
production are widely known in the state of the art and comprise protein expression

25 in prokaryotic and eukaryotic cells with subsequent isolation of the antibody and
usually purification to a pharmaceutically acceptable purity. For the expression of
the antibodies as aforementioned in a host cell, nucleic acids encoding the
respective modified light and heavy chains are inserted into expression vectors by
standard methods. Expression is performed in appropriate prokaryotic or eukaryotic

30 host cells like CHO cells, NSO cells, SP2/0 cells, HEK293 cells, COS cells,
PER.C6 cells, yeast, or E.coli cells, and the antibody is recovered from the cells
(supernatant or cells after lysis). General methods for recombinant production of
antibodies are well-known in the state of the art and described, for example, in the
review articles of Makrides, S.C., Protein Expr. Purif. 17 (1999) 183-202; Geisse,



3: scFab- XGFR14720 (reduced) 4: scFab-XGFR1 4721 (reduced) HP-SEC anal yses
of scFab containing bispecific antibody derivatives scFab- XG-FR1L Fi g. 16a:
scFab- XGRRO-2410204447. 7 % Aggregates (marked w t hi n box) PEIIgP2M8I906782

scFab- XGFR1-4721; 3.5 % Aggregates (marked wi thin box) Binding of

scFab- XGFR1 and scFab- XGFR2 to EGFR and3d GF1R Fig 17a: Biacore

di agram Bi ndi ng of scFab- XGFR1_2720 to EGFR, KD =2 nM Fig 17b: Bi acore

di agram Bi ndi ng of scFab-XGFR1 2720 to |G- 1R, KD =2 nMFig 17c: Biacore

di agr am Bi né&i,refy abf Protéin ExpGARA1{23 10996 HERR2; KRufman, R.h1 Mol FBptéchaol. Bi acor e

di agr am Bi nds s} 15880 WERTR R PO & ad BookPso o nM Scherre - Bi ndi ng
of scFab-XGFR'to Cells anal yzed by FACS conpetition assays with foll ow ng
eneral procedure: --add <lICGF1IR> Mab | abeled w th-Alexa647 (1 pg/nli) +

unl abel ed sﬁ‘gsfﬁ%@p@% P qslicss aie SUIEEb@OfeW@‘FﬁLfT?mnthﬁaF‘éW%Imﬁdpl%l R¥n

i ncubati on esnveational@dudoglebulve puitieitiod pstciiies s@h as; forexuible, pLérdiHO,

t hen EACS élo Lqure 1%8' ndiln tﬁf ﬁ}(l:_Fab- XGF§ 27213 %gg arent <IG-1R> Cl onel 8

to cells an 'g%’g‘ér%% X\%gx 8&% £i (rNaesERhY, BPly elrgoPhesryis: r 1aly§iSorT | cs0

val ues of <hffityRiGbmategtiphy., DB HaghdiBNAnchcedifgthXGRo2IbAAl aftjitbdigsgisnl) Fi g
19b: Bindin - ni ' |4 -

yoaxi s o RGOH] YR Sl eyl %%@é%f’%‘é%ﬁ'*@hﬂ%a‘é’%ﬁ@g% egdoleis e
of scFab- XGFR 9799 ap tauianregopdicht DDALeng RgAd Pnce jsotateds the RINA;mgy &%i s

ant i bOdyI foﬂﬁ@ﬂéd’ ﬁ%{b eRpredsidridctors, which aFé SHeharatRfeiaiRGUARL LAl QkhladF1-R on
I_BZZNILOOE SH%flé %r93 élellg, CHO cells, or myeloma cells that do not otherwise produce

immunoglobulin protein, to obtain the synthesis of recombinant monoclonal

antibodies in the host cells.

Amino acid sequence variants (or mutants) of the bispecific antibody are prepared
by introducing appropriate nucleotide changes into the antibody DNA, or by
15 nucleotide synthesis. Such modifications can be performed, however, only in a
very limited range, e.g. as described above. For example, the modifications do not
alter the above mentioned antibody characteristics such as the IgG isotype and
antigen binding, but may improve the yield of the recombinant production, protein

stability or facilitate the purification.

20 The bispecific antibodies binding to EGFR and IGF-1R according to the invention
downregulate EGFR. In one embodiment, the downregulation of EGFR is at least
about 30%, in another embodiment at least about 35%, and in still another
embodiment at least about 40% in A549 cells.

The bispecific antibodies binding to EGFR and IGF-1R according to the invention

25 downregulate IGF-1R. In one embodiment, the downregulation of IGF-1R by the
bispecific Cross-Mab (VH/VL) or Cross-Mab (CH/CL) is at most about 15%, in
another embodiment at most about 20%, and in still another embodiment at least
most 40% in H322M cells (at 75ug Protein/mL).

The term “host cell” as used in the current application denotes any kind of cellular
30 system which can be engineered to generate the antibodies according to the current
invention. In one embodiment HEK293 cells and CHO cells are used as host cells.
As used herein, the expressions “cell,” “cell line,” and “cell culture” are used

interchangeably and all such designations include progeny. Thus, the words



i ncubation with different bispecific anti-EGFR/ anti-|1 G- 1R anti body

nol ecul es (scFab- XGFR;, 100nM 5 Fi gure 21Downregul ati on of EGFR on
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22 nhibition of the proliferation from3¥B22Mcells with different

bi specific anti-EGR anti -1 G- 1R anti body nol ecul es (scFabXGFR, 100nM
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<EGFR>| CR62 Lrst .ant i.gen- bi ndi site bindin R, ;and.on.the
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nomend at ur EnGusPakol tqaupRces Jhalcpg suytablp fi%mpé@tﬂr&tysnfer SEMBPI anclednts t hat
conbi ne f eapton@sier)bpticially antdpeRtirasquenet, Hids ﬁ&é@fneﬂﬁﬁdiﬁ%@ik@lﬁukbiy@ﬂed fic
ant i body- deri i/ed gﬁot e% n tﬁnti ties vver?e:lm%onst ralctgld. I ? t hese | ecul es,

r econbi nant SGIS T BNOHA Ut AGRIOMgOtEY SRANSE'S spd SRSV AR EIRE - connect ed
via reconbi nant protein fusion technol ogies to the other antibody which
10was r et ai Aedldleic tahid i dlopertablyf lizkef{iwhenah gt platgGnla furkitiopalsretatiodstipt i body

carries theyggshidatkrSRRRIE RidHUdienSP §%r | dxGhiple, DNA for a pre-sequence or
20 secretory leader is operably linked to DNA for a polypeptide if it is expressed as a

pre-protein that participates in the secretion of the polypeptide; a promoter or
enhancer is operably linked to a coding sequence if it affects the transcription of the
sequence; or a ribosome binding site is operably linked to a coding sequence if it is
positioned so as to facilitate translation. Generally, “operably linked” means that
25 the DNA sequences being linked are contiguous, and, in the case of a secretory
leader, contiguous and in reading frame. However, enhancers do not have to be
contiguous. Linking is accomplished by ligation at convenient restriction sites. If
such sites do not exist, the synthetic oligonucleotide adaptors or linkers are used in

accordance with conventional practice.

30 An antibody according to the invention with a reduced amount of fucose can be
expressed in a glycomodified host cell engineered to express at least one nucleic
acid encoding a polypeptide having GnTIII activity and a polypeptide having
Manll activity in an amount to fucosylate according to the invention the

oligosaccharides in the Fc region. In one embodiment, the polypeptide having
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4-beta-N-acetylglucosaminyl-transferase (EC 2.4.1.144), according to the
Nomenclature Committee of the International Union of Biochemistry and
Molecular Biology (NC-IUBMB), as measured in a particular biological assay,
30 with or without dose dependency. In the case where dose dependency does exist, it
need not be identical to that of GnTIII, but rather substantially similar to the dose-
dependence in a given activity as compared to the GnTIII (i.e. the candidate
polypeptide will exhibit greater activity or not more than about 25-fold less and,
preferably, not more than about tenfold less activity, and most preferably, not more
35 than about three-fold less activity relative to the GnTIII). As used herein, the term
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“Golgi localization domain” refers to the amino acid sequence of a Golgi resident
polypeptide which is responsible for anchoring the polypeptide in location within
the Golgi complex. Generally, localization domains comprise amino terminal

“tails” of an enzyme.

For the production of antibodies according to the invention with a reduce amount
of fucose likewise a host cell that is able and engineered to allow the production of
an antibody with modified glycoforms can be used. Such a host cell has been
further manipulated to express increased levels of one or more polypeptides having
GnTIl activity. CHO cells are preferred as such host cells. Likewise cells
producing antibody compositions with increased ADCC as reported in
US 6,946,292.

Purification of antibodies is performed in order to eliminate cellular components or
other contaminants, e.g. other cellular nucleic acids or proteins, by standard
techniques, including alkaline/SDS treatment, CsCl banding, column
chromatography, agarose gel electrophoresis, and others well known in the art. See
Ausubel, F., et al., ed. Current Protocols in Molecular Biology, Greene Publishing
and Wiley Interscience, New York (1987). Different methods are well established
and widespread used for protein purification, such as affinity chromatography with
microbial proteins (e.g. protein A or protein G affinity chromatography), ion
exchange chromatography (e.g. cation exchange (carboxymethyl resins), anion
exchange (amino ethyl resins) and mixed-mode exchange), thiophilic adsorption
(e.g. with beta-mercaptoethanol and other SH ligands), hydrophobic interaction or
aromatic adsorption chromatography (e.g. with phenyl-sepharose, aza-arenophilic
resins, or m-aminophenylboronic acid), metal chelate affinity chromatography (e.g.
with Ni(II)- and Cu(Il)-affinity material), size exclusion chromatography, and
electrophoretical methods (such as gel electrophoresis, capillary electrophoresis)
(Vijayalakshmi, M., A., Appl. Biochem. Biotech. 75 (1998) 93-102).

One aspect of the invention is a pharmaceutical composition comprising an
antibody according to the invention. Another aspect of the invention is the use of
an antibody according to the invention for the manufacture of a pharmaceutical
composition. A further aspect of the invention is a method for the manufacture of a
pharmaceutical composition comprising an antibody according to the invention. In
another aspect, the present invention provides a composition, e.g. a pharmaceutical
composition, containing an antibody according to the present invention, formulated

together with a pharmaceutical carrier.

| engt h
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It has surprisingly been found that the bispecific antibodies against EGFR and
against IGF-1R according to the invention has improved anti-proliferative
properties against cancer cells when compared to the monospecific parent anti-
EGFR antibodies and anti-IGF-1R antibodies or compared to the bispecific
antibodies against EGFR and against IGF-1R known from Lu, D., et al.,
Biochemical and Biophysical Research Communications 318 (2004) 507-513; J.
Biol. Chem., 279 (2004) 2856-2865; and J. Biol Chem. 280 (2005) 19665-72 (as
these bispecific antibodies only show reduced efficacy in tumor cells which express
EGFR/IGF-1R compared to the combination of the respective parent antibodies).

Another aspect of the invention is said pharmaceutical composition for the

treatment of cancer.

Another aspect of the invention is the use of an antibody according to the invention

for the manufacture of a medicament for the treatment of cancer.

Another aspect of the invention is method of treatment of patient suffering from
cancer by administering an antibody according to the invention to a patient in the

need of such treatment.

As used herein, “pharmaceutical carrier” includes any and all solvents, dispersion
media, coatings, antibacterial and antifungal agents, isotonic and absorption
delaying agents, and the like that are physiologically compatible. Preferably, the
carrier is suitable for intravenous, intramuscular, subcutaneous, parenteral, spinal

or epidermal administration (e.g. by injection or infusion).

A composition of the present invention can be administered by a variety of
methods known in the art. As will be appreciated by the skilled artisan, the route
and/or mode of administration will vary depending upon the desired results. To
administer a compound of the invention by certain routes of administration, it may
be necessary to coat the compound with, or co-administer the compound with, a
material to prevent its inactivation. For example, the compound may be
administered to a subject in an appropriate carrier, for example, liposomes, or a
diluent. Pharmaceutically acceptable diluents include saline and aqueous buffer
solutions. Pharmaceutical carriers include sterile aqueous solutions or dispersions
and sterile powders for the extemporaneous preparation of sterile injectable
solutions or dispersion. The use of such media and agents for pharmaceutically

active substances is known in the art.

| engt h
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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 injection, and includes, without limitation, intravenous, intramuscular,
intraarterial, intrathecal, intracapsular, intraorbital, intracardiac, intradermal,
5 intraperitoneal, transtracheal, subcutaneous, subcuticular, intraarticular,
subcapsular, subarachnoid, intraspinal, epidural and intrasternal injection and

infusion.

The term cancer as used herein refers to proliferative diseases, such as lymphomas,
lymphocytic leukemias, lung cancer, non small cell lung (NSCL) cancer,
10 bronchioloalviolar cell lung cancer, bone cancer, pancreatic cancer, skin cancer,
cancer of the head or neck, cutaneous or intraocular melanoma, uterine cancer,
ovarian cancer, rectal cancer, cancer of the anal region, stomach cancer, gastric
cancer, colon cancer, breast cancer, uterine cancer, carcinoma of the fallopian
tubes, carcinoma of the endometrium, carcinoma of the cervix, carcinoma of the
15 vagina, carcinoma of the vulva, Hodgkin's Disease, cancer of the esophagus, cancer
of the small intestine, cancer of the endocrine system, cancer of the thyroid gland,
cancer of the parathyroid gland, cancer of the adrenal gland, sarcoma of soft tissue,
cancer of the urethra, cancer of the penis, prostate cancer, cancer of the bladder,
cancer of the kidney or ureter, renal cell carcinoma, carcinoma of the renal pelvis,
20 mesothelioma, hepatocellular cancer, biliary cancer, neoplasms of the central
nervous system (CNS), spinal axis tumors, brain stem glioma, glioblastoma
multiforme, astrocytomas, schwanomas, ependymonas, medulloblastomas,
meningiomas, squamous cell carcinomas, pituitary adenoma and Ewing’s sarcoma,
including refractory versions of any of the above cancers, or a combination of one

25 or more of the above cancers.

These compositions may also contain adjuvants such as preservatives, wetting
agents, emulsifying agents and dispersing agents. Prevention of presence of
microorganisms may be ensured both by sterilization procedures, supra, and by the
inclusion of various antibacterial and antifungal agents, for example, paraben,
30 chlorobutanol, phenol, sorbic acid, and the like. It may also be desirable to include
isotonic agents, such as sugars, sodium chloride, and the like into the compositions.
In addition, prolonged absorption of the injectable pharmaceutical form may be
brought about by the inclusion of agents which delay absorption such as aluminum

monostearate and gelatin.
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Regardless of the route of administration selected, the compounds of the present
invention, which may be used in a suitable hydrated form, and/or the
pharmaceutical compositions of the present invention, are formulated into
pharmaceutically acceptable dosage forms by conventional methods known to
those of skill in the art.

Actual dosage levels of the active ingredients in the pharmaceutical 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 employed, the route of administration, the time of administration,
the rate of excretion of the particular compound being empléyed, the duration of
the treatment, other drugs, compounds and/or materials used in combination with
the particular compositions employed, the age, sex, weight, condition, general
health and prior medical history of the patient being treated, and like factors well

known in the medical arts.

The composition must be sterile and fluid to the extent that the composition is
deliverable by syringe. In addition to water, the carrier preferably is an isotonic

buffered saline solution.

Proper fluidity can be maintained, for example, by use of coating such as lecithin,
by maintenance of required particle size in the case of dispersion and by use of
surfactants. In many cases, it is preferable to include isotonic agents, for example,
sugars, polyalcohols such as mannitol or sorbitol, and sodium chloride in the

composition.

As used herein, the expressions "cell," "cell line," and "cell culture" are used
interchangeably and all such designations include progeny. Thus, the words
"transformants" and "transformed cells" include the primary subject cell and
cultures derived therefrom without regard for the number of transfers. It is also
understood that all progeny may not be precisely identical in DNA content, due to
deliberate or inadvertent mutations. Variant progeny that have the same function or
biological activity as screened for in the originally transformed cell are included.

Where distinct designations are intended, it will be clear from the context.
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The term “transformation” as used herein refers to process of transfer of a
vectors/nucleic acid into a host cell. If cells without formidable cell wall barriers
are used as host cells, transfection is carried out e.g. by the calcium phosphate
precipitation method as described by Graham, F.L., and Van der Eb, A.J., Virology
52 (1973) 456-467. However, other methods for introducing DNA into cells such
as by nuclear injection or by protoplast fusion may also be used. If prokaryotic
cells or cells which contain substantial cell wall constructions are used, e.g. one
method of transfection is calcium treatment using calcium chloride as described by
Cohen, S.N, et al, PNAS. 69 (1972) 2110-2114.

As used herein, "expression" refers to the process by which a nucleic acid is
transcribed into mRNA and/or to the process by which the transcribed mRNA (also
referred to as transcript) is subsequently being translated into peptides,
polypeptides, or proteins. The transcripts and the encoded polypeptides are
collectively referred to as gene product. If the polynucleotide is derived from
genomic DNA, expression in a eukaryotic cell may include splicing of the mRNA.

A "vector" is a nucleic acid molecule, in particular self-replicating, which transfers
an inserted nucleic acid molecule into and/or between host cells. The term includes
vectors that function primarily for insertion of DNA or RNA into a cell (e.g.,
chromosomal integration), replication of vectors that function primarily for the
replication of DNA or RNA, and expression vectors that function for transcription
and/or translation of the DNA or RNA. Also included are vectors that provide more
than one of the functions as described.

An "expression vector" is a polynucleotide which, when introduced into an
appropriate host cell, can be transcribed and translated into a polypeptide. An
“expression system" usually refers to a suitable host cell comprised of an

expression vector that can function to yield a desired expression product.

Description of the Amino acid Sequences

SEQID NO: 1 heavy chain CDR3, humanized <EGFR>ICR62
SEQ ID NO: 2 heavy chain CDR2, humanized <EGFR>ICR62
SEQID NO: 3 heavy chain CDR1, humanized <EGFR>ICR62
SEQID NO: 4 light chain CDR3, humanized <EGFR>ICR62
SEQID NO: 5 light chain CDR2, humanized <EGFR>ICR62

SEQ ID NO: 6 light chain CDR1, humanized <EGFR>ICR62



VH44NL100 XGFR2-3421 N-termnus HC 4 2 VH44NL100 XGFR2-4421 C-termnus LC 4
2 VHA4NL100 XGFR2-5421 N-terminus LC 4 2 VH44NL100 WO .
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wi th variabl e single-chain-linker and peptide-linker length. An "-" in the
tabl e neans "not present”. Ml ecul eNawe XG-R- nonencl ature
SEQ ID NO: 7 heavy chain variable domain, humanized <EGFR>ICR62-1-
HHB
SEQID NO: 8 heavy chain variable domain, humanized <EGFR>ICR62-1-
HHD
5 SEQID NO: 9 light chain variable domain, humanized <EGFR>ICR62 -I-
KA
SEQ ID NO: 10 light chain variable domain, humanized <EGFR>ICR62 —I-
KC
SEQID NO: 11 heavy chain CDR3, <IGF-1R> HUMAB-Clone 18
10 SEQ ID NO: 12 heavy chain CDR2, <IGF-1R> HUMAB-Clone 18

SEQID NO: 13 heavy chain CDR1, <IGF-1R> HUMAB-Clone 18
SEQ ID NO: 14 light chain CDR3, <IGF-1R> HUMAB-Clone 18
SEQID NO: 15 light chain CDR2, <IGF-1R> HUMAB-Clone 18
SEQID NO: 16 light chain CDR1, <IGF-1R> HUMAB-Clone 18
15 SEQ ID NO: 17 heavy chain CDR3, <IGF-1R> HUMAB-Clone 22
SEQ ID NO: 18 heavy chain CDR2, <IGF-1R> HUMAB-Clone 22
SEQ ID NO: 19 heavy chain CDR1, <IGF-1R> HUMAB-Clone 22

SEQ ID NO: 20 light chain CDR3, <IGF-1R> HUMAB-Clone 22
SEQ ID NO: 21 light chain CDR2, <IGF-1R> HUMAB-Clone 22
20 SEQ ID NO: 22 light chain CDR1, <IGF-1R> HUMAB-Clone 22

SEQ ID NO: 23 heavy chain variable domain, <IGF-1R> HUMAB-Clone 18
SEQ ID NO: 24 heavy chain variable domain, <IGF-1R> HUMAB-Clone 22
SEQ ID NO: 25 light chain variable domain, <IGF-1R> HUMAB-Clone 18
SEQ ID NO: 26 light chain variable domain, <IGF-1R> HUMAB-Clone 22
25 SEQ ID NO: 27 human heavy chain constant region derived from IgG1
SEQ ID NO: 28 human heavy chain constant region derived from IgG4
SEQ ID NO: 29 kappa light chain constant region
SEQ ID NO: 30 Heavy chain 1 of bispecific, bivalent domain exchanged
<EGFR-IGF1R> antibody molecule: Cross-Mab (VH/VL)
30 SEQ ID NO: 31 Heavy chain 2 of bispecific, bivalent domain exchanged
<EGFR-IGF1R> antibody molecule: Cross-Mab (VH/VL)
SEQ ID NO: 32 Light chain 1 of bispecific, bivalent domain exchanged
<EGFR-IGF1R> antibody molecule: Cross-Mab (VH/VL)
SEQ ID NO: 33 Light chain 2 of bispecific, bivalent domain exchanged
35 <EGFR-IGF1R> antibody molecule: Cross-Mab (VH/VL)
SEQ ID NO: 34 Heavy chain 1 of bispecific, bivalent domain exchanged
<EGFR-IGF1R> antibody molecule: Cross-Mab (CH/CL.)
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SEQ ID NO: 35 Heavy chain 2 of bispecific, bivalent domain exchanged
<EGFR-IGF1R> antibody molecule: Cross-Mab (CH/CL)
SEQ ID NO: 36 Light chain 1 of bispecific, bivalent domain exchanged
<EGFR-IGF1R> antibody molecule: Cross-Mab (CH/CL)
5 SEQ ID NO: 37 Light chain 2 of bispecific, bivalent domain exchanged
<EGFR-IGF1R> antibody molecule: Cross-Mab (CH/CL)
SEQ ID NO: 38 Heavy chain 1 of bispecific, bivalent scFab-Fc fusion
<EGFR-IGF1R> antibody molecule: scFab-Fc
SEQ ID NO: 39 Heavy chain 2 of bispecific, bivalent scFab-Fc fusion
10 <EGFR-IGF1R> antibody molecule: scFab-Fc
SEQ ID NO: 40 Heavy chain 1 of bispecific, bivalent scFab-Fc fusion
<EGFR-IGFIR> antibody molecule: N-scFabSS-Salt-

bridge-s3

SEQ ID NO: 41 Heavy chain 2 of bispecific, bivalent scFab-Fc fusion

15 <EGFR-IGFIR> antibody molecule: N-scFabSS-Salt-
bridge-s3

SEQ ID NO: 42 Heavy chain 1 of bispecific, bivalent scFab-Fc fusion
<EGFR-IGF1R> antibody moiecuie: N-scFabSS-Salt bridge-
w3C

20 SEQ ID NO: 43 Heavy chain 2 of bispecific, bivalent scFab-Fc fusion
<EGFR-IGF1R> antibody molecule: N-scFabSS-Salt bridge-
w3C

SEQ ID NO: 44 Heavy chain 1 of bispecific, trivalent scFab-IgG fusion
<EGFR-IGF1R> antibody molecule: KiH-C-scFab-1

25 SEQ ID NO: 45 Heavy chain 2 of bispecific, trivalent scFab-IgG fusion
<EGFR-IGF1R> antibody molecule: KiH-C-scFab-1

SEQ ID NO: 46 Light chain of bispecific, trivalent scFab-IgG fusion
<EGFR-IGF1R> antibody molecule: KiH-C-scFab-1

SEQ ID NO: 47 Heavy chain 1 of bispecific, trivalent scFab-IgG fusion

30 <EGFR-IGF1R> antibody molecule: KiH-C-scFab-2

SEQ ID NO: 48 Heavy chain 2 of bispecific, trivalent scFab-IgG fusion
<EGFR-IGF1R> antibody molecule: KiH-C-scFab-2

SEQ ID NO: 49 Light chain of bispecific, trivalent scFab-IgG fusion
<EGFR-IGF1R> antibody molecule: KiH-C-scFab-2

35
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The following examples, sequence listing and figures are provided to aid the
understanding of the present invention, the true scope of which is set forth in the
appended claims. It is understood that modifications can be made in the procedures

set forth without departing from the spirit of the invention.

Description of the Figures

Figure 1 Schematic structure of one tetravalent embodiment of a bispecific
antibody according to the invention binding to EGFR and
IGF-1R, wherein one of the Antigens A or B is EGFR, while the
other is IGF-1R. The structure is based on a full length antibody
binding to Antigen A, to which two (optionally disulfide-
stabilized) single chain Fv’ s binding to Antigen B, are linked via
the a peptide-linker.

Figure 2 Schematic structure of four possible tetravalent embodiments A
to D of a bispecific antibody according to the invention binding
to EGFR and IGF-1R, wherein one of the Antigens A or B is
EGFR, while the other is IGF-1R. The structures are based on a
full length antibody binding to Antigen A, to which two
(optionally disulfide stabilized) single chain Fv’s binding to
Antigen B, are linked via the a peptide-linker at the
A: C-terminus of the full length antibody heavy chain
B: N-terminus of the full length antibody heavy chain
C: C-terminus of the full length antibody light chain
D C-terminus of the full length antibody light chain

Figure 3 3a: SDS-PAGE of purified bispecific antibody XGFR1-2421
3b: HP-Size Exclusion Chromatography (SEC) analysis of
purified bispecific antibody XGFR1-2421 (3mg,/ml)
3c: HP-Size Exclusion Chromatography (SEC) analysis of
purified bispecific antibody XGFR1-2421 (1mg,/ml)

Figure 4 4a: HP-Size Exclusion Chromatography (SEC) purification of
bispecific antibody XGFR1-2320 (without disulfide stabilization)
(8.7 % aggregates)
4b: HP-Size Exclusion Chromatography (SEC) purification of
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bispecific antibody XGFR1-2321 (disulfide stabilized) (0 %
aggregates)

Simultaneous binding of a bispecific anti-EGFR/anti-IGF-1R
antibody (XGFR1-2320) to EGFR and IGF1R in a Biacore assay
with immobilized XGFR1-2320

Downregulation of IGFR (6a) and EGFR (6b) in A549 NSCLC
tumour cell line by bispecific antibody

Inhibition of IGF-1R phosphorylation (7a) and EGFR
phosphorylation (7b) in H322M NSCLC tumour cell line by
bispecific anti-EGFR/anti-IGF-1R antibody molecules (XGFR)
7a: Phospho-IGF-1R - ELISA after inhibition with various
bispecific antibody XGFR molecules and their parent antibodies
in H322M NSCLC tumour cells, antibody concentrations refer to
the incubation, in case of stimulation with IGF1/EGF antibody
concentrations arc diluted to the half of the original concentration
7b: Phospho-EGF-R - ELISA after inhibition with various
bispecific antibody XGFR molecules and their parent antibodies
in H322M NSCLC tumour cells, antibody concentrations refer to
the incubation, in case of stimulation with IGF1/EGF antibody
concentrations are diluted to the half of the original concentration

Anti-tumor growth inhibition of EGFR- and IGF-1R-expressing
H322M NSCLC tumour cells by bispecific anti-EGFR/anti-IGF-
1R antibody molecules (XGFR) and their parent antibodies

In-vitro ADCC activity of bispecific anti-EGFR/anti-IGF-1R
antibody molecules (XGFR)

Schematic structure of a full length antibody without CH4
domain specifically binding to a EGFR or IGF1-R with two pairs
of heavy and light chain which comprise variable and constant

domains in a typical order.

2
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Figure 11 Schematic structure of the four possible single chain Fab
fragments specifically binding e.g. to EGFR or IGF1-R

Figure 12 Schematic structure of a tetravalent , bispecific antibodies
according to the invention comprising a full lenght antibody
5 specifically binding to one of the two antigens EGFR or IGF1-R
and two single chain Fabs specifically binding to the other of the
two antigens EGFR or IGF1-R (scFab-XGFR molecules)
Figure 13 Bispecific antibodies according to the invention comprising a full
lenght antibody specifically binding to IGF-1R and two identical
10 single chain Fabs specifically binding to EGFR — ScFab-XGFR1
molecules A, B, C, and D and expression levels after purification
A: scFab (VH-CH1-linker-VL-CL) fused to C-Terminus of heavy
chain
B: scFab (VH-CH1-linker-VL-CL with additional VH44-VL100
15 disulfide bridge fused) to C-Terminus of heavy chain
C: scFab (VH-CH1-linker-VL-CL) fused to C-Terminus of light
chain
D: scFab (VH-CH]1-linker-VL-CL with additional VH44-VL100
disulfide bridge fused) to C-Terminus of light chain
20 Figure 14 Bispecific antibodies according to the invention comprising a full
lenght antibody specifically binding to EGFR and two identical
single chain Fabs specifically binding to IGF-1R —ScFab-
XGFR2 molecules A, B, C, and D
A: scFab (VH-CH1-linker-VL-CL) fused to C-Terminus of heavy
25 chain
B: scFab (VH-CHI1-linker-VL-CL with additional VH44-VL100
disulfide bridge fused) to C-Terminus of heavy chain
C: scFab (VH-CH1-linker-VL-CL) fused to C-Terminus of light
chain
30 D: scFab (VH-CHI1-linker-VL-CL with additional VH44-VL100
disulfide bridge fused) to C-Terminus of light chain
Figure 15 SDS-PAGE analyses of single chain Fab containing bispecific
antibody derivatives scFab-XGFR1
1: scFab-XGFR1 4720 (Not reduced)
35 2: scFab-XGFR1 4721 (Not reduced)



- VH44/VL10 XGFR1- 2421C C-terminus HC _ 5 0 3 VH44NL10 WO
2010/ 034441PCT/ EP2009/ 006782 - 55 - B) Design of tetraval ent, bispecific
<EGFR - V@B 20R038#ti bodi es with single chain Fab (scFabPCaFEPa@RONEAL
(scFab- XGFR1 and scFab- XGFR2 nonencl at ure)
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3: scFab-XGFR1 4720 (reduced)
4: scFab-XGFR1 4721 (reduced)

Figure 16 HP-SEC analyses of scFab containing bispecific antibody
5 derivatives scFab-XGFR1
Fig. 16a: scFab-XGFR1-4720; 7.7 %, Aggregates (marked within
box)
Fig. 16b: scFab-XGFR1-4721; 3.5 %, Aggregates (marked within
box)
10
Figure 17 Binding of scFab-XGFR1 and scFab-XGFR2 to EGFR and
IGFIR
Fig 17a: Biacore diagram-Binding of scFab-XGFR1_2720 to
EGFR, KD =2 nM
15 Fig 17b: Biacore diagram-Binding of scFab-XGFR1_2720 to
IGF-1R, KD =2 nM
Fig 17c: Biacore diagram-Binding of scFab-XGFR2 2720 to

EGFR, KD =0.5nM

Fig 17d: Biacore diagram-Binding of scFab-XGFR2 2720 to
20 IGF-1R, KD =11 nM

Figure 18 Scheme - Binding of scFab-XGFR to cells analyzed by FACS
competition assays with following general procedure:
--add <IGFIR> Mab labeled with-Alexa647 (1 pg/mL) +
25 unlabeled scFab-XGFR (100 pg/mL - 0,001 pg/mL )in
parallel
--45 min incubation on ice, wash & remove unbound antibodies
--fix with 1% HCHO, then FACS

30 Figure 19 Binding of scFab-XGFR 2721 and parent <IGF1R> Clonel 8 to
cells analyzed by FACS competition assays
Fig 19a: Comparison of IC50 values of <IGF-1R>Clonel8 (0,18
pg/ml) and scFab-XGFR 2721 (0,15 ug7ml)
Fig 19b: Binding curve of <IGF-1R>Clonel8 (turning point 0,11
35 pg/ml) — y-axis = RLU ; x-axis antibody concentration (pg/ml)
Fig 19¢: Binding curve of scFab-XGFR_2721 (turning point 0,10
pg/ml) — y-axis = RLU ; x-axis antibody concentration (ng/ml)



The term scFab- XGFR is used to describe the various protein entities that 5
si mul taneously recogni ze EGFR as well as | GF1R and conprise a full | enght
ant i body Wpe10fa3¢4Hl| y bi nding to one of EGFR or | GF1IR, Z0WU/EPAMYIHEFED
fragnents specifically binding to the other of EGFR or IGF1IR 1In the
foll owi ng as one enbodi nent of the investion tetraval ent bispecific

anti bodies conprising a full length antibody binding to a first antigen
(IGF-1R or 10 EGFR) with two single chain Fab fragnments binding to a second
different antigen (the other of |G- 1R or EGFR) connected via peptide

connect or t Gl 0l | | S8 AL ISR bS58 et s 0pai n Fab

fragnents a two C heavy c ain or_at the two G ternini

of the light chain) areircubation vitbdifferprt bisperibis aptidepaRpatidGd-Re 1inker in

said single chain Fab fraag[g@dg,tmg@g@eg QREeFiKGIN; ngomvgler 15in N-termnal to
Cter m nal direction: VL- I"i nker - VH- CHL. As heavy chain variabl e domain
VH for?the <l GF-1R> antlgen binding site SEQ ID NO 23 was used. As |ight

chai n vari alpigurd@rai n VDd‘vﬁfrethaml dﬂE(lmoamangGellmdﬁag%h ineulsEQnl D NO
25 was used. As heav i ab t he anti en
: : ) N)& ﬁ]B(? tvgren?élgaemﬁ%grﬁ%ﬁgﬂ tl-féF 1R ngF o g

binding site SEQ ID 20 aln varia main VL for
t he <EGFR> antigen bi nqujecs:ldzse(S&EQ}XGFRIOIOQIM)Nas used. By gene synthesis
and reconbi nant nol ecul ar bi ol ogy techniques, VL-CL and VH CHI, conprising
the VH and VL of the respective antigen binding site were |i d by a

gl yci Mt ser iFigure@2s) nGminhihition of ghegrotifesation fra P@?ﬁl\’hcﬁifbw‘fﬂi‘ aéﬁé?ﬂt VL- CL-
25l i nker - VH- CHL, whi ch wapedticaghBGERahieGE-1R itiBody snddéculddqsefubi body

heavy or |ight chain ush&&#@ﬁg} Sﬂpepti de connector. Optionally, cysteine
resi dues were introduced¥nt he™HM (i ncl udi ng Kabat position 44,) and VL

(i ncludi ng Kabat position 100) domain of the single chain Fab fragnment
accordi ng t Expecinndngald®rogedyiescri bed earlier (e.g. WO 94/029350; Reiter, 30
Y., et al., Nature biotechnology (1996) 1239-1245; Young, N.M, et al, FEBS
Letters (19 5-139; or Rajagopal, V., et al, Protein Engineering (1997)
1453- 59). [ 034441PCT/ EP2009/ 006782 - 56 - All these nol ecul es were
r econb? nant IQFSMJK:S@GCI peEGHRed GntR 2 RatibRdieY i zed and protein expression,

stability and biological activity was evaluated. A summary of the anti body
desi gns t hatThemyigeaifRl dntifodies BRidaigAdbeEGER laa &GENIR according to the invention

comprise a first antigen-binding site that binds to EGFR and a second antigen-
binding site that binds to IGF-1R. As first antigen-binding site binding to EGFR
the heavy chain variable domains of SEQ ID NO: 7 or SEQ ID NO: 8, and the light

20 chain variable domains of SEQ ID NO: 9 or SEQ ID NO: 10, which are both
derived from the humanized rat anti-EGFR antibody ICR62 which is described in
detail in WO 2006/082515, can be used.

As second antigen-binding site binding to IGF-1R comprises the heavy chain
variable domains of SEQ ID NO: 23 or SEQ ID NO: 24, and the light chain

25 variable domains of SEQ ID NO: 25 or SEQ ID NO: 26, which are both derived
from the human anti-IGF-1R antibodies <IGF-1R> HUMAB Clone 18 (DSM ACC
2587) or <IGF-1R> HUMAB Clone 22 (DSM ACC 2594) which are described in
detail in WO 2005/005635, can be used.

In all following Examples 1 to 20 the bispecific <EGFR - IGF-1R> antibodies
30 were based on the heavy chain variable domains of SEQ ID NO: 8, and the light
chain variable domains of SEQ ID NO: 10 (derived from humanized
<EGFR>ICR62) as first antigen-binding site binding to EGFR, and on the heavy
chain variable domains of SEQ ID NO: 23, and the light chain variable domains of



bi specific scFab <EGFR-1 GF-1R>, <IGF-1R-EGFR > antibodies is given in Table
5 3. For this study, we use the term scFab-Ab' to describe the various
tetraval emo 2proa3ed4m entities. A representation of the desirgreafos’ants is
shown in Figure 13 and 14 and listed in Table 3. Table 3 - The
different bispecific anti-|1GF1R and anii - EGFR scFab-tetraval ent anti body
formats with G termnal single chain Fab fragnent attachnments and the
10correspondi ng scFab- Ab- nonmencl ature. Ml ecul e Nane (ScFab- Ab- nonen-
clature foSEEbﬂEpéK)QﬁcakaBdUbdheﬁw Farhiin |aptigfGF- PRt antibddieb aclkfohB>der i ved

]IchOmOSI ngl eEHaR (IQ-P, gg?ﬁnhal c fS’?g ag STy Hnt dg&l ﬁm@ﬂgaélfésbl}{Mn ng VL: SEQ

osition ttache nti body Linker Peptid e
connec tor IGEAR dISU|fIde VH44/ VL100 stabilized scFab- XGFRL 2720 -
<| GF1R> <EGFR>

A) Design of bispecific <EGFR - IGF-1R> antibodies with scFv attachment
5 (XGFR1 and XGFR2 nomenclature which refers to scFv -XGFR molecules)

To generate agents that combine features of both antibodies, various novel
tetravalent bispecific antibody-derived protein entities were constructed. In these
molecules, recombinant single-chain binding molecules of one antibody are
connected via recombinant protein fusion technologies to the other antibody which
10 was retained in the format of a full-length IgG1. This second antibody carries the

desired second binding specificity.

A summary of the designed formats based on the human anti-IGF-1R antibodies
<IGF-1R> HUMAB Clone 18 (DSM ACC 2587) and the single chain Fv (scFv)
binding to EGFR derived from the heavy chain variable domain (VH) of SEQ ID
15 NO: 8, and the light chain variable domain (VL) of SEQ ID NO: 10 is shown in

Figurc 1 and listed in Tables 1 and 2.

By gene synthesis and recombinant molecular biology techniques, the heavy chain
variable domain (VH) of SEQ ID NO: 8, and the light chain variable domain (VL)
of SEQ ID NO: 10 were linked by a glycine serine (G4S)n single-chain-linker to
20 give a single chain Fv (scFv) binding to EGFR , which was attached to variable
positions at either the N- or C- terminus of the anti-IGF-1R antibody <IGF-1R>
HUMAB Clone 18 (DSM ACC 2587) light or heavy chain. In addition, cysteine
residues were introduced at various positions in the VH (including Kabat position
44.) and VL (including Kabat position 100,) domain of the scFv binding to EGFR
25 as described earlier (e.g. WO 94/029350; Reiter, Y., et al., Nature biotechnology 14
(1996) 1239-1245; Young, N., M., et al., FEBS Letters Vol. 377 (1995) 135-139;
or Rajagopal, V., et al, Protein Engineering Vol. 10 1453-59 (1997). Subsequently,
protein expression, stability and biological activity was evaluated. Furthermore, the
(glycined4—serine)n-containing peptide-linker length between the C-terminus of
30 heavy or light chains of the <IGF1R> antibody and the scFv binding to EGFR was
varied. Also, the length of the glycined-serine (G4S) single-chain-linker that is an
integral part of the single-chain Fv module binding to EGFR has been varied. All
these molecules were recombinantly produced, purified and characterized. A

summary of all bispecific antibody designs that were applied to generate tetravalent



8,10,23,25 ermnus Ichain (4S)6GG (AS)2 NO scFab- XGFR1 2721 - <IGF1R>
<EGFR> 8, 10,23,25 ermnus Ichain (&4S)6GG ((4S)2 YES scFab- XGFR1_4720
<| GF1R> JFCRR/B4440, 23,25 _ erm nus chain PCT/EP2009/006782

-52-

bispecific <EGFR-IGF1R> antibodies is given in Tables 1 and 2. For this study, we

use the term ‘XGFR’ to describe the various protein entities that simultaneously

recognize EGFR as well as IGFIR and comprise a full lenght antibody specifically

binding to one of EGFR or IGF1R; and two scFv fragments specifically binding to
5 the other of EGFR or IGF1R.

Table 1 — The different bispecific <EGFR-IGF1R> antibody formats with N- and
C- terminal scFv attachments and the corresponding XGFR1-nomenclature and
XGFR2- nomenclature.

10 The XGFR1 formats are based on a) the human anti-IGF-1R antibodies <IGF-1R>
HUMAB Clone 18 (DSM ACC 2587) and b) two single chain Fv (scFv) binding to
EGFR derived from the heavy chain variable domain (VH) of SEQ ID NO: 8, and
the light chain variable domain (VL) of SEQ ID NO: 10, which are linked to the
same terminus (C- or N-terminus) of either the heavy chain (HC) or the light chain
15 (LC) of anti-IGF-1R antibodies <IGF-1R> HUMAB Clone 18.

- - T N

In the XGFR2 formats are based on a) the vanabie regions VH (SEQ ID NO: 8)

and VL (SEQ ID NO: 10) of humanized rat anti-EGFR antibody ICR62 and b) two

single chain Fv (scFv) binding to human anti-IGF-1R antibodies <IGF-1R>

HUMAB Clone 18 (DSM ACC 2587) VH (SEQ ID NO: 23) and VL (SEQ ID NO:
20 25) of anti-IGF-1R antibodies <IGF-1R> HUMAB Clone 18.

An “-* in the table means “not present”

Cys-Positions

. . ‘e Peptide- .
MoleculeName| Linking position of | _. . . in the
XGFR- scFv to the full l?:ll(gel:-(c(l;:;): [linker(G4S)n| disulfide
nomenclature | length antibody n= stabilized
n= scFv
anti-IGF-1R
antibody <IGF-
1R> HUMAB ) i i )

Clone 18




(A45)6GCG (AS) 2 NO scFab- XGFRL 4721 <I GF1IR> <EGFR> 8, 10, 23, 25 er m nus
chain (4S)6GCG ((AS)2 YES scFab- XGFR2 2720 - <EGFR> <I GF1R> 8, 10, 23, 25

erm nus INB20W/03848) 6GC (AS) 2 NO PCT/EP2009/006782
-53-
. Cys-Positions
MoleculeName| Linking position of Single-chain- li ieptg:é in the
XGFR- ScFv to the full [ el P“‘ er(GASIN  gisulfide
nomenclature | length antibody n= stabilized
n= scFv
humanized rat
anti-EGFR
antibody
ICR62 with ) i ) )
VH of SEQ ID
NO: 8, and VL
of SEQ ID NO:
10
XGFR1-2320 C-terminus HC 3 2 -
XGFR1-3320 N-terminus HC 3 2 -
XGFR1-4320 C-terminus LC 3 2 -
XGFR1-5320 N-terminus LC 3 2 -
XGFR1-2321 C-terminus HC 3 2 VH44/VL100
XGFR1-3321 N-terminus HC 3 2 VH44/VL100
XGFR1-4321 C-terminus LC 3 2 VH44/VL100
XGFR1-5321 N-terminus LC 3 2 VH44/VL100
XGFR2-2420 C-terminus HC 4 2 -
XGFR2-2421 C-terminus HC 4 2 VH44/VL100
XGFR2-3421 N-terminus HC 4 2 VH44/VL100
XGFR2-4421 C-terminus LC 4 2 VH44/VL100
XGFR2-5421 N-terminus LC 4 2 VH44/VL100




scFab- XGFR2 2721 -

<EGFR> <| GF1R> 8, 10, 23, 25

erm nus Ichain (4S)6GG

(&A5) 2 YES scFab- XGFR2_4720 <EGFR> <I GF1R> 8, 10, 23,25 erm nus chain
(AS) 6GG WoAB)0A3MNA1scFab- XGFR2 4721 -

-54 -

PCT/EP2009/006782

Table 2 — XGFR1 bispecific antibodies with variable single-chain-linker and
peptide-linker length. An “-* in the table means “not present”.

Molecul| Linking (g, o | Single- Jp o ige | Peptide- Cys-
eName | position of . chain- . . Positions in
chain-linker| .. linker linker .
XGFR- |scFv to the (G4S)n linker (GaS)n | (G3S)n the disulfide
nomencl | full length n= (G3S)n n= n= stabilized
ature | antibody n= scFv
XGFR1-| C-terminus 4 5 VH44/VL10
2421 HC 0
XGFR1-} N-terminus 4 5 VH44/V1.10
3421 HC 0
XGFR1-| C-terminus 4 5 VH44/VL10
4421 LC 0
XGFR1-I N-terminus 4 5 VH44/VLIO
5421 LC i 0
XGFR1-] C-terminus 4 5 VH44/VL10
2451 HC ) 0
XGFR1-] C-terminus 4 5 VH44/VL10
4451 HC ) ) 0
XGFR1-| C-terminus s 3 VH44/VL10
2421C HC 0

Examples 1 to 8 refer to the tetravalent XGFR1 and XGFR2 molecules with scFv
5 attachment




<EGFR> <I GF1R> 8, 10, 23,25 ermnus Ichain (45)6GG (AS)2 YES WO

2010/ 034441PCT/ EP2009/ 006782 - 57 - Exanples 9 to 13 refer to the

tetraval ewO 200RBIMIXG-RL and scFab- XGFR2 nol ecul es wi t h 2CHFIPR00SIOG7R2 Fab
attachnments) Materials & general nethods General information regarding the
nucl eotide sequences of human 5 imuBesgl obulins Iight and heavy chains is
given in: Kabat, E. A, et al., Sequences of Proteins of |nmunol ogical
Interest, 5th ed., Public Health Service, National Institutes of Health,
Bet hesda, BDDeti2dbf tethavalentabispscific <HGFRodGFchBr natihpdies withesingleand

f d
ncad, oo . AT QB G EHEREE AR SOERTARA S XEERE cbs of Protel ns

of 10l munapmgnelatuneht erest, 5th ed., Public Health Service, National
Institutes of Health, Bet hesda, VD, (1991). Reconbi nant DNA techni ques
St andar d meo@ﬁnw@mb%@mzt;s 5| lehﬁsm@\léheasladess:r}irb&m ientiGesrithatok, J. |

et al., I\/bleclar oni n rat or dS
Labor%toryS‘lﬂF ?§e°“f CHFEE F.#Gp%a?sb&eﬁ ﬁem ?ﬁ%‘? IRQ din@lrlgg tar
bi ol ogi cal aniitegigrspscifiealty biadthgaoone oif EHRR ot HGF HrandawtouscEab ragmentsuct i ons.

Gone. SNt e i Oy ol S Yie SRPBREGRRESACRTRPAr o0 from ol i gonucl eot i des

In the following as one embodiment of the invention tetravalent bispecific

antibodies comprising a full length antibody binding to a first antigen (IGF-1R or
10 EGFR) with two single chain Fab fragments binding to a second different antigen

(the other of IGF-1R or EGFR) connected via peptide connector to the full length

antibody ( either both single chain Fab fragments at the two C-termini of the heavy

chain or at the two C-termini of the light chain) are exemplified. The antibody

domains and the linker in said single chain Fab fragment have the following order
15 in N-terminal to C-terminal direction: VL-CL-linker-VH-CHI.

As heavy chain variable domain VH for the <IGF-1R> antigen binding site SEQ
ID NO: 23 was used. As light chain variable domain VL for the <IGF-1R> antigen
binding site SEQ ID NO: 25 was used.

As heavy chain variable domain VH for the <EGFR> antigen binding site SEQ ID
20 NO: 8 was used. As light chain variable domain VL for the <EGFR> antigen
binding site SEQ ID NO: 10 was used.

By gene synthesis and recombinant molecular biology techniques, VL-CL and VH-
CH1, comprising the VH and VL of the respective antigen binding site were linked
by a glycine serine (G4S)nGm linker to give a single chain Fab fragment VL-CL-

25 linker-VH-CH1, which was attached to the C- terminus of the antibody heavy or
light chain using (G4S)n peptide connector.

Optionally , cysteine residues were introduced in the VH (including Kabat position
44) and VL (including Kabat position 100) domain of the single chain Fab
fragment according to techniques as described earlier (e.g. WO 94/029350; Reiter,

30 Y., et al., Nature biotechnology (1996) 1239-1245; Young, N.M., et al, FEBS
Letters (1995) 135-139; or Rajagopal, V., et al, Protein Engineering (1997) 1453-
59).



synthesis. The 600 - 1800 bp | ong gene segnents, which are flanked by
singular 20 restriction endonucl ease cl eavage sites, were assenbl ed by
anneal i ngwendidadgatti on of ol i gonucl eoti des i ncl udi ng PCRCampRéobioees: on and
subsequently cloned via the indicated restriction sites e.g. BanmHUBstEl L
BanHUBsi W, BstElII/Notl or Bsi WUNotl iFB6e a pcDNA 3.1/ Zeo(+) (Invitrogen)
based on a pUC cl oni ng vector. The DNA sequences of the subcl oned gene
fragments were confirnmed by DNA 25sequenci ng. Gene synthesis fragnents were
ordered accal dhesg maegilesewersprscorhibinantly producedopyefied apkehaasistzed ankr many) .
DNA sequen ] [ i 1 : RV MR 20094@086782 - 58 - DNA and
protein seéﬁg%gggﬁgﬁg%f g%kﬁ%gﬁg}}%ﬁ%ﬁ@mnggemm The GCG s (Genetics
Comput er Group, Madison, Wsconsin) software package version 10. nd

| nvi t r ogensAVaEBaryNTt theq gatHody sdgsians  iBps G QPHl“%aEO @gré‘ﬁatf’otte}rg‘éaaffgnce
creation, epRciit soRABESIFR-IGAB>aKIGR- I®BGFR mahtibddianis ghdal in Table ur e

techniques Standard cell culture techni gues we use i in
Currenrt Pr o:fs ol?(f)dlq 15 Sr‘iu(g'elwe %?eofﬁSS‘f'/mE 25836&,/&8&8 i 4‘%& _neogle?‘%l%g? %ttﬁ’gfsé{)l{ M,
Har f ord, J.profin eititjgpi AcepreseBtatmoarf the designah forvmtseid shown in Figugebkand John

Wley & Son |gﬁ|§ F T apgient expression of i munogl obulin variants in
HEK293F cel f4sa %d ]%i spltlaeg?fi c anti bodi es were expressed by transient

transfecti f hunan r i ney. | ] 5 st | eTM
203 Expr esel Be sy st ok SURGHD HEPE ot A-ROR S0 Ard MEFRAGHIE R RAY
(1 nvi t r ogenantiyddy forBidteitli, C-Sieamanb siaplerstaaSFyl &anaRAtfachabhts and rtee
cultivated in FreeStyl eTM 293 Expression nediumat 37C/8 % CO2 and the
cel | d0ver e enseegpending seFabifbrpemenalafirea density of 1-2x106 15 viabl e
cells/m on the day of transfection. The DNA293fecti nTM conpl exes were

prepared i muent e VEN, R (VE%ABIE O Eltiof:k%\)nldéﬁ'n pid jcFhb OF

293f ect i nTrRy{ nYy) ains Oobéink fheavy a d |1 gpbuieif@d n
pl asm d DN/ : HABbady [Fab! O fIOf #ha25kndkn fipal transinaedfvagsyol ume.
Bi speci fi ¢ |aNhlR00y RheO3hOlgmeRd VLESEQU[FabSUPEF nat ant geoper fguitied 7
days after |f) i8dd T[HIRO ONladthci@1H000 g flor 3dseabingdaps and
filtration [parouah algsheri | Brohd | t (0. 22kpm . Supernat gnts re stored at
-20 C until Lcaf . P otein |[det er m Ratibeyy [The protjei n doncent jation
of purifieq—anmtToodrgs anmd—@erTvatjr ves wag._deterfi ned by detgrm ning the
opt rcal - derksing- (0D)[5¢, deol o 4 e Ot RomER esszihbackafouns
correcti on,XGﬂMgZ'ltZﬂg?érmll ar| extindt’i on ’coﬁ} H;ﬁ e t‘@f’al cy ét%c on the¢ basis
of the am re—ae+e—septence—pecording—to e CN———<et—a—; T
Sci ence, 4 Kc¥Fap5) 24|L]1- 3 L entr at drarenal Een |
super nat ant XGFRI_Z721FL}G§]%{2> <Eé%k Q,qé{ﬂg,%] er:;?;l:ls (84%)6 ((ﬂ‘bﬂ
[scFab -
N i $)GG [(G4S), INO
XGFR1_4720 <IGF1R> [KEGFR> [8,10,23,25 fr:;l;?zs (G4S)s (G4S)2
cFab c-
N i S$)GG [(G4S), |YES
XGFR1 4721 <IGF1R> |<EGFR> [8,10,23,25 ﬁfrcrggilgs (GaS)s (G4S),
[scFab- .
$)%GG [(G4S), [NO
XGFR2_2720 <EGFR> [<KIGF1R> [8,10,23,25 Erg}lﬁﬁs (G4S)6 (G4S),
[scFab- .
S)sGG |[(G.S), [YES
XGFR2_2721 <EGFR> [<IGF1R>8,10,23,25 Eer(r:rllllarrls (G4S)s (G4S):
scFab c-
| Ny i G4S)sGG |(G.S), [NO
XGFR2_4720 <EGFR> KIGFIR>[8,10,23,25 ;fl;l’;llilrilrllls (G4S)s (GsS), [N
iscFab c-
N i G4S)sGG [(G.S), [YES
XGFR2_4721 <EGFR> KIGFIR>[8,10,23,25 I;fx;r{ll;rillllls (GaS)s (GaS),




The concentration of antibodies and derivatives in cell culture

supernat ants was 30neasured by affinity HPLC chronmat ography. Briefly, cell
cul ture sWpepraBais cont ai ni ng anti bodi es and deri vat i PEZ/EPR/ORG7AA t O
Protein A were applied to an WD 2010/ 034441PCT/ EP2009/ 006782 - 59 -
Applied Bi osystems Poros A/ 20 colum FA7200 mM KH2PO4, 100 nM sodi um
citrate, pH 7.4 and eluted fromthe matrix with 200 nM NaCl, 100 nMcitric
acid, pH 2,5 on an UtiMate 3000 HPLC systeml:(@? onex). The eluted protein
was quanti fExanies YvtabSorefande thedtetraydgitass GFBéaR“‘hrséﬁ%b XLk ﬂ&’l fied

standard 5! gGlL-ap! WRAGhREEMEIF AP attachindp@pr d. Protein purification The
secreted anti bodies were purified fromthe supernatant in two steps by

affinity chuaifiaRak gattraluéthgd$r ot ei n A- SepharoseTM (GE Heal thcare, Sweden)
and Superdex200 size exclusion chromatography. Bri efly, t he bispecific and

trispecific.10 gnt cont ai n clarifie tur rnata

aplpl :OedI oln Gengr raL q%l%elt@nnA ‘I?ﬁgl“?gg 1:o|fm(gie&LH U|ul b ?ed \%1&"[ Eﬂ%%%?buf fer
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DNA sequence determination

DNA sequences were determined by double strand sequencing performed at

Sequiserve GmbH (Vaterstetten, Germany).
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a 1:1 nolar Pfogéelin(r;g%gl %mréa m final transfection volune. Bispecific

anti body containing cell culture supernatants were clarified 7 _dags after
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clarified c 3? u natants were applied on a H Trap 20 Protei nA HP (5
m) colum equilibrated wwth PBS buffer (10 nM Na2HPO4, 1 mM KH2PO4, 137 niM
NaCl and 2. Antibbédydoncphirgtian detexrhimatian i sHperpaiaRiér e washed out with
equi libration buffer. The bispecific antibodies were eluted with 0.1 M
cit { at Ie' bu‘:jfl“ﬁ_é icgﬁ&'én%‘aﬁon %‘f'@nﬁb_@di@i Qﬁ&g@gcﬁgﬁ@iﬂb@ﬁ cfu'ltlafel 3 dﬁfﬂt@ was
neutralized w . iS, . 5. , e eluted protein
fractibns m@ﬂéS‘HB‘glb@dg}ﬁéﬁﬁyéﬁ‘paF@'gm??gﬁW' iﬂw i c,°8ﬁ (fb}t]'tuf% SERAP# PP S gal
filter devi genthiMigQuntdddies Mdl dérpatiegs that dindotouBmteh A were apdlitbaded on a
Super dex200 Hi Load 120 ml 16/60 gel filtration columm (GE Heal t hcare,
Sweden) equilibrated with 20mM Hi stidin, 140 nM NaCl, pH 6.0. Mononeric

anti body fractions were pool ed, snap-frozen and stored at - 80C. Part of
t he sanpl es were provided for subsequent protein analytics and



30characterization. XGFR1-2320 had a final yield after purification of 0.27
ng whereas XGFR1-2321 had a final yield of 13.8 ng. WO

2010/ 034 0ORCIVIBRADO9/ 006782 - 62 - Exanple 2 Stabilit PCOEPRISOECBE | C
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chr omat ogr aphy anal ysi s was perforned-Fhe aggregate content of bispecific
anti body sanpl es was anal yzed by high- 5 performance SEC on an U ti Mate
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of reduced ¥ SShEd Hsan a&ht and heavy chains was verified by
NanoEl ectrospray Q TOF mass spectronetry after renoval of N-glycans by
enzymati c tPwadinpatificatidn Pept i de- N- G ycosi dase F (Roche Ml ecul ar

15Bi ochem cal s). HP-Si ze excl usi on chromat ography analysis of the purified
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anti bodi es WElume o m an</i (I)geﬂfigé %ﬁ%-rélllzgezrgex%/OB%ioad 12 1 16/60 gel filtration
column (GE Healthcare, Sweden) equilibrated with 20mM Histidin, 140 mM NaCl,

pH 6.0. Monomeric antibody fractions were pooled, snap-frozen and stored at -

20 80°C. Parts of the samples were provided for subsequent protein analytics and

characterization.
Analysis of purified proteins

The protein concentration of purified protein samples was determined by
measuring the optical density (OD) at 280 nm, using the molar extinction
25 coefficient calculated on the basis of the amino acid sequence. The purity of the
bispecific antibodies were analyzed by SDS-PAGE in the presence and absence of
a reducing agent (5 mM 1,4-dithiotreitol) and staining with Coomassie brilliant
blue. The NuPAGE® Pre-Cast gel system (Invitrogen, USA) was used according to
the manufacturer’s instruction (4-20% Tris-Glycine gels). The aggregate content of
30 bispecific antibody samples was analyzed by high-performance SEC on an
UltiMate 3000 HPLC system (Dionex) using a Superdex 200 analytical size-
exclusion column (GE Healthcare, Sweden) in 200 mM KH;POy4, 250 mM KCl, pH
7.0 running buffer at 25°C. 25 g protein were injected on the column at a flow

rate of 0.5 ml/min and eluted isocratic over 50 minutes. For stability analysis,
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Average protein yields were between 1 and 36 mg of purified protein per liter of

cell-culture supernatant in such non-optimized transient expression experiments

(Figure 3). Non-disulfide stabilized constructs with C-terminal fused scFvs at the

25 light (XGFR-4320) or heavy chain (XGFR-2320) showed higher amounts of
recovered protein of desired size after protein A purification than N-terminal

attached scFvs (XGFR1-3320 and XGFR1-5320).

HP-Size exclusion chromatography analysis of the purified proteins showed
(compared to ‘normal’ IgGs) some tendency to aggregate for molecules that
30 contained scFvs that were not stabilized by interchain disulfides between VH and
VL. To address the problems with aggregation of such bispecific antibodies,
disulfide-stabilization of the scFv moieties was applied. For that we introduced
single cysteine replacements within VH and VL of the scFv at defined positions
(positions VH44/VL100 according to the Kabat numbering scheme). These

35 mutations enable the formation of stable interchain disulfides between VH and VL,
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which in turn stabilize the resulting disulfide-stabilized scFv module. Introduction
of the VH44/VL100 disulfides in scFvs at the N- and C-terminus of the Fv lead to

an improvement in protein expression levels for all constructs (see Figure 4).

The bispecific antibodies were expressed by transient transfection of human

5 embryonic kidney 293-F cells using the FreeStyle™ 293 Expression System
according to the manufacturer's instruction (Invitrogen, USA). Briefly, suspension
FreeStyle™ 293-F cells were cultivated in FreeStyle™ 293 Expression medium at

37°C/8 % CO, and the cells were seeded in fresh medium at a density of 1-2x10°

viable cells/ml on the day of transfection. The DNA-293fectin™ complexes were

10 prepared in Opti-MEM® I medium (Invitrogen, USA) using 333 pl of 293fectin™
(Invitrogen, Germany) and 250 pg of heavy and light chain plasmid DNA in a 1:1

molar ratio for a 250 ml final transfection volume. Bispecific antibody containing

cell culture supernatants were clarified 7 days after transfection by centrifugation at

14000 g for 30 minutes and filtration through a sterile filter (0.22 pm).

15 Supernatants were stored at -20° C until purification.

The secreted antibodies were purified from the supernatant in two steps by affinity
chromatography using Protein A-Sepharose™ (GE Healthcare, Sweden) and
Superdex200 size exclusion chromatography. Briefly, the bispecific and trispecific
antibody containing clarified culture supernatants were applied on a HiTrap
20 ProteinA HP (5 ml) column equilibrated with PBS buffer (10 mM Na,HPO,, 1 mM
KH,POy4, 137 mM NaCl and 2.7 mM KCI, pH 7.4). Unbound proteins were washed
out with equilibration buffer. The bispecific antibodies were eluted with 0.1 M
citrate buffer, pH 2.8, and the protein containing fractions were neutralized with 0.1
ml 1 M Tris, pH 8.5. Then, the eluted protein fractions were pooled, concentrated
25 with an Amicon Ultra centrifugal filter device (MWCO: 30 K, Millipore) to a
volume of 3 ml and loaded on a Superdex200 HiLoad 120 ml 16/60 gel filtration
column (GE Healthcare, Sweden) equilibrated with 20mM Histidin, 140 mM NacCl,
pH 6.0. Monomeric antibody fractions were pooled, snap-frozen and stored at -
80°C. Part of the samples were provided for subsequent protein analytics and

30 characterization.

XGFR1-2320 had a final yield after purification of 0.27 mg whereas XGFR1-2321
had a final yield of 13.8 mg.

Exemplary SDS-PAGE and HP-Size Exclusion Chromatography (SEC)
purification and analysis of bispecific antibodies is shown in Figures 3 and 4.



5421 3 nM 2nM <EGFR> ICR62 3 nM n.d <I G--1R> HUMAB- C one 18 n.d. 5nM WO
2010/ 034441PCT/ EP2009/ 006782 65 - Exanple 4 Downregul ation of EGFR- as
wel | as |IVEPRRI0/U3y44ibi speci fic <EGFR- | GF1R> anti body XGFRECEHPe@yloesssThe
human anti- | G- 1R anti bodi es <l G- 1R> HUMAB Cl one 18 (DSM ACC 5 2587)

i nhi bits | GFR1-signaling and the humanri62ed rat anti-EGFR anti body

<EGFR>I CR62 i nhibits the signaling by EG-R To eval uate the potenti al
inhibitory activity of the different XG-Rl variants, the degree of

downr egul atExample 2 he receptor from both was anal yzed. In order to
detect eff e%,gkm? of BRpedhit REGFRIGIRS RY@HSdyRGFRT MBIRIRYH vitho | GF- |
10receptor (I G—-TR) |H tunor cells, tinme-course experinents and subsequent
ELI SA analysis with |G- 1R and EGER specific antibodi es were perfornmed.
Human t umorHBSireexclgiog c 2°'?at£’65apé’(¥lal"§f"ﬁ‘is)waF REEPIREVUM nedi um (PAA, Cat. No.
E15- 039) supplenmented with 1% PenStrep in one 6 well plate and was

i nnocul at edThe aggregate content of bispecific antibody samples was analyzed by high-

5 performance SEC on an UltiMate 3000 HPLC system (Dionex) using a Superdex
200 analytical size-exclusion column (GE Healthcare, Sweden) in 200 mM
KH,PO4, 250 mM KCI, pH 7.0 running buffer at 25°C. 25 pg protein were injected
on the column at a flow rate of 0.5 ml/min and eluted isocratic over 50 minutes.
For stability analysis, concentrations of 0.1 mg/ml, 1 mg/ml and 5 mg/ml of

10 purified proteins were prepared and incubated at 4°C, 37°C and 40°C for 7 or 28
days and then evaluated by high-performance SEC. The integrity of the amino acid
backbone of reduced bispecific antibody light and heavy chains was verified by
NanoElectrospray Q-TOF mass spectrometry after removal of N-glycans by
enzymatic treatment with Peptide-N-Glycosidase F (Roche Molecular

15 Biochemicals).

HP-Size exclusion chromatography analysis of the purified proteins under different
conditions (varying concentration and time) showed - compared to normal IgGs-0 a

greatly increased tendency to aggregate for molecules that contained scFvs.

For this work, we define desired ‘monomeric’ molecules to be composed of 2

20 heterodimers of heavy and light chains- with scFvs connected to either of both.

In contrast to the strong aggregation tendency of entities that contained unmodified
scFvs, HP Size exclusion analysis of the VH44/VL100 disulfide stabilized

constructs showed much less tendency to aggregate.

Exemplary HP-Size Exclusion Chromatography (SEC) purification and analysis of

25 bispecific antibodies is shown in Figure 4.

Example 3
Simultanous binding of bispecific <EGFR-IGF1R> antibody XGFR1molecules

to the RTKs EGFR and IGFIR

The binding of the scFv modules and of the Fvs retained in the IgG-module of the
30 different bispecific antibody formats were compared to the binding of the

‘wildtype’ IgGs from which the binding modules and bispecific antibodies were



with 4 m cells in the respective nmediumfor each experinent and cultivated
for 24 15hours at 37C and 5% CQ2. The nedi um was carefully renoved and

repl aced W0 281034401 ng/ M XGFR anti bodi es di |l uted i n RPNVIIAVRONOUM76IN | n
three control wells, nediumwas replaced by either medi umw t hout anti body,
mediumwi th a control antibodies (<I GF6i1R> HUVAB C one 18 and <EG-R>I CR62
final concentration 0.01 20ng/mM ) and a well containing only buffer. Cells
were incubated at 37C and 5% CO2 and individual plates were taken out for
further praleeived.itheaé nealy®4 waracarrietmat hudnpplymmguré@geé?leﬁm@ ResangBer by

aspiration e gd with Il PBS. 300 1.11/well of cold
MES- | ysi s b@%&aﬁgﬁgg (?}\/E%wlo nv Na3vo4, and C0an et e(r) pr ot ease

inhibitor). The cells Were det ached usi n?%/a ?«éﬁ’ er. %COI’I’]I n Cat .
No. 3010) aHee hinding@rapegissthasnesificrantisiGl FRA@NY p‘i esr%%{ P~ dibes.
Cel I fragmegyt surfilRe @ldsRivResbralce (SAR)I tEﬁgﬁldg@msirfga Blacota Tl @6 irstrufi@600 r pm
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Assay kit (P| rce t he

concent I’atlm %é%e‘ﬂﬁ' %“t #s -C'flé Blgldbu g%gg}&%&?gaﬁ@?ﬁﬁ V\A&t 100 nmv
Na3vod 1: 101heam§s (ﬁmnq;alses,a(ca)sepfdtsmmanthemaESﬂleC!LeaE@? and 100 p.1 per well
of the lysate was added to the pre-prepared MIP. 10A second cell |ysate
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0. 1% Tween(1:)20msahiret i @ﬂ oThe MetEiCﬁyd@dm)aﬁédnlnﬁﬂ&'ef(andECFR wsls Be@N- EGFR

goat bi ot| Iate ant 0 a.,15 ¢ aty 1:180
in PBS, 3 ga‘Bm? ?ﬂ%‘eﬁ l}yéfflrb(l(g ? #f tgP we%o 5991/0’51# gﬁ’lﬁcubat ed
at RT for ZIgG)mtﬂaod/yMBSaquel:tad |1mmd1ifmeacMﬁt% mHsS 9 her) we/sHewhichresultedigs with
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ant i body wad en a aV| A and 0.2%
TweeriZ(Or) 20 trededlin peg syme |waafnbmi withbyshesle uftsrsoenly gnstsad 9h th%rca@tenﬂg nut es
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2S04 and | Q(():nuc%n rAtion be?ween { (tl% M%omh%"ﬁéﬁR%Cﬂmdﬂf'f a5 G WRARGEnYAS

nmeasur ed at
25 IGF-1R interaction. EGFR-ECD was injected at increasing concentrations of 3.125,

6.25, 12.5, 25, 50 and 100 nM, IGF-1R at concentrations of 0.21, 0.62, 1.85, 5.6,
16.7 and 50 nM. The contact time (association phase) was 3 min, the dissociation
time (washing with running buffer) 5 min for both molecules at a flowrate of 30
pl/min. All interactions were performed at 25°C (standard temperature). The
30 regeneration solution of 3 M Magnesium chloride was injected for 60 s at 5 pl/min
flow to remove any non-covalently bound protein after each binding cycle. Signals
were detected at a rate of one signal per second. Samples were injected at

increasing concentrations.

Exemplary simultaneous binding of an bispecific antibody to EGFR and IGFIR is
35 shown in Figure 5.



25450nm For | G- 1R detection The streptavidin-MP (Roche ID. No.:
11965891001) was prepared by adding 100 p.1 per well of the antibody

AKla- Bi otWORDHNSdH44 Genmab, Denmar k) whi ch was dil uted 1PEUEPRIVIPBES2 3VBSA
and 0. 2% Tween20. The streptavi di n-MIP was 30i ncubated for 1 hour at RT
with agitation and then washed three tbdres with 200 gl per well of PBS with
0. 1% Tween820 solution. WD 2010/ 034441PCT/ EP2009/ 006782 - 67 - 0.04 ngy/m
with 50mM Tris pH 7.4, 100 mM Na3VvO4 1: 100 and Conpl ete(r) protease

i nhi bi tor 1T&le dndAfifiGtied (Ki¥rofibdspecific antibodigs@f CFRasongadature to he

pr e- prepar r i«§i n-MIP. A second cell |ysate concentration was used
at 0.02 ng?%ﬁ%ﬁgaltlégalﬁa was dilute and 5 100 pi was added per well to the

pr e- pr epared—streptavidin=—MP—The positive roj ¢ aj. nin

unst i mul atjed Malpewle wos K& yajue dAtEnity obEFR) yalysr@Ad '“%ﬁ‘b?ﬂ@fﬁ)ed With
50mMM Tris |pH 7.4, 100 oM Na3VQ4A 1:100 and Cophplete(r) proteaseinhibitor

1: 20 and 100 | A per well of the |ysate was afded to thenpe-prepared
streptavi di n- RIEor| the negatq ¥ control 1DO Il lysis buffer was added
10to the |1 2321t he [streptavidin-MIP. The MIP were incubated for a further
1 hour at RT with agiftation and then washed B times wwth PBS with 0.1%
Tween(r) 20tsolution—The-detection—antibedyfor+a—iRwas—huran—1+G— 110

rabbit antij bd\finRSSantZJa Cruz Biotechnol ogy, Cat. No. sc- ) diluted 1:750
in PBS, 3%BSA 0.2% 15 Tweeré?*)ggo. 100 11| per well added and

i ncubat ed jat or 1 hour with agitation. The MIP was then washed three
ti mes w t h266—+tHH——rper—wetrt—of PBSwth—0-1% TweenzO—sof ution.  The

secondary pntXGBRY- wals t hen addﬁg abbit 1gGPOD (Cell gjgnaling Cat.| No.
7074) 1:4000 isABS, BY¥BSA and 0. 2% Tween(r) R0, 100 pi was added per |wel |
and incubafed with agitation for 1 hour at RI. The plate 20 was then|washed
Six tinmes wtir EE{\I» Wth 0. 1% Tween(r )20 solujiron. 100 pi per well of
3,3 -5,5 - TetYakBdnyl penzi di n (Rpshe. BMBlue I D-No.: 1344581) was added
and incubat ed 3491 20 |minutes at RT with agitation. The col our reactigon was
stopped by| adding 25 [lal per well of 1M H2SO4 and incubating for a further
5 mnutes pt Rlgpihe jabsorbance was neasuredjat 450nm 25The resultsjof the
recept or dovvnregll}l atipn detecti®awy the bispecific ant nbabdi es XGR
conpared tb thé3Yarent nonospecific antibodi ¢s <EGFR>I CR62 and <I GF1R>
HUVAB- Cl onp 18 in A540 cells is shown in Figure 12. The bhispecific
anti bodi es| XGtRrgqunr egul ate both EGFR- as wel|l as the | GF1IR Surprigingly
t he bispec|fic antibodi es XGFR, 3aMwed an i nproved down$aMul ati on EGHR
conpared 3pto #4d parent <EGFR>I CR62 anti body. Exanple 5

1%

XGFR1-

4 nM n.d.
5321
XGFRI- 3InM 2nM
5421
< >
EGFR IinM n.d
ICR62
<IGF-1R>
HUMAB- n.d. SnM

Clone 18




Inhibition of EGFR- as well as | GF1R- signaling pathways by bispecific
<EGFR- | GF1R> anti body XGFR1 nol ecul es WD 2010/ 034441PCT/ EP2009/ 006782 - 68
- The huris 281a3444G-- 1R ant i bodi es <l G-- 1R> HUVAB C one PC3/EPDBNMOACE2 2587)

i nhibits | GFR1-signaling and the humani zed rat anti-EGFR anti body | CR62
inhibits the signaling by EGFR. To evakbate the potential inhibitory
activity of the different XGFR1 variants, the degree of inhibition of
signaling towards both 5pat hways was anal yzed. Human tunor cells (H322M 2
x 105 cel | sExgmplerd RPM nedi um (PAA, Cat. No. E15-039) supplenented with 1%
PenStrep i N ] a A < | >t he
respecti verbng‘g:ﬁﬁ%uﬁwnegtﬁtg}gerg? \err%?ilt éﬂﬁgﬁgil}l ?’?\%&%mgr @&ﬂﬁgﬁ?‘sﬂg 37C
and 5% CO2.ankibpidy XeHRImolgeulesr ef ul |y renpved and repl aced by 2nml 0.01
ng/ M XGFR antibodies diluted in RPM-VM nmedium In three control wells,

rred![ urnI WaStTl?aOh_aﬁﬁﬁi &F-I@Rhﬂraxﬂibdgiégw hmébt }ﬁgMAtEE)G:C@le?érﬂai L?SM AlcG
contral an ies. (<I Gk ) one an i
conceﬁtratiiﬁc}g.’@?}1 /ﬁlj&ﬁ@n%ﬁn%@m “maﬁbzegnw BIFFSFR @%ﬁ})gd%\ere

i ncubat ed atEGFE>HCRGS%mAHEE than dignaling i guHGER.afles eweluatet dliee rpotentiaf or
further processin . er 3 o] i -bon The
nosor () TERERRARadE o he MR, KATRT TARDSR A Bluigkgaioon 00

The pl at es afhergseptonfreth toth sias analiiged he Phospho EGF R capture anti body
(Cat. No. 841402) to a concentration of 0.8 ig/m. 100 RL per well of the

MIP was ZO%S&geﬁ %edd@écﬁte?fe@@%_f&ﬁ@hﬁt%oﬂgcbfitﬁﬁ mlmle@h @MQhélh%bgntac_Sf E'F"B ghel |
capture anti body was then aspirated and each well was washe [
wash 18uf f erregePto ol ip tymer F%ESngleb‘fQu’fs.equ'P.eﬂméﬁES %S.S“aiﬁ%ﬁw ]lg’ﬁﬁd times
after the fimadlsisvashIGFAR dndEGFRsgecific altbadicpsper parfossied. The pl ates were
bl ocked by adding 300 tl of blocking buffer (1% BSA, 25 0.05%N\aN3 in PBS pH

7.2-7.4) and incubafi a2 .- S i h irated
and each V\Bﬁ m&}égu %rsﬁegla%}\;\msﬁ. j;fgdoi f%‘gmﬂl{éléﬁn EE&IZ‘?W@e g{é&% V%%nggtowﬁ)ﬁ PBS pH
7.2-7.4 CatENp0O3%)upplenfented withd% BénStreptinene prvesll platerandrigasingeedatidr e

bl otted on ghean,PaRRTin RS Sectilh redfirh SoV@KR ckpdtiféhtiand RBBivard fbysed usi ng
lysis buffer 9 (1% NP-40, 20mM Tris 30 pH3.0, 137mM NaCl, 10% d ycerol, 2nmM

EDTA,151mM akeure ak BdCsmdiXip St hovanadat e, 10 ig/ml Aprotinin and 10 ig/ ni
Leupeptin) at a cell density of 1 x 107 cells/m and incubated at 4C for 30
m nut es W t Thgenddiemagad abiefully TéraovedOakD 1€y1024 46y PG/ E0200Q/MOKER - 69 -

antibodies diluted in RPMI-VM medium. In three control wells, medium was
replaced by either medium without antibody, medium with a control antibodies
(<IGF-1R> HUMAB Clone 18 and <EGFR>ICR62 final concentration 0.01

20 mg/ml) and a well containing only buffer. Cells were incubated at 37°C and 5%
CO, and individual plates were taken out for further processing after 24 hours.

The medium was carefully removed by aspiration and the cell were washed with
1ml PBS. 300 pl/well of cold MES-lysis buffer was added (MES, 10 mM Na3;VO,,
and Complete® protease inhibitor). The cells were detached using a cell scraper

25 (Corning, Cat. No. 3010) and the well contents transferred to Eppendorf reaction
tubes. Cell fragments were removed by centrifugation for 10 minutes at 13000 rpm
and 4°C.

For EGFR detection

The 96 well streptavidin microtitreplates (MTP) were prepared according to the
30 protocol (DuoSet ELISA for Human EGFR, RnD systems Cat. No. DY231). The
Human EGFR goat antibody 144 pg/ml in PBS was diluted 1:180 in PBS and 100
pl/well was added to the MTP. The MTP was incubated overnight at 4°C with



sanpl es were then centrifuged at 14,000g for 5 m nutes. The sanples were
then transferred to a clean test tube. The anpbunt of protein in the cell
| ysat es waio 2d0sisu4diined usi ng the BCA Protein Assay kit @Prare@p/ood78e cel |
| ysates were then adjusted to a protein concentrations of 5 0.1 ng/m and
0.05 nmgy/mM with IC D luent 12 (1% NP-46¢6-20nM Tris pH3.0, 137mM NaCl, 10%
d ycerol, 2mM EDTA, 1nM activated sodi um ort hovanadate). 100 ill per well
of the lysate was added to the pre-prepared MIP the plate was seal ed and

i ncubat ed fagitaiomouFhe plateRTwerenwasdiedt3 tinep arigh &BSs eupplranenseds #tithofl 13t i body
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100 pl of tyedutine foEdihonr dntatseer) thmBerade (R bewit gg‘,tat’c%eBﬁ}ed?lgteﬁévsﬂ%eal ed
and i ncubat gl 3FindsoitiRPBSsupplemehiea vty &1%Theeehect i on anti body was
then aspirated and each well was washed with 400 pi wash buffer (0.05%

T 20 i PBS pH 7.2-7,4 Cat, No.., WAI.26) fi i : j:.nal h
bl'ot he. pi BeeaBRu SEarolsin i ooty BeaeShat défehl st A WolgdB 1S
No. DY999) mesaydito@ierpe)y theadell Igsudest Werephert adjusied tone piedgin gongentiationiaf k for a
furth 20 m . i i | uti

urt ner g@qﬁgsﬁwgggqéﬁgw &&féivasﬁpﬁﬂggl@%ﬁlmx 26d 20 VD, Bliepas®! ution

2N H2SO4 ( arrd m Xin ouig y The absorbgnce at
450nm was neampletel. preoFse inhditor B :Hhard heR y aei wall @€ thsclysag waseadded to

streptavi di!PreWé? 1(eBQFcH%/ITP.- No.: 11965891001) was prepared by addi ng 100
[l per well of Phe anti body AKla-Biotinylated (Genmab, Denmark) which was

diluted 1:200 in PBS 39BSA and 0.2% T 0. The streptavidi n-MP

ot ed 1 Bretsio e R YR Yo e ot e EE YL
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protein in the fohbs b YRAl EOR YT BLEABINGR HEH DashdaCs Bisuitt PBR Hipay kit
t é C ]i Sd n a

(Pierce), es were justed to a protein concentration of
1 pM with 5048 Tween PR splution100 M Na3VO4 1: 100 and Conpl ete(r) protease
i nhibitor 1:20 and 100 pi per well of the |ysate was added to the
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e positive control contalning. Inst i. ) o u 0

1: 4000 in | §ICENERHiomeP %W;ﬁv@ﬂgm‘@g (S ‘g%h% %r/?‘gg)élfim‘?\.l\@?/‘igbve %\Qtasvm

1: 100 and Coopletherf well prat &Ried andhhbitaced 4t 2D fan? b with agaatiowe| Thef t he

| ysat e was d to,the pre-p al. J vidi n- . ative
control 100 I'VSi g‘eﬂu‘f’%&dmtfahge%gﬁlg%csf%@g%ﬁeh %Pﬁ M?éﬁ P E?Bssft ?‘gt},{t]g{%)gi n- MIP.
The MIP wer &wiea (2ascdutidror Thefsgeorviary antikady wes Henyadded S3fraptavigin-BRB t hen
washed 3 ti i t g . T 66200S i 98r wehandah&atcdnwaRnt i body
for G~ 1R mﬁrggo%rggnﬂ%g%ﬁ%}ﬁ%n‘qr (%%6{3?/%1136?/ Iq)‘r)g?fl ?Er ‘r)vecent or . B«% asl .

( Tyr 12050/ 118aifatiogion 2 minyeddt RGeThe Rlatg s therywashsd sixgnes;py L;B Wit | ut ed
1: 508 [ ndPBﬁ,Wg%?gén%@cgh ofutvH TORRNZL .wellOsr 1$h15,peﬂ“§)mahéthy\lﬁ8nzidide(aoalmjh

i ncubated a 0 0 agitation.. . : -t hree
times with 5@6@'—3 c b%}\’%eﬁ‘lgglfsgBB%QW&‘?(}(?I‘Q%‘%@Z%}A?Q@P ?%ﬁ%?httg%s&elcondary
anti body wasgithion. The eclonatvactiod was ROPp¢dIey hddingAalulipeyweHtof 1IN H23024)

1: 4000 in PBS, .39 and 029 r d

i ncubat ed weth %@%é‘?% Bt £ (AP S HAGs of R, Hne g@gﬁgﬂwgg melledd
tinmes2sm th PB®mi th 0. 1% Tweene20 sol ution. 100 | A per well of 3,3

-5,5' -Tetranet hyl benzi din (Roche, BMBlue I D No.: 11484581) was added and

i ncubat ed f @ ROFTRUSRS0A! RT With agitation. The col our reaction was
stopped by adding 25 J.t1 per well of 1M H2SO4 and incubating for a further

5 mnutes atTheR-Is-t'reI;IEQ\%d%?l%/Io[er&i]o%ﬁe B>NOE Eﬁ%%l%l) was prepared by adding 100
ul per well of the antibody AKla-Biotinylated (Genmab, Denmark) which was
diluted 1:200 in PBS, 3%BSA and 0.2% Tween®20. The streptavidin-MTP was

30 incubated for 1 hour at RT with agitation and then washed three times with 200 pl
per well of PBS with 0.1% Tween®20 solution.

The amount of protein in the cell lysates was determined using the BCA Protein

Assay kit (Pierce), the cell lysates were then adjusted to a protein concentration of



20450nm Figures 7a and 7b show that the application of <IG--1R>

HUMAB- Cl one 18 strongly reduced the specific phosphorylation signal in an

| GFRL- si gnal2biog4emssay but had no effect in a correspon@CmEragoayc78hat
measured EGFR-signaling. Vice versa, application of <EGFR>I CR62 reduced the
speci fic phosphorylation signal in 25-&A-EGFR-si gnalling assay by but
showed no effect in a correspondi ng assay that neasured | GF1R-signalling.
The XGFR1 variants # 2421, 3421, and 4421, when applied to the sang, assays
at i denti cal.0O#rohg/nilt wish, SOswEds tpkk 7shn0lomN e rgﬁétlioolﬁﬂdeg;omﬁ’émethe
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2010/ 034441PCT/ EP2009/ 006782 - 71 - In a simlar manner, the humani zed rat
anti - EGF:?I aRtsb&Qﬂ}bﬁH Eﬁﬁ&b&dﬁe&ardgﬁ:@a m\/\g@% gtg\%rz in@/rhhthie bystatet Was djtuenind of
tunor ce t hat, .express v

pot enti al L‘?ﬂ%ft &Wdﬁ‘&‘i(%ﬁ “S'FHEHQ ﬁﬁenr&pﬁpgfegn ééﬁnvm;}rlﬁaawea%’&l%bg
assays of tummol cohfaidingielss uhstemdetpdeeellsf wamHiltied i tonl :A00G kB Ap9is daiifies whi ch
expr ess Egzﬁggfea&% dd G, Sduhid 18S B@?W 396 mlbng%F“Q’G?lll FOOMEHE CoMIpiats®d in

RPM 1640 su ment e ia on
(pol y( 2- hydpretepes Frhibitarhkid® yndt 0P) nkpert well dlif§heeéy5@lts= pregddad ke Bisce to

the plasti éﬁér%@@@eptwldﬁtwﬁpe%rqwﬂégahoaaortﬂaﬁam)mlwsss bffenwiansided

spheroi ds t grow three di ally (a property that is called
anchdfage 10 thade an therrtep trfg‘r\‘sléz'tlzﬁgpher0| ds resenbl e closely the three
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25 The results of the receptor downregulation detection by the bispecific antibodies
XGFR compared to the parent monospecific antibodies <EGFR>ICR62 and <IGF-
1R> HUMAB-Clone 18 in A549 cells is shown in Figure 12. The bispecific
antibodies XGFR downregulate both EGFR- as well as the IGF1R. Surprisingly the
bispecific antibodies XGFR, showed an improved downregulation EGFR compared

30 to the parent <EGFR>ICR62 antibody.

Example 5
Inhibition of EGFR- as well as IGF1IR- signaling pathways by bispecific

<EGFR-IGF1R> antibody XGFR1 molecules



inhibitory activity conpared to IgGs that interfere with either EGR

signaling or I GF1IR signaling. Furthernore, if one conpares the activity of

XGFRL nol WOuhH#344AD 2010/ 034441PCT/ EP2009/ 006782 - 72 - PRIT{ER200900682 i vity

of the mxture of <IG=1R> HUVAB-Cl onel 8 and <EGFR>I CR62 anti bodi es, equal

or better activity can be achieved at -68ncentrations (nolar and nasses)

that are clearly below that of the m xture. Table 5 -

Antiproliferative activities (survival and inhibition) of bispecific

(5ant i bodi esTHeXBHRan rantielGd- BR tangibodigai<A6TF - 2 HWMA (Clers (18, (DSMi A&Ey

concentr at4 - Rl 04 B 9 FloIN g ' i
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inhibits the signaling by EGFR. To evaluate the potential inhibitory activity of the
different XGFR1 variants, the degree of inhibition of signaling towards both

5 pathways was analyzed.

Human tumor cells (H322M, 2 x 10° cells/ml) in RPMI medium (PAA, Cat.
No. E15-039) supplemented with 1% PenStrep in one 6 well plate and was
innoculated with 4 ml cells in the respective medium for each experiment and
cultivated for 24 hours at 37°C and 5% CO..

10 The medium was carefully removed and replaced by 2ml 0.01 mg/ml XGFR
antibodies diluted in RPMI-VM medium. In three control wells, medium was
replaced by either medium without antibody, medium with a control antibodies
(<IGF-1R> HUMAB Clone 18 and <EGFR>ICR62 final concentration 0.01
mg/ml) and a well containing only buffer. Cells were incubated at 37°C and 5%

15 CO, and individual plates were taken out for further processing after 24 hours.

For EGFR phosphorylation detection

The DuoSet® IC Human phospho-EGF R, RnD systems Cat. No. DYC1095-5 was

used. The plates were prepared by diluting the Phospho EGF R capture antibody

(Cat. No. 841402) to a concentration of 0.8 ug/ml. 100 pl per well of the MTP was
20 added the plate was sealed and incubated overnight at RT.

The capture antibody was then aspirated and each well was washed with 400 pl
wash buffer (0.05% Tween®20 in PBS pH 7.2-7.4 Cat No. WA126) five times

after the final wash blot the plate on clean paper towels.

The plates were blocked by adding 300 pl of blocking buffer (1% BSA,
25 0.05%NaN; in PBS pH 7.2-7.4) and incubating at RT for 2 hours. The solution
was then aspirated and each well was washed with 400 pl wash buffer (0.05%
Tween®20 in PBS pH 7.2-7.4 Cat No. WA126) five times after the final wash the

plates were blotted on clean paper towels.

The cells were rinsed in PBS and lysed using lysis buffer 9 (1% NP-40, 20mM Tris
30 pH8.0, 137mM NaCl, 10% Glycerol, 2mM EDTA, 1mM activated sodium
orthovanadate, 10 pg/ml Aprotinin and 10 pg/ml Leupeptin) at a cell density of 1 x
107 cells/ml and incubated at 4°C for 30 minutes with gentle agitation. The
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samples were then centrifuged at 14,000g for 5 minutes. The samples were then

transferred to a clean test tube.

The amount of protein in the cell lysates was determined using the BCA Protein
Assay kit (Pierce), the cell lysates were then adjusted to a protein concentrations of
0.1 mg/ml and 0.05 mg/ml with IC Diluent 12 (1% NP-40, 20mM Tris pH8.0,
137mM NaCl, 10% Glycerol, 2mM EDTA, 1mM activated sodium orthovanadate).
100 pl per well of the lysate was added to the pre-prepared MTP the plate was

sealed and incubated for 2 hours at RT.

Immediately before use the detection antibody was diluted to the working
concentration specified on the vial in IC Diluent 14 (20mM Tris, 137mM NaCl,
0.05% Tween®20, 0.1% BSA, pH 7.2-7.4). 100 pl of the detection antibody was
added per well, the plate was sealed and incubated at RT for 2 hours in the dark.
The detection antibody was then aspirated and each well was washed with 400 pl
wash buffer (0.05% Tween®20 in PBS pH 7.2-7.4 Cat No. WA126) five times

after the final wash blot the plate on clean paper towels.

100 pi of substrate solution (Cat. No. DY999) was added per weii and the plate was
incubated in the dark for a further 20 minutes. The reaction was stopped by adding
50 ul stop solution 2N H2SO4 (Cat No. DY994) and mixing thoroughly.

The absorbance at 450nm was measured.

For IGF-1R phosphorylation detection

The streptavidin-MTP (Roche ID. No.: 11965891001) was prepared by adding
100 pl per well of the antibody AK1a-Biotinylated (Genmab, Denmark) which was
diluted 1:200 in PBS, 3%BSA and 0.2% Tween®20. The streptavidin-MTP was
incubated for 1 hour at RT with agitation and then washed three times with 200 pl
per well of PBS with 0.1% Tween®20 solution.

The amount of protein in the cell lysates was determined using the BCA Protein
Assay kit (Pierce), the cell lysates were then adjusted to a protein concentration of
1 uM with 50mM Tris pH 7.4, 100 mM Na3;VO, 1:100 and Complete® protease
inhibitor 1:20 and 100 pl per well of the lysate was added to the pre-prepared
streptavidin-MTP.

8 ( 50nM) 15015 47 53 <EGFR> | CR62 (50nM)

100 nM
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The positive control containing the unstimulated cells was diluted to 1:4000 in lysis

buffer supplemented with 50mM Tris pH 7.4, 100 mM Na;VO4 1:100 and

Complete® protease inhibitor 1:20 and 100 pl per well of the lysate was added to

the pre-prepared streptavidin-MTP. For the negative control 100 pl lysis buffer was
5 added to the well in the streptavidin-MTP.

The MTP were incubated for a further 1 hour at RT with agitation and then washed
3 times with PBS with 0.1% Tween®20 solution.

The detection antibody for IGF-1R was human IGF-1R (Tyr1135/1136)/Insulin
receptor beta (Tyr1150/1151)(19H7) antibody (Cell signalling, Cat. No. 3024L)
10 diluted 1:500 in PBS, 3%BSA and 0.2% Tween®20. 100 pl per well was added and
incubated at RT for 1 hour with agitation. The MTP was then washed three times
with 200 pl per well of PBS with 0.1% Tween®20 solution. The secondary
antibody was then added rabbit IgG-POD (Cell signalling Cat. No. 7074) 1:4000 in
PBS, 3%BSA and 0.2% Tween®20, 100 ul was added per well and incubated with
15 agitation for 1 hour at RT. The plate was then washed six times with PBS with
0.1% Tween®20 solution. 100 ul per well of 3,3°-5,5’-Tetramethylbenzidin (Roche,
BM-Blue ID-No.: 11484581) was added and incubated for 20 minutes at RT with
agitation. The colour reaction was stopped by adding 25 pl per well of 1M H;SOq4
and incubating for a further 5 minutes at RT. The absorbance was measured at
20 450nm.

Figures 7a and 7b show that the application of <IGF-1R> HUMAB-Clone 18
strongly reduced the specific phosphorylation signal in an IGFR1-signalling assay
but had no effect in a corresponding assay that measured EGFR-signaling. Vice
versa, application of <EGFR>ICR62 reduced the specific phosphorylation signal in

25 an EGFR-signalling assay by but showed no effect in a corresponding assay that
measured IGF1R-signalling. The XGFR1 variants # 2421, 3421, and 4421, when
applied to the same assays at identical molarities, showed the same or better
activities than the wildtype antibodies in both assays. Thus, XGFR1 molecules are
capable of interfering with both signaling pathways.

30 Example 6
XGFR1-mediated growth inhibition of tumor cell lines in vitro

The human anti-IGF-1R antibody <IGF-1R> HUMAB Clone 18 (DSM ACC 2587)
inhibits the growth of tumor cell lines that express the IGFIR (WO 2005/005635).
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a 1:1 ratio. For the product i on of the gl ycoengi neered
H322M cells were cultured in RPMI 1640 supplemented with 0.5% FCS media on

poly-HEMA  (poly(2-hydroxyethylmethacrylate)) coated dishes to prevent
adherence to the plastic surface. Under these conditions H322M cells form dense
spheroids that grow three dimensionally (a property that is called anchorage
10 independence). These spheroids resemble closely the three dimensional
histoarchitecture and organization of solid tumors in-situ. Spheroid cultures were
incubated for 5 days in the presence of increasing amounts of antibodies from 50 or
100 nM. The WST conversion assay was used to measure growth inhibition. When
H322M spheroid cultures were treated with <IGF-1R> HUMAB-Clonel8 an
15 inhibition in growth could be observed.

Figure 8 shows that the application of 50 nM <IGF-1R> HUMAB-Clonel 8
reduced the cell growth by 53%, and that the application of 50 nM <EGFR>ICR62
reduced the cell growth by 53% in the same assay.

The simultaneous application of both antibodies (at the same concentrations)
20 resulted in a further decrease of cell viability to 26% (74% inhibition). This
indicates that simultaneous interference with both RTK pathways has a more
profound effect on tumor cell lines than the interference with just one pathway

alone.

Application of various XGFR1-variants at molar concentration of 50 nM resulted
25 in a higher growth inhibition that was more pronounced that that observed with

single molecules alone at 50 nM concentrations.

In fact, at an antibody concentration of 50 nM, various XGFR1-variants showed an

improved antiproliferative activity compared to the combination of the original

<EGFR> and <IGF1R> antibodies at the doubled antibody concentration of 100
30 nM (50 nM <IGF-1R> HUMAB-Clone18 and 50 nM <EGFR>ICR62).

We conclude that XGFR1 molecules have a profoundly increased growth
inhibitory activity compared to IgGs that interfere with either EGFR signaling or
IGFIR signaling. Furthermore, if one compares the activity of XGFR1 molecules
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Because ADCC is a desired nechanismfor XGFRL nol ecules, it is inportant
that these nol ecules can bind FcgRIIla in the sanme manner as 'nornal’

ant i bodi 880 20r3¢4#at t hese nol ecul es have a good ADCC c@epareeemoc’Bbr t he
anal ysi s of binding of the various XGFRl nolecules to the bFcgRIIla, we
have applied a Biacore 5 technol ogy ti7at has been previously established
(References). By this technol ogy, binding of XG-Rl-nolecules to

reconbi nantly produced FcgRIIla domains is assessed. Al surface pl asnon
resonance nesxgmpleffents were perfornmed on a Bl Acore 3000 instrunent (GE
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rate of 300¢ite, pasheectpinearrying@nddhd OiiPcIsAPentgs regenerated for 1 mnute with

PBS, pH8.0, 20 0.005% (v/v) Tween20. Data analysis was performed with the
Bl Aeval uat i ghtis&Hits\aiee (?b&@&aebyswdeﬁs)feqtﬂi@eHm%tEBm tchids ewietx pthe i ment s

Nt 1 D 5 TRERelian GG L RS 51 et K kR~ LB R ToRBt SEURE AL Ty to
FCyRI |1 a Af pidspiatberahsfortiofCapiroads 2 IEspencytedl yX@oming HEK292EBNS olFR1-
3321 yes were transfected by the calcium phosphate method. For the production of
unmodified antibody, the cells were transfected only with antibody heavy and light
chain expression vectors in a 1:1 ratio. For the production of the glycoengineered
15 antibody, the cells were co-transfected with four plasmids, two for antibody
expression, one for a fusion GnTIII polypeptide expression, and one for
mannosidase 11 expression at a ratio of 4:4:1:1, respectively. Cells were grown as
adherent monolayer cultures in T flasks using DMEM culture medium
supplemented with 10% FCS, and were transfected when they were between 50
20 and 80% confluent. For the transfection of a T75 flask, 8 million cells were seeded
24 hours before transfection in 14 ml DMEM culture medium supplemented with
FCS (at 10% V/V final), 250 pg/ml neomycin, and cells were placed at 37°C in an
incubator with a 5% CO2 atmosphere overnight. For each T75 flask to be
transfected, a solution of DNA, CaCl2 and water was prepared by mixing 47 pug
25 total plasmid vector DNA divided equally between the light and heavy chain
expression vectors, 235 pul of a 1M CaCl2 solution, and adding water to a final
volume of 469 pl. To this solution, 469 pl of a SOmM HEPES, 280 mM NaCl, 1.5
mM Na2HPO4 solution at pH 7.05 were added, mixed immediately for 10 sec and
left to stand at room temperature for 20 sec. The suspension was diluted with 12 ml
30 of DMEM supplemented with 2% FCS, and added to the T75 in place of the
existing medium. The cells were incubated at 37°C, 5% CO2 for about 17 to 20
hours, then medium was replaced with 12 ml DMEM, 10% FCS. The conditioned
culture medium was harvested 5 to 7 days post-transfection centrifuged for 5 min at
1200 rpm, followed by a second centrifugation for 10 min at 4000 rpm and kept at
35 4°C.
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The secreted antibodies were purified by Protein A affinity chromatography,
followed by cation exchange chromatography and a final size exclusion
chromatographic step on a Superdex 200 column (Amersham Pharmacia)
exchanging the buffer to phosphate buffer saline and collecting the pure

5 monomeric IgGl antibodies. Antibody concentration was estimated using a
spectrophotometer from the absorbance at 280 nm. The antibodies were formulated
in a 25 mM potassium phosphate, 125 mM sodium chloride, 100 mM glycine
solution of pH 6.7.

Glycoengineered variants of the humanized antibody were produced by co-
10 transfection of the antibody expression vectors together with a GnT-III

glycosyltransferase expression vector, or together with a GnT-III expression vector

plus a Golgi mannosidase II expression vector. Glycoengineered antibodies were

purified and formulated as described above for the non-glycoengineered antibodies.

The oligosaccharides attached to the Fc region of the antibodies were analysed by
15 MALDI/TOF-MS as described below.

Oligosaccharides were enzymatically released from the antibodies by PNGaseF
digestion, with the antibodies being either immobilized on a PVDF membrane or in

solution.

The resulting digest solution containing the released oligosaccharides either
20 prepared directly for MALDI/TOF-MS analysis or was further digested with
EndoH glycosidase prior to sample preparation for MALDI/TOF-MS analysis.

For all bispecific antibodies according to the invention, GE means

glycoengineered.

Example 8
25 Binding to FcgRIIla and ADCC-competence of XGFR1 molecules

The non-glycomodified humanized rat anti-EGFR antibody ICR62 (from
WO 2006/082515) mediates its anti-tumor activity not only by interfering with
RTK-mediated growth stimulatory signals, but also to a significant degree by
inducing ADCC on tumor cells. In a similar manner, other antibodies, such as the
30 anti-IGF-1R antibodies <IGF-1R> HUMAB Clone 18 are also capable of inducing
ADCC. The degree of ADCC mediation by a given antibody depends not only on
the antigen that is bound, but is also dependent on affinities of constant regions to
the FcgRIIIa, which is known as the Fc receptor that triggers the ADCC reaction.
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All surface plasmon resonance measurements were performed on a BlAcore 3000
instrument (GE Healthcare Biosciences AB, Sweden) at 25°C. The running and

10 dilution buffer was PBS (1 mM KH2PO4, 10mM Na2HPO4, 137 mM NaCl,
2.7mM KCl), pH6.0, 0.005 % (v/v) Tween20. The soluble human FcgRIlla was
diluted in 10 mM sodium-acetate, pH 5.0 and immobilized on a CMS5 biosensor
chip using the standard amine coupling kit (GE Healthcare Biosciences AB,
Sweden) to obtain FcgRIlla surface densities of approximately 1000 RU. HBS-P

15 (10 mM HEPES, pH 7.4, 150 mM NaCl, 0.005% Surfactant P20; GE Healthcare
Biosciences AB, Sweden) was used as running buffer during immobilization.
XGFR bispecific antibodies were diluted with PBS, 0.005%(v/v) Tween20, pH6.0
to a concentration of 450 nM and injected over 3 minutes at a flow rate of
30pl/minute. Then, the sensor chip was regenerated for 1 minute with PBS, pH8.0,

20 0.005% (v/v) Tween20. Data analysis was performed with the BlAevaluation
software (BIAcore, Sweden).

The results of these experiments are summarized in Table 7.

Table 6 — Binding affinities of bispecific antibodies (XGFR —nomenclature) to

FcyRlIlla and FcRn
Molecule Affinity to FeyRIIIa Affinity to FcRn
XGFR1-
es es

2321 y y

XGFR1-
e

2421 yes yes
XGFR1-

3321 yes yes




non-anti gen bound gl yconodi fi ed XGFRL nol ecul es had increased binding
affinity conpared to the wildtype antibody. Table 7 - Binding affinities of
bi speci f iwoantwiediies (XG-R -nonencl ature) to FcyRI |l a aou/HPedw/oddyBECUl €
Affinity to FcyRIIla Affmty to FcRn XGFRL- 2421-CGE yes yes XGFR1- 3421-GE
yes yes XGFR1- 4421-GE yes yes XGFR1- -5621-CGE yes yes 5

XGFR1-

€S es
3421 y y

XGFR1-

es €S
4321 y y

XGFR1-

€S (4
4421 y y

XGFR1-

€S €S
5321 y y

XGFR1-

€S es
5421 y y

<EGFR>

yes n.d
ICR62

<IGF-
1R>
HUMAB-
Clone 18

n.d. n.d.

These analyses reveal that binding towards FcgRIlla of non-antigen bound XGFR1

molecules is indistinguishable from the binding of wild-type IgG1 molecules.

Thus, these biochemical assays indicate full competency of non-antigen bound
5 XGFR1-2421, and XGFR1-4421 to bind the ADCC-mediating receptor FcgRIlla.

The repetition of these experiments using XGFR1 molecules in the presence of
antigen revealed no effect on the ability of the soluble FcgRIlla to bind.

Another set of such Biacore experiments was performed with XGFR1-molecules
that have been glycomodified (see Example 7) by a previously described
10 technology (Umana, P., et al. Nature Biotechnol. 17 (1999) 176-180 and
WO 99/54342). This glycomodification increases the affinity of Fc-regions to the
FcgRIlla and thereby increases ADCC on target cells. A comparison of the
FcgRlIlla-binding capability of non-antigen bound glycomodified XGFRI1-
molecules with that of non-antigen bound glycomodified wildtype IgG showed that



To anal yze to what degree the binding conpetency of XGFRL-nol ecules to
FcgRIlla translates also into in-vitro ADCC activity towards tunor cells,
we det er woedioAB@E1conpet ency in cel lul ar assays. For tIR€TEPAHOAYESTS2

gl yconodi fied derivatives of XG-R1-2421, XGFR1-3421, XGFR1-4421 and
XGFR1- 5421 10 ( XGFR1-2421 -GE, XGFR1-3421-GE, XGFR1-4421-CGE and

XGFR1- 5421-GE) were prepared (see Exanple 6) and tested in the Bl Acore
ADCC- conpet ence assay format that has been previously described and al so

the in-vi t reonADORens beyndaglykosdifirdd X6FR Y. malgerlespbad pReteasedy bésing

mononucl ear gly?)( Wen&sidt Aol fector cells and 15 were prepared
usi ng H st o%fgglﬁ{éé‘i‘é‘? S(l)gma Di Zﬁ%sti cg Inc., St. Louis, M63178 USA)

followi ng essentially.the manufacturer's instrugtions. In brie venous

bl ood was t hrlel Ao BHIdigRAfinKies é?gg’ég??qlﬁi‘g%%“@tﬁ#%?ﬁ{]ﬁ@f"\}%}c rSL?Os. The

bl ood was dFdy®iHE add @cRh-1. 3 with PBS (not containing Ca++ or My) and

| ayered on Hi stopaque-1077. The gradient was centrifuged at 400 x g for 30

mn at room[ZQ T.enperfat ur bredks. Thasd: r e coht ai ni ng
t he PBMC was &?ngﬁfed anéf%@é‘\é\%ﬁﬁ#ﬁﬁ%Bs (50 mggiedrl%g)l I s irom WO

gradi ents) apnd-harvestedby—ecentri-fugation 300—x—gfor—10—mmnuies at RI.
Af ter resusp‘en‘&@ﬁhlof the pellet WD 2010/ 034441PCT/ EP%QOQ/ 006782|- 78 -

wi th PBS, thezﬁ%g/_%gvere count ed Y&hd washed second t e by centr|fugation
at 200 x g fjor m nutes at RT. The cells re then resuspended |n the
appropriate i

res. The effector to|target
ratio used florXEHRBIADCC assays yas 25:1 for |PBMC. The Rseffector gells were
prepared in AkMbY.aedi um at t he “appropriate concentration in order to add
501.11 per well of round bottom 96 well plates. Target cells were|human
EGFR/ | GFR ex ﬁég’gng celTs (e.g., H322ZM A54P, or MCF-7) grown in|DVEM
cont ai ni ng 10% ._Target cellseyere washed in PBS, cgynted and
resuspended | m42lMGE @t 0.3 mill'ion per mM ip order to add 30,000(|cells in
100 ul 10 pef microwell. Antibodies were diluted in AIMV, added ijn 50 pi
to the pre-p a:;@ﬁRtigrget cells and allowed tp bind to the targets|for 10

m nutes at RIT. en the effectoryesells were pdded and ydse plate was

i ncubat ed foy M2hdekEs| at 37C in a hum dified| at nosphere contai ni ng 5% CC2.
Killing of tprget cells was assessed by neasurenent of lactate |
dehydrpgenase (LDH) rel ease from damaged cells using the 15 Cytotoxicity
Detection kit (Roche Diagnostics, Rotkreuz, Switzerland). After the 4- hour
i ncubation trBeagdipdceto Witia€ degrder tHeubRdig c8MPetency ofORIGER 1smpleculas #nt from

each wel | S nsferred to a . new tran ng,.f. | .pl ate.
100 ul colo C%l%lggt ?rﬁ?séatﬁﬁfaisé)r Y i YRR %3? b\e/vfal'lf‘tclaw{;iéllrt e‘gﬁgge?%g{slc\.éﬁér_hggvﬁax

val ues of t Hetenminod ATRGCtdonpetomry inletlbilari aseaysi Forathes assaysy é@d@moﬁtﬁGQQO nm
for at | easgﬁ%@ﬁggp {jg F%&z%@ﬁTri?éFﬁB%Rf g1 4l esnd axGPRYiSx03 .

Sunnyval e, (gé)nt aneous LDH rel ease was e%éi{% wel |'s
cont althi ng 6XKGYRA342tGBN KGR k3¢#H-Cle| XSFBU14424-Ght 2 i GISR 1-RA% 1 -

rel ease was gl Psﬁeﬁme Gk AR bFaraaBited 1 the BIALYret ADGEL carepetencanstay %
Triton X-100. erce&t?% e of speC|1f| c anti body-medi at edltrk',{\L)'(ggaggt%ﬁ as

cal cul at ed &3ty .q{eﬁ% preapysly escribsghand alpp” the, in-witey 4 e nean of
Vmax at a spe&iibed balotv. body concentration, SR is the nean of Vmax of the

spont aneous rel ease and MR is the nean of Vmax of the maximal release. In
t hese assay$untdnepefipiiGat blopé remoyudear calls PRMED aveselused asiehfectof c¢llsand

el Iont ASCES Rt nudih AR BRue 07 GRA DRy RSg JRec e Boved
XGFR1- 4421 - GED63RCERA) stodowage @gsggthi]ygmeemgyt_lfaCWr’s instructions. In brief,
2010/ 034441 R4 ERABOPMRGERh withShepaFiiabPlsfrites from healthy volunteers. The
blood was diluted 1:0.75-1.3 with PBS (not containing Ca"" or Mg ") and layered
on Histopaque-1077. The gradient was centrifuged at 400 x g for 30 min at room
20 temperature (RT) without breaks. The interphase containing the PBMC was
collected and washed with PBS (50 ml per cells from two gradients) and harvested

by centrifugation at 300 x g for 10 minutes at RT. After resuspension of the pellet




Expression & Purification of bispecific <EGFR-IGF1R> anti body scFab- XGFR1
nol ecul es Light and heavy chains of the correspondi ng bi specific antibodies
wer e conswoueotoad4&1 i n expressi on vectors carrying pro- pamEpreciansst i C

sel ection markers. These plasm ds were anplified in E.coli, purified, and
subsequently transfected for transient 78xpressi on of reconbi nant proteins
in HEK293F cells (utilizing Invitrogen's freesyle systen). After 7 days,

HEK 293 cel |l supernatants were harvested and purified by protein A and size
excl usi on chith PBSO GreaPBYIC Were ¢domtrgeandi washed ase¢onditapeby Ccertrifiigatinn @y
constructs i

condi ti ons. W’éé%; 191?§i$ﬁ%¥€§n§; ﬁ:ﬁgﬁgH?g{%geu@gH ré&%%gegé‘ggﬁ ﬁﬁﬁichal ns
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nol ecul ar sizes anal ogous to the cal cul ated nol ecul ar wei ghts. Expression
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pl asm lar ratio for a final ans %rl on | ure.
Recorrbl nant cHeatpheels dat |n9a@‘Ptﬂé’d6‘(§nt1\é?’Hmﬁb r?,lé?sle vas tqﬁF“émértfg ]§ wer e
clarified 7c@lﬁ¥1§m:gfdrﬂry tarbEtaRAk agd |1%1Thwnc>ent)m Pergaitagerofapedifid@ftibodyor 30

m nut es andfllt Lon t ast Ief t rnatants
were st or edmgdiatesipkifling was Cagg‘gf’tleficaét s ‘ﬁh% &’)ﬁ(g/pgd %ﬂ?[*l%o’dy e% 11\%at i ves
were Jaurifi &daﬁémft‘haas apesmiﬁmantlbndyumcsenepimlbﬁRaﬂSfthmmyn oflVUthfgr aphy

using Protein A SepharoseT ‘%g dex200 size
exclusion c Sll?ﬁf' ‘Foz}tlsha(8 %hglg;lvﬁngﬁ% speC| I C anzﬂg HP?{eSDECI fic

anti body contai ning cI arified cuI ture supernatants were appl i eN&%n a Hi Tr ap
Prot ei nA HPIif Bhede) agseyuunthee dREE beempiengyt Wappasy fompargd ¢

KH2PO4, 137gm%%eﬁr\gll@tﬁ)enﬂtiﬁgﬂws pﬁ)e7 redllts bNBRL assRYDEIRIWAR] Mﬁi&:HeMlaS hed

out with equilibration bu ean d W t h
0.1 Mcitrat®Pby f‘foél‘*peteﬂlﬂeszoé th"a d egté%o%@ ﬁﬁiﬁ@k?f‘gﬁ re 15
neut r3) i zed XGIKI-8421-GE (edFiBuies9). pH 8.5. Then, the eluted protein
fractions were pool ed, concentrated with an Amicon Utra centrifugal filter
device (MMCO 30 K, MIlipore) to a volume of 3 ml and | oaded on a

Super dex200 Hi Load 120 m 16/60 gel filtration colum (GE Heal t hcare,
Sweden) equilibrated with 20mM Hi stidin, 140 nM NaCl, pH 6.0. Mononeric
anti body fractions were pool ed, snap-frozen 20 and stored at -80C Part of
the sanples were provided for subsequent protein analytics and
characterization. Exenplary SDS-PAGE anal yses of purified proteins and
profiles of HP-Size Exclusion Chromatography (SEC) of bispecific antibody
derivatives are shown in Figures 15 and 16.



Figure 13 and 14 lists the expression yields that were observed in
transient 25 expression systens: Al |l designed anti body derivatives coul d
be expreswodomd4qaurified in sufficient amounts for furPo@EEParvloyeses. The
expression yield per liter supernatant ranged fromless than 1 ng to > 30
ng. For exanple, scFab-XGFR1- 2720 had7a-final yield after purification of

| ess than 1 ng whereas scFab- XGFRL- 2721 had a final yield of 13.8 ng. This
di fference shows al so the positive influence 300of the VH44-VL100 di sul fide
Stabl|I2atl_ﬂgggj£%pFESSIOn yi el ds that we observed for sonme proteins. WO
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purified pr8DSHRWGENdpparditf elentar csine tanangoysy 40 ytihngcai@ﬂ@téﬁtmiqcs}@r and

time) showe e%gggsoﬂ e@g?ﬁ ?ev@ﬁrd}ﬁalll éoﬂ%uct@w%%@i@[[}%&d by PreRIEA Hﬂf@%ﬁ&y to

aggregate 2 ecules t ont al ned scFabs. This aggregation tendency
t hat Me obswetesimilr t%émembeICESOfcé@PéaféeI%(ﬁﬁalqrdPéP@& FEyes s tion of
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Bi ndi ng of bispecific <EGFR'| GF1R> anti -nmol ecul.es to the RTKs

25EGFR and pqﬂ:glﬂmrﬁ éuﬂ?‘ﬁﬂﬁaﬂb “bisu?hn gor-op B“%l?ﬂd'ﬁ‘l“@é n& ﬁébl&?ﬂ?]’h experiments

ant i gen- bi ngip@reSi3t#dd 14f. the retained in the full length I1gG nodule of the
different bispecific antibody formats scFabXGFR were conpared to the

bi ndi ng of t I

bi specific %&t lﬁgﬁf(gehsl%\agrce en%'e@{9 %nge‘s yu?mea rgfgﬂfgg?\;v?a;go%qet y
appl y2ing 5utdndwypuoa®mam§m&n@rebmmam@kéyles ako adeiresy thegpreblems withsa ~ wo
2010/ 0344415@@&%90& ﬁgﬁ%emﬁ%zan‘tlbodles, disulfide-stabilization between VH and

VL of the additional binding moieties was applied. For that we introduced single
cysteine replacements within VH and VL of the scFab at defined positions
(positions VH44/VL100 according to the Kabat numbering scheme). These

25 mutations enable the formation of stable interchain disulfides between VH and VL,
which in turn stabilize the resulting disulfide-stabilized scFab module. Introduction
of the VH44/VL100 disulfides in scFabs did not significantly interfere with protein
expression levels and in some instance even improved expression yields (see
Figure 13 and 14).

30 The bispecific antibodies were expressed by transient transfection of human
embryonic kidney 293-F cells using the FreeStyle™ 293 Expression System
according to the manufacturer's instruction (Invitrogen, USA). Briefly, suspension
FreeStyle™ 293-F cells were cultivated in FreeStyle™ 293 Expression medium at
37°C/8 % CO, and the cells were seeded in fresh medium at a density of 1-2x10°

35 viable cells/ml on the day of transfection. The DNA-293fectin™ complexes were



Heal t hcare Bi 0- Sci ences AB, Uppsala). This systemis well established for
the study of nolecule interactions. It allows a continuous real-tinme

noni t or i nyoabioiasgemd/ anal yt e bi ndi ngs and thus the det ePairERR000/006782
association rate constants (ka), dissociation rate constants (kd), and
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XGFR2 —2720aIQal?ti&'\gngijchMterization. Exemplary SDS-PAGE analyses of purified proteins
and profiles of HP-Size Exclusion Chromatography (SEC) of bispecific antibody

derivatives are shown in Figures 15 and 16.

Figure 13 and 14 lists the expression yields that were observed in transient
25 expression systems: All designed antibody derivatives could be expressed and
purified in sufficient amounts for further analyses. The expression yield per liter
supernatant ranged from less than 1 mg to > 30 mg. For example, scFab-XGFR1-
2720 had a final yield after purification of less than 1 mg whereas scFab-XGFR1-
2721 had a final yield of 13.8 mg. This difference shows also the positive influence
30 of the VH44-VL100 disulfide stabilization on expression yields that we observed

for some proteins.



<IG~1R> Cone 18 n.a. 2 nM<EGFR> ICR62 0.5 nM n.a. FACS-based bi ndi ng
-and conpetition- analyses on cultured cells can also be applied to assess
t he bi ndiw@ 20e0p8ipi4iti ty of bispecific anti body derivati vesTiEF209K8678hat ar e
exposed on cell surfaces. Figure 18 shows the experinental set-up that we 5
used to test binding capabilities of s@Fab containing bispecific XGR
derivatives on A549 cancer cells. For these cellular conpetition assays,
A549 cells which express the antigens EGFR as well |1 G- 1R were detached and
counted. 1.BExdampkl||s were seeded per well of a conical 96-well plate.

Cells were ﬁgﬂig SBls et FRE EPIR-1EE1R S afitiPodypdtdlab - XGHFAL dlet dles #Abviffon on i ce

in 50 pL of a difution 10 series of the respective bispecific antibody in

PBS with 2% FCS (fetal calf serum) cantaimn j of Alexab47: | abel ed
| GFI R- speci $W‘§1ﬁ§>ﬁi“? ‘Eﬁﬁ}?gaé@PI‘%‘“ﬁﬁé‘%o Spe &néﬂgaﬁ%ﬁ af?\gé%ae(ydsc &P ce with
200 p, L PBSmetwaukrsni ng 2% FCS. Finally, cells were resuspended in BD

Cell Fix solution (BD Biosciences) and incubated for at least 10 min on ice.
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removal of N-glycans by enzymatic treatment with Peptide-N-Glycosidase F
(Roche Molecular Biochemicals). HP-Size exclusion chromatography analysis of
the purified proteins under different conditions (varying concentration and time)
showed - compared to normal IgGs- a somewhat increased tendency to aggregate
20 for molecules that contained scFabs. This aggregation tendency that we observed
for some molecules could be ameliorated by introduction of the VH44/VL100

interchain disulfide bond in scFab modules.

Examplell
Binding of bispecific <EGFR-IGF1R> antibody scFab-molecules to the RTKs

25 EGFR and IGF1R

The binding of the scFab modules and of the antigen-binding sites of the retained
in the full length IgG-module of the different bispecific antibody formats scFab-
XGFR were compared to the binding of the ‘wildtype’ IgGs from which the
binding modules and bispecific antibodies were derived. These analyses were

30 carried out by applying Surface Plasmon Resonance (Biacore), as well as a cell-
ELISA.

The binding properties bispecific <IGF-1R-EGFR> antibodies were analyzed by

surface plasmon resonance (SPR) technology using a Biacore T100 instrument (GE



The human anti-| GF- 1R anti bodi es <I G- 1R> HUVAB Cl one 18 (DSM ACC 2587)
inhibits I GFRl-signaling and the humani zed rat anti-EG-R anti body

<EGFR>| CR8Q 20mi3ipidts t he signaling by EGFR To eval uat e PCREPR@VONGTB2AI
inhibitory activity of the different scFab- XGFRl variants, the degree of
10downr egul ati on of the receptor from-B3th was anal yzed. In order to detect
effects of the anti body of the invention on the anmount of |1 G-I receptor
(I1G=-1R) in tunor cells, tine-course experiments and subsegue ELL\S
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sol ution. TRaa sighslgRk addodi Sdiiiles wRQnjebteBBEincB4ERA canetntraidhsTween820 100
1.11 per well was added and i ncubated vvlth agitation for 20 minutes 25 at

RT. The pla then washed si ! 20

sol uti on. %1?} f“ipfa%e?‘ preos? % émgS a eislp CEE? h%%tt gl dfGnﬂ-‘(’T’E ﬁﬁ{ BM Bl ue
| D- No30 114846kddiesnasGItRlend HBBI R iscshoangd Figire 20a-di nutes at RT with
agitation. The color reaction was stopped by adding 25 1.1,1 per well of 1M

H2504 and i ﬁ%g;géﬁl Rg’gﬁﬁés @%ﬁﬂ"ﬁ{e ecficThiboASs RLFRIXGHN_ahspakpasanvas

measur ed at tecti on
XGFR2_2720) to EGFR and IGF-1R

Molecule KD value (Affinity to EGFR) | KD value (Affinity to IGF-1R)




The streptavidin-MP (Roche ID. No.: 11965891001) was prepared by adding
100 p.1 per well of the antibody AKla-Biotinylated (Genmab, Denmark) which
was di | utwe 201020@44itn PBS, 3%BSA and 0. 2% Tween(r) 20. Th@C3tEPeoAYG782 n- MTP

was - 86 - incubated for 1 hour at RT with agitation and then washed
three tines with 200 pl per well of PB83w th 0.1% Tween(r)20 solution. The
anount of protein in the cell |lysates was determ ned using the BCA Protein
Assay kit (Pigerce)—the—celH—tysates—were-ther—adiustedto a protegin

concentration of sdba®). 3 pg/ m vvlth 50mMM Tris pH 7.4, 1 W Na3vo4 (1: 100 and
Conpl ete(r) ProLERES7AdNi bitor 1t 25¥ and 100 per wel the | ysate was
added to the pre-pr-epar ed strept avi di n- MI'P. A second cell lysate
concentrati on—was—tsed—at—0-t5 g/t the Tysate was difute and 100 | was
added per wel| téesFebre pfe-pr eparoesdnﬁtrept avi fi n- MTP.  Rogvbackground 10
measur enent lOQGizRiyﬁQ@ buffer was added to the well 1n the
streptavi di n-|[MTP. The MIP were incubated forja further 1 hour at RT with
agitation and tnen Washed 3 tines wwith PBS wth 0. 1% Tween(r) 20 sql ution.
The det ecti on anfd*bldty for | GF- 1R, yvas human | G-- 1RO rakipit antibody (Santa
Cruz Bi ot echnpl ayypei€at| No. sc-713) diluted|1: 750 in PBS, 3%BSA and 0.2%
nn incubated jat RT for L hour with 1V I A1?-11 VV 110uals... agitation. The
MIP was t hen vvasgﬁ ]F%hr be times with 200 ul per well of PBS with (.1%
Tweene20 sol uL| 0 secondar y.aatMi body was t hen addeel rabbit |G PCD

(Cell signaling GR62 NoJ 7074) 1:4000 in PBS| 3% BSA and 0. 2% Twegn(r) 20,

100 pi was added per well and incubated withlagitation for 1 hour lat RT.

The plate was 20 then washed six times with PBS with 0.1% Tweene20

sol uti on. 100 pl per well of 3,3 -5,5 -Tetranethyl benzidin (Roche, BM Bl ue
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pat hways. 5Egl;§q~fpp@ resuspended in BD CellFix solution (BD 1osc1ences) and inctbate
at least 10 min on ice. Mean fluorescence intensity (mfi) of the cells was
15 determined by flow cytometry (FACS Canto). Mfi was determined at least in
duplicates of two independent stainings. Flow cytometry spectra were further
processed using the FlowJo software (TreeStar). Half-maximal binding was

determined using XLFit 4.0 (IDBS) and the dose response one site model 205.

The results of these assays which are shown in Figure 19a-c demonstrate binding
20 functionality of the bispecific scFab containing antibody derivatives on surfaces of
tumor cells. For example, the IC50 in competition experiments of the bispecific
antibody derivative scFab-XGFR1_2721 was 0.11 pg/ml whereas the IC50 of the
monospecific antibody was > 50% higher (0.18 pg/ml). This increased activity in
competition assays of the bispecific scFab-XGFR_2721 derivative compared to the



scFab- XGFR1 and scFab- XGFR2- nedi ated growth i nhibition of tunor cell |ines
in vitro The human anti-1 G- 1R anti body <I G--1R> HUMAB Cl one 18 (DSM ACC
2587) i nhwbizow/wsigigr omt h of tunor cell |ines that expr@€3/EPR@INGHER ( WO
2005/ 005635). 10 In a simlar manner, the humani zed rat anti-EGFR anti body
<EGFR>| CR62 has been shown to inhibit -t84e growth of tunor cell lines that
express EGFR (WD 2006/ 082515). To evaluate the potential inhibitory
activity of the different scFab-XGFR1 variants in growth assays qf tunor
cel | |ines, pdrbet ahtihpdy saggeiststhii this@ﬁﬁﬁeﬁfmdm\delbhlyisvhﬁttéht%%{é@?cE@R as
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in RPM 164%]|§nrre I aglgisb%%lgrgrgﬁt ed"wi th 10% FCS on pol y- HEMA

(pol y(2- hydr oxyet hyl net hacryl ate)) coated di shes to prevent adherence to
the plasti cw : Under these conditions H322M cel |l s form dense

spher oi ds t haneégalution SFEGHRTRE Siel A1 GF-1Rabp bispetifiy <EGER-IGE-tRP| ed
anchor.age i ndependence hes heroi ds resenble closely the three

di mensi onal aﬁ‘?ﬁs‘f@%’r’%ﬁ%&?@f@gﬁnd organi zation of solid tunmors in-situ.
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of the correspondi ng bispecific antibodies are given in SEQID NO 30 -33
for the Cross-Mab (VHNL) and in SEQ ID NO 34 -37 for the Cross-Mb

(CH CL). WooRoB@4034441PCT/ EP2009/ 006782 - 89 - Exanpl eCTEPR@MIE8ul at i on
of EGFR- as well as 1 G~ 1R by bispecific, bivalent domain exchanged
<EGFR-| GF1R> anti body nol ecul es Cross--Msb (VH VL) or Cross-Mab (CH CL)
5Anal ogously to Exanple 12 the downregul ation of EGFR- as well as |G~ 1R on
H322M tunor cells by bispecific, bivalent domain exchanged <EGFR-1 GF1R>
anti body noThe Wi6e sellr os@otitatpl§te-INM TR)ViNELe @raparadgegcosditg Gooths- REBOOEH CL)

(CH CL exch I d y R of
bot h bi spec@g)?,et %H%%Zt%? ]—g"élﬂéll ﬁlég)l}é%%g} 10s géPG\QQR‘S?EG\:?%’ ?rhe?gﬁs °
¢ ) ca.
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HUVAB- O onelvagheiGatirde9/vith P BEGsupplpnentadevitil $dl o TEgemm30e 16  20Turmor growt h
i nhibition of H322M tunor cell lines in vitro by bispecific, bivalent

domai n eXCh%ﬂg%ﬁoﬁ%&k@ﬂﬁ?tﬁ@E&lp%){temﬁ%k&ﬁine@r @isg WRDBCAVPYoWin  or
Cross- Mab ( ~ Analo ouslhy to Exarrphe é% t he tunor, growt h i nhibi.tion of
H322M Ot uror Aseayl kit Gtiense)s Hecoelt lysates yaicgien HBER (.2 BRURDPPERIEaROD &1 o
anti body nob@auhgml GiasMEBNRbUIHRPpléveRtkd exthhiaogaM NagyQy o960 Mhb

(CH CL) (CH.CL exchange) of .Exanp 1 s.,determ 1A

nmonospeci f i E:(’H‘rﬁf‘ft%oﬂfog%gs?I‘@Eﬁ%@k@ﬁﬂél@%@%wfgfﬁgﬁ l)fshtéel\g% ?Mgpggw h by

75% and t hate grégrepapdd MAPL Bor bhckgROn{mdaSHRmECREY kidysie buffemeacaddedgr owt h

by 89% SOTH)ethgi Ii}fggee%@ application of both antibodies (both at the sane
n

concentrations o whi ch results in 200nM anti body concentration in

total resulted in a conplete decrease of cell viabi]it =100%
i nhi bi% i on) A second cell I}the concentration was used at 0.025 mg/ml t%e state wa(s) dilute

1:2 and 100 pl was added per well to the pre-prepared MTP. The MTP were
incubated for a further 2 hour at RT with agitation and then washed 3 times with
PBS with 0.1% Tween®20 solution.

The detection antibody for EGFR was human EGFR goat biotinylated antibody at a

20 concentration of 36 pg/ml diluted 1:180 in PBS, 3%BSA and 0.2% Tween®20.
100 pl per well was added and incubated at RT for 2 hours with agitation. The
MTP was then washed three times with 200 pl per well of PBS with 0.1%
Tween®20 solution. Then Streptavidin-HRP 1:200 in PBS, 3%BSA and 0.2%
Tween®20 100 pl per well was added and incubated with agitation for 20 minutes

25 at RT. The plate was then washed six times with PBS with 0.1% Tween®20
solution. 100 pl per well of 3,3°-5,5’-Tetramethylbenzidin (Roche, BM-Blue ID-
No.: 11484581) was added and incubated for 20 minutes at RT with agitation. The
color reaction was stopped by adding 25 pl per well of 1M H;SO4 and incubating
for a further 5 minutes at RT. The absorbance was measured at 450nm.

30 For IGF-1R detection

The streptavidin-MTP (Roche ID. No.: 11965891001) was prepared by adding 100
ul per well of the antibody AKla-Biotinylated (Genmab, Denmark) which was
diluted 1:200 in PBS, 3%BSA and 0.2% Tween®20. The streptavidin-MTP was



WO 2010/ 034441PCT/ EP2009/ 006782 - 90 - The bispecific, bivalent domain
exchanged <EGFR-1 GF1R> anti body nol ecul es Cross-Mab (VHNL) and Cross- Mab
(CH CL) (wWOD20wmseHtirati ons of only 100 nM each showed RCIEPI@PANEBZ| y
conplete ( 00% inhibition of cell growh. This indicates that a bispecific
anti body according to the invention cagéconpletely 5 inhibit tunor cell
gromh at a | ower antibody concentration than the conbination of the
correspondi ng nonospeci fic parent antibodies, while the nonospecific parent
anti bodi es #icobatedfiny hawse & Towithiagitatiomarsi thew wasiedahysiedimes with 200 pl

Expr essi on & Ry éllB Bs WAl ®1PHwasehH kGlutibih val ent ScFab- Fc fusion
<EGFR10I GFl% ant | ody mol écul e scFab- Félzl1 Anal ogous to the procedures

described in Exanple 1 and 9, bispecific, biyvalent ScFab-Fc
<EGFR | GF1 R;haﬁmoyaag;f potsin llrréh%%l?@ﬁaﬁeéé*saécﬁeéﬁmn%?%%we H’{:}F{sbmt%‘ﬂeci fic
<EG-R - | GFA%Bgf ﬂﬂ(fha@s)y theScell I§0atbasert then tadiyestbeacyy pcditalmrbonaentaahbﬂ oformai ns

f
(()derSF ed fL\lﬁ) |@QH%Q@¥E§I1%%§E) ;2{4&%@? | g“e 5 ngrlﬁﬁg sﬁ%g %Ilondllgg

to EGFR, angroveast hﬂuhﬁmyzotmdnl(mapl abt wetimfauhnslyme 8@ added\® tix3preand t he

i ght chain ' | f SEQ 1D NO 25 (derived fromthe human
antil G- 1R g?/e?&lbeﬁg{rggtg%w HUMAB Cl one 18 (DSM ACC 2587)) as second

antigen-binding site binding to | G=-1R 20The exp SSIOI’] |ela af t
affinity chﬁoﬁ@ﬁ@@b@%ﬂh’?ﬁtﬁﬁ‘i’fi@n\”?‘&%‘wﬁ B!@eéébﬂé?é% 3{|3§ ﬁsﬁeé‘n S\Neden)

and Super dexg@{1 wag fadeeﬁ:betswgm t& hfeomipa aaahstrewvedla%ﬁrgm bavkgiduad
scFab-Fc. Table 10: Yi ﬁdﬂ g fi eci 5 F gg f ({u%ﬂ;
<EGFRY Glegleé?HrF‘BS’btfo LS qé@ 4 ({%f’ W@Qd? TR AIKA™PUr T i cation
Supernatant Protein A SEC Yield Mno. Yield Mno. 1.0 L 32.5 ng

The MTP were incubated for a further 1 hour at RT with agitation and then washed

3 times with PBS with 0.1% Tween®20 solution.

The detection antibody for IGF-1R was human IGF-1R@ rabbit antibody (Santa
Cruz Biotechnology, Cat. No. sc-713) diluted 1:750 in PBS, 3%BSA and 0.2%

Tween® ;
Tween 20. 100 pl per well was added and incubated at RT for 1 hour with

[
wu

agitation. The MTP was then washed three times with 200 ul per well of PBS with
0.1% Tween®20 solution. The secondary antibody was then added rabbit [gG-POD
(Cell signaling Cat. No. 7074) 1:4000 in PBS, 3% BSA and 0.2% Tween®20, 100
ul was added per well and incubated with agitation for 1 hour at RT. The plate was
20 then washed six times with PBS with 0.1% Tween®20 solution. 100 pl per well of
3,3’-5,5’-Tetramethylbenzidin (Roche, BM-Blue ID-No.: 11484581) was added
and incubated for 20 minutes at RT with agitation. The colour reaction was
stopped by adding 25 pul per well of IM H,SO4 and incubating for a further 5

minutes at RT. The absorbance was measured at 450nm.

25 The results of the receptor downregulation detection by the bispecific scFab
containing XGFR molecules compared to the parent monospecific antibodies
<EGFR>ICR62 and <IGF-1R> HUMAB-Clone 18 in H322M cells is shown in
Figures 20 and 21. The bispecific antibodies scFab-XGFR downregulate both
EGFR- as well as the IGFIR. This shows that full functionality (biological

30 functionality) and phenotype mediation of the binding modules is retained. Figure
21 also indicates that, surprisingly, the bispecific antibodies scFab-XGFR_2720
showed an improved downregulation of EGFR compared to the parent
<EGFR>ICR62 antibody alone.



88% 29.7 my 100 % 25 WD 2010/034441PCT/ EP2009/006782 - 91 - Exanple 18
Downr egul ation of EGFR- as well as | G--1R- by bispecific, bivalent ScFab-Fc
f usi on <BEPRe10EB1A* antibody nol ecul es Anal ougousl| y POTEP2a0m9loac782 t he
downregul ation of EGFR- as well as I GF-1R on 5H322M tunor cells caused by
bi specific, bivalent ScFab-Fc fusion <BGR-1G-1R> antibody of Exanple 17 is
determ ned. Exanple 19 Tunor growth inhibition of tunor cell |ines
in vitro bispecific, bivalent ScFab-Fc 10fusi on <EGFR- |1 GF1R> anti body

mol ecul es AR fagbtiet scFiab containpnge XCFR Ihearianovhegy anmlind to Hiespme aisays aH322|v|
tumor cel| Slfgﬁtllésﬁi ?HSﬁhﬁlbé? SRR e sEpEabr "E@ttéﬂJ%b@ﬂuEdE% |tE WRrdtgpé | body

of Exanple t erm ned urvi val a s.in th

or t hot opi c %@de@én%}%ﬁ% theb &l abgpIFRédPP[l?F 3%3‘2?90"5’8@? %él‘tnt rfcoing v

(NSCLQ) vvergotgrsi ta{hwbysal ned from ATCC and after expansion dep03| ted in
t he internal ceI ban Tunor cell line was routinely cultured in DVEM

medi um (A Sg tierl and) supplenented with 10 % fetal 20 bovine serum
(Invi tsroge | and) and 2 mM L- gl ut am ne <hy BCO Switzerland) at 37 C
in a wat er - eFabvXGER] aidwFphXGFR2-medixagrowtinhibitiop of sumer wlidinget or med
with trypsip./ EDTA | x (G BCO Switzerland) splitting every third day.
Passage 10 vvas used for injection. Animals

The human anti-IGF-1R antibody <IGF-1R> HUMAB Clone 18 (DSM ACC 2587)
inhibits the growth of tumor cell lines that express the IGFIR (WO 2005/005635).
10 In a similar manner, the humanized rat anti-EGFR antibody <EGFR>ICR62 has
been shown to inhibit the growth of tumor cell lines that express EGFR
(WO 2006/082515). To evaluate the potential inhibitory activity of the different
scFab-XGFR1 variants in growth assays of tumor cell lines, the degree of
inhibition in H322M cells which express EGFR as well as IGFIR was analyzed.

15 H322M cells (5000 cells/well) were cultured in RPMI 1640 media supplemented
with 10% FCS on poly-HEMA (poly(2-hydroxyethylmethacryiate)) coated dishes
to prevent adherence to the plastic surface. Under these conditions H322M cells
form dense spheroids that grow three dimensionally (a property that is called
anchorage independence). These spheroids resemble closely the three dimensional

20 histoarchitecture and organization of solid tumors in-situ. Spheroid cultures were
incubated for 7 days in the presence of 100 nM antibodies. The Celltiter Glow
luminescence assay was used to measure growth inhibition. When H322M spheroid
cultures were treated with <IGF-1R> HUMAB-Clonel8 an inhibition in growth

could be observed.

25 Figure 22 shows that the application of 100nM <IGF-1R> HUMAB-Clonel8
reduced the cell growth by 72%, and that the application of 100nM <EGFR>ICR62
reduced the cell growth by 77% in the same assay. The simultaneous application of
both antibodies (both at the same concentrations of 100 nM) resulted in a complete
decrease of cell viability (100% inhibition). This indicates that simultaneous

30 interference with both RTK pathways has a more profound effect on tumor cell
lines than the interference with just one pathway alone. Application of various
scFab-XGFR1-variants at molar concentration of 100nM resulted in a higher
growth inhibition that was more pronounced that that observed with single

molecules alone. In fact, at an antibody concentration of 100 nM, various scFab-



25SCI D beige fenmal e mce; age 8-9 weeks at start of experinent (purchased
fromCharles R ver, Sulzfeld, Germany) were naintai ned under

speci fi c-ywarhwgsuuiiree condition with daily cycles of 1PCh/HPR@004782 h
dar kness according to commtted guidelines (GV-Sol as; Felasa; Tiersch@.
Experimental study protocol was reviewsd-and approved by | ocal governnent
(P 2005086). After arrival animals 30were nmaintained for one week to get
accustomed to new environnent and for observation. Continuous health

noni t ori ng XGFRdavariasts swweh qoptplétar (199%4)s inhiion of cell growth, while

2010/ 034441 5T EE2008 05 H8utes S2yscd BHHartldniboCL i on AL day of

i nj ection, tunor wer e harvested using trypsin-EDTA (G bco,
Switzerland) fromculture f|lasks (G einer Ei 0-One)_ang transferred into 50

M cul ture Wedeans|udsetbeerFehotGER Y melserlpe tega ipRofRERFLY ipgiepreg, srowth
Swi t zer | andhhitRiofy tRfivity eatddonal Ig@esthangoly Hinwtdte/ witteleitheo BGHR r at i on
was determ ned usi ng ?‘ ﬁell ﬁounter. For injection of A549 cells, the final
titer dnas aUPAGPriGFER§180aiBg cells/m . Subsequently 200 | of this

m xture was injected into the lateral tail vein of the mce using a 1.0 ni
t uber cul i n Exampleld BD Bi osci ences, Germany)). Treatnent 10Ani mal treatnent

started two f L i : , ok .
The bi speci F?@&gﬁg ?éEg'—'E;daé%fm ﬁ@iﬁ%ﬁh%’@g %&%{%ﬁ%ﬁiﬁ@ Eg‘p‘)}ggzgﬁ
GE, XGFRL- 3UZH1RE antbeprmutenlesCross-diah QMHVANBHOVE fomaip gx¢hange

correspondi gocyeRivhas (wm@mgcfm'cﬂ abadin exchafpee weekly at the indicated
Yy (0]

doszﬁge. A nmont Nl . se was adm nistered till the end of the experiment.
L e 0 kel SBHES BRI A3 RO, 20
anal ysi s i ndérhainoetdhahggl <EATIOIGE Ry aiftibodp dmbleGnlss pCiass-ddab (VH/VL)
(VH/VL exchange as described in WO 2009/080252) and Cross-Mab (CH/CL)
(CH/CL exchange as described in WO 2009/080253) were expressed and purified.
Both bispecific <EGFR - IGF-1R> antibodies were based on the heavy chain
15 variable domains of SEQ ID NO: 8, and the light chain variable domains of SEQ
ID NO: 10 (derived from humanized <EGFR>ICR62) as first antigen-binding site
binding to EGFR, and on the heavy chain variable domains of SEQ ID NO: 23, and
the light chain variable domains of SEQ ID NO: 25 (derived from the human anti-
IGF-1R antibodies <IGF-1R> HUMAB Clone 18 (DSM ACC 2587)) as second
20 antigen-binding site binding to IGF-1R.

The expression yields after by affinity chromatography using Protein
A-SepharoseTM (GE Healthcare, Sweden) and Superdex200 size exclusion
chromatography were 29.6mg/L for the Cross-Mab (VH/VL) and 28.2mg/L for
the Cross-Mab (CH/CL).

25 The relevant full (partially modified) light and heavy chains amino acid sequences
of the corresponding bispecific antibodies are given in SEQ ID NO: 30 -33 for the
Cross-Mab (VH/VL) and in SEQ ID NO: 34 -37 for the Cross-Mab (CH/CL).



ani mal s Conpound Dose ng/ kg Route/ Mdde of administration No of treat-

ments 1 10 Vehicle (+ 2 scouts) - i.v. 3 2 10 <EGFRACR 62 CE and <I G~ 1R>
HUVABC orwb20od3wghikg + 10 ng/ kg i.v. 3 PCT/EP2009/006782
-89-
Example 15

Downregulation of EGFR- as well as IGF-1R- by bispecific, bivalent domain
exchanged <EGFR-IGF1R> antibody molecules Cross-Mab (VH/VL) or

Cross-Mab (CH/CL)

5 Analogously to Example 12 the downregulation of EGFR- as well as IGF-1R on
H322M tumor cells by bispecific, bivalent domain exchanged <EGFR-IGFIR>
antibody molecules Cross-Mab (VH/VL) (VH/VL exchange) and Cross-Mab
(CH/CL) (CH/CL exchange) of Example 14 was determined.

Downregulation of EGFR of both bispecific, bivalent domain exchanged

10 <EGFR-IGF1R> antibodies Cross-Mab (VH/VL) and Cross-Mab (CH/CL) was
similar (Cross-Mab (VH/VL) ca. 41%) or slightly higher (Cross-Mab (VH/VL) ca
49%) when compared to the downregulation of monospecific <EGFR>ICR62 (ca
41%; at 9,38 pg Protein/ml).

Downregulation of IGF-1R of both bispecific, bivalent domain exchanged

15 <EGFR-IGF1R> antibodies Cross-Mab (VH/VL) and Cross-Mab (CH/CL) was
surprisingly significant lower (Cross-Mab (VH/VL) ca 17%) (Cross-Mab
(VH/VL) ca 20%) when compared to the downregulation of monospecific
<IGF-1R> HUMAB-Clonel8 (ca 85%; at 75 pg Protein/ml).

Example 16
20 Tumor growth inhibition of H322M tumor cell lines in vitro by bispecific,

bivalent domain exchanged <EGFR-IGF1R> antibody molecules_ Cross-Mab
(VH/VL) or Cross-Mab (CH/CL,

Analogously to Example 13 the tumor growth inhibition of H322M tumor cells of
bispecific, bivalent domain exchanged <EGFR-IGFI1R> antibody molecules Cross-
25 Mab (VH/VL) (VH/VL exchange) and Cross-Mab (CH/CL) (CH/CL exchange) of

Example 14 was determined.

At 100 nM the monospecific antibodies <IGF-1R> HUMAB-Clonel8 reduced the
cell growth by 75%, and that the application of 100nM <EGFR>ICR62 reduced the
cell growth by 89%.

30 The simultaneous application of both antibodies (both at the same concentrations of
100 nM which results in 200nM antibody concentration in total resulted in a

complete decrease of cell viability (=100% inhibition).



3 10 XGFRL-4421 GE 13.6 ng/kg i.v. 3 4 10 XGFR1-2421 GE 13.6 ny/ kg i
10 XGFR1-3421 GE 13.6 ngy/kg i.v. 3 6 6 <EGFR>I CR 62 GE 25 ng/kg i.V.
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The bispecific, bivalent domain exchanged <EGFR-IGFIR> antibody molecules
Cross-Mab (VH/VL) and Cross-Mab (CH/CL) (at concentrations of only 100 nM)
each showed also separately complete (=00%) inhibition of cell growth.

This indicates that a bispecific antibody according to the invention can completely
inhibit tumor cell growth at a lower antibody concentration than the combination of
the corresponding monospecific parent antibodies, while the monospecific parent

antibodies alone only caused partial inhibition.

Example 17
Expression & Purification of bispecific, bivalent ScFab-Fc fusion <EGFR-

IGF1R> antibody molecule scFab-Fc

Analogous to the procedures described in Example 1 and 9, bispecific, bivalent
ScFab-Fc fusion <EGFR-IGF1R> antibody scFab-Fc was expressed and purified.
This bispecific <EGFR - IGF-1R> antibody is also based on the heavy chain
variable domains of SEQ ID NO: 8, and the light chain variable domains of SEQ
ID NO: 10 (derived from humanized <EGFR>ICR62) as first antigen-binding site
binding to EGFR, and on the heavy chain variable domains of SEQ ID NO: 23, and
the light chain variable domains of SEQ ID NO: 25 (derived from the human anti-
IGF-1R antibodies <IGF-1R> HUMAB Clone 18 (DSM ACC 2587)) as second
antigen-binding site binding to IGF-1R.

The expression yields after by affinity chromatography using Protein
A-SepharoseTM (GE Healthcare, Sweden) and Superdex200 size exclusion

chromatography were 29.7mg/L for the scFab-Fc.

Table 10: Yield of bispecific, bivalent ScFab-Fc fusion <EGFR-IGFI1R> antibody

molecule scFab-Fc after expression and purification

Protein A SEC
Supernatant
Yield Mono. Yield Mono.
1.0L 325 mg 88 % 29.7 mg 100 %

The relevant full (modified) heavy chains amino acid sequences of the bispecific
antibody scFab-Fc are given in SEQ ID NO: 38 -39

. V.

35



3 GE = glycoengi neered Monitoring 5Animals were controlled daily for
clinical synptoms and detection of adverse effects nanely, respiratory

di stress,worpsweedinotility and scruffy fur. Study excl esir@mrewiovest a for
animal s were described and approved in the corresponding project |icense.
Identification / Staging WO 2010/ 034441PCT/ EP2009/ 006782 - 94 - Autopsy
Mce were sacrificed according to the termnation criteria (scruffy fur
arched back, inpaired | oconmotion). Fromall aninmal |ung tunors were

har vest ed fELJmnthhuent hi st opat hol ogi cal anal ysis (PFA, frozen).
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occurrence 0 ic event_and are sonetines referred to as

ti me-t o- evefsiomaf EGFRIG I Rerantibody anqlecuies t he death of a patient. If the
event does not occur before the end of a study for an observation or when a
st udy ObJeCAnM@agﬁﬁbkhﬁEﬂhmmylnaheﬁewhh%uamenbfmmﬁﬂlsm;wdwamb§Eﬂﬁhomon is

10said to b ored t he ex t 0 it is
known%that ﬁ?gﬁgs Egﬂf qﬁanc¥ﬁ% §C|$mé%%%glJ%UB§E¢VEQK¥)Egtéﬁ%Eed to be
anal yzed wi tEG§BeK}EalIR>zmdlbm§ybﬁﬂsampl@déuséetlemlyled}ave speci al i zed non- nor nal
di stributions, |like the exponential or Wibull. Furthernore, the censored
observations cannot be ignored w thout biasing the analysis. 15Kapl an-Mei er

curves give an estimtion of the survival functions for one or nore groups

of right-censored data. Table 12: Quantiles -Summary Medi an survival G ou
Medi an sur vExample l® vehicle 68 P

Tumor growth inhibition of tumor cell lines in vitro bispecific, bivalent ScFab-Fc
10 fusion <EGFR-IGF1R> antibody molecules

Analogously to Example 13 the tumor growth inhibition of H322M tumor cells of
bispecific, bivalent ScFab-Fc fusion <EGFR-IGF1R> antibody of Example 17 is

determined.

Example 20
15 Survival analysis in the orthotopic A549 xenograft model

Cell culture

A549 adenocarcinoma cells (NSCLC) were originally obtained from ATCC and
after expansion deposited in the internal cell bank. Tumor cell line was routinely
cultured in DMEM medium (GIBCO, Switzerland) supplemented with 10 % fetal
20 bovine serum (Invitrogen, Switzerland) and 2 mM L-glutamine (GIBCO,
Switzerland) at 37 °C in a water-saturated atmosphere at 5 % CO2. Culture passage
was performed with trypsin / EDTA 1x (GIBCO, Switzerland) splitting every third

day. Passage 10 was used for injection.
Animals

25 SCID beige female mice; age 8-9 weeks at start of experiment (purchased from
Charles River, Sulzfeld, Germany) were maintained under specific-pathogen-free
condition with daily cycles of 12 h light /12 h darkness according to committed
guidelines (GV-Solas; Felasa; TierschG). Experimental study protocol was
reviewed and approved by local government (P 2005086). After arrival animals

30 were maintained for one week to get accustomed to new environment and for

observation. Continuous health monitoring was carried out on regular basis.



<EGFR>I CR62 CGE 136 <EGFR>I CR62 GE and <|I GF-1R> HUMAB- Cl onel 8 207 XGFR1-4421
CGE 212 XGFR1-2421 GE 207 XGFR1-3421 GE 212 CE = glycoengi neered WO

2010/ 03444 0RCTIVIBRRD09/ 006782 - 95 - The quantil es tabl eprshmrsomhaes7aedi an
survival time. From Table Y follows that the nedian survival tine in days
of the treatnent with bispecific <EGFRO9RGF1IR> anti bodi es XG-R1-4421 CE,
XGFRL- 2421 GE, XGFR1-3421 GE is higher when conpared to the treatnent with
nonospeci fic <EGFR>I CR62 CGE, and is higher 5or at |east the sanme when
conpar ed t cTulmerceinjeetion wi t h t he conbi nati on of <EGFR>I CR62 GE and

<| GF- 1R> HUVAB- Cl onel 8 Exanple 21 Expression & Purification, in vitro
and. i n Vi vOAPUOPEE i o ADIS R dels Wik RiroBdccCafiaDtpsii B DA (GRTRR. | GFLR>
anti body nol ecul es scFabSS10 altagald e-S3 ang N-scFa SS—sakt-Brlyge-WBC
Anal ogous t Switralagd) dem, caliurge Hasks yyengr Bigriel and Frangiegied igto Ol o' e
bi val ent ScEighréenddiush 0w asteddick @ntiReswspendeddiy AtVe¥ UlGico, Switzerland).

N-scFabSS-sal.t bri dge-s3 and N-scRahSS gal | dae- d
puri 1 Re. ThBEeubrAFESHY HEbEENATT AT Y e QPRGN S ERREPRARR "
heavy chai naveit cater. F6r tijesionof ?¥549K@lls,Dhaifnalgtitenwas ediastes gnd-cndPh

variabl e dognins Qlips@eld) 8 W0 (MG ddamdkaaniose sl (R62) as

first antigen-binding’si ng - d on the_heavy _chain variable
domi ns of SHle nicauminga |G tubgeculin grangeBhBioseieneaseCaBmIMNs of SEQ I D
NO 25 (derived fromthe human anti-1 G- 1R anti bodi es <l G-- 1R> HUVAB C one
18 (DSM ACCrgéstheht @as second antigen- 20binding site binding to | G- 1R

10 Animal treatment started two weeks after tumor cell inoculation with 10 animals
per group. The bispecific anti-EGFR/anti-IGFIR antibodies XGFR1-4421 GE,
XGFR1-2421 GE, XGFR1-3421 GE, <EGFR>ICR62 GE, <IGF-1R> HUMAB-
Clonel8, and the corresponding vehicle were administered i.v. once weekly at the
indicated dosage. A monthly dose was administered till the end of the experiment.

15 The antibody dilutions were prepared freshly from stock before use.

20

25



The rel evant

full

(rodi fied) heavy chains am no acid sequences of the

bi specific anti body nol ecul es of N scFabSS-salt-bridge-s3 are SEQ I D NO
40- 41 andwlieeteais&Bisal t - bri dge-w3C are SEQ | D NO 42- 43 PCma&PR00P0ES2 0N

yields, purit

\Z

invitro and in vivo properties of

bi val ent ScFab- Fc fusion <EGFR-| GF1R> -#@3t-i body nol ecul es
N- scFabSS-sal t bri dge-s3 and N scFabSS-salt-bridge-w3C are determ ned

according to the exanpl es descri bed above.

Exa

npl e 22

bi speci fic,

25

Expression &

Purifi cati ofiablienl ki $tudy atedignnofv Bunyiyal cpalysiseln te drihatenit fAZ49 zenagrath| ent
han <EGFR-1 GF1R> anti body nol ecul es KiH C scFab-1 and

ScFab-1gG f
K1H C- scFab-

WO 2010/ 034441PCT/ EP2009/ 006782 -

cplak

96 -

and Ki H- C-scFab-2

(fusion of a
chain of a fu
of the knobs-
bi specific <E
variable 5 d

crdavu Y
Il 1eng
| GirBap O
GR - |

mai Ns

L.
pectrT1°C

Gmifnals
f SEQ |

| bt

£
1Ol

anti b
NO:

Gumpeurd gnt olel

echnol o

FHeFIRtothe

y
gy) arle expres

odi es |armgXgso
8 the ||

Gtermnus of

(or Rout¥/vers
sed Mode pLr i f

T

2) No#ler
i etteatfhe
g

heavy
usage
se

hai n

mai ns of

SEQ I D NO 10
site binding
23, and the |

(deriv
tp EGFR
i ght ch

ed fro
,10and O
ain var

e

| EBKE)

giczed [<EGFR>I G
heavy|l <chain v
donmai|ns of SH

R62) as first
arv.abl e doma
Q ID NO 25 (

antigen
s of SH
deri ved

- bi ndi ng
Q I D NO
fromthe

human anti - |
second anti ge
(rmodi fied) he
anti body nol ¢
NscFabSS- sal t
purity, in vi
ScFab- Fc fusi
NscFabSS- sal t
according to
97 - Patent
conprising a
second anti ge
said antigen-
vari abl e doma
ant i gen- bi ndi

regi on of SEQ I D NO
5

- 1R an

n- 10bi
avy and
cul es N
-bri dge
tro and
on <EGH
- bri dge

f1 bodi €
nl ng s
| i ght

- scFabS
-s3 ar e
in viv
R- | GF1R
- s3 and

S

$§@E§
et

| G 1R> HUMAB C
TROER K| Tomefse
CémGESandMm N

cHPMBE t i €

acid s
EQ IID NO. 44
NO: | H¥rmg/k49
of , b
iody ol ecul e
EabSS-kalt-bri

F

9

pquences of t
46, and of
The express
specific,
5 N-scFabSS,

t he exal
© ai s
first

es d

SPECI

&Rl

Eanti gen-

e b WO
efiAbbyge | W

pingtieng

a
2010/ 034441

site that bin

18 (DSM A
1TR" The rel ev

15

2587)
t full
he bi spe

i on yi el
bi val en

Cy/ EP200

nding to EGHR and | G
s to EG

as
cific
ds,

t

d
9/ 006782
- 1R

FR and a

N- bi ndi
b&nding
n and

. A bi
site

ng(?tes

an ant i

P W W]

basly

o

5t hat bl nd
A KSERA 42

| i ght chaikg va

08 L

AN ‘ant i body h

char act e

i abl e donmai nj

zed in
vy cha
ii) sa

£

that i)
n
d first

o 1t~
LAY} ST L ©

CUTITYI 1

1o a @

€S

GE

DR% PRag3 421

n+ [}
L LA~ cdadvy CTI

pi3.6EQ |
mg/kg

B vartabte

Di-V.

fomai ma
3

CDR3

<EGFR>ICR
62 GE

25 mg/kg

1.v.

GE = glycoengineered

Monitoring

Animals were controlled daily for clinical symptoms and detection of adverse

effects namely, respiratory distress, impaired motility and scruffy fur. Study

exclusion criteria for animals were described and approved in the corresponding

project license.

Identification / Staging

10

Mice were randomly distributed at staging. Animals were housed in M3 size cages.



10 NO 2, and a CDR1 region of SEQID NG 3, and in the light chain
vari able donmain a CDR3 region of SEQID NO 4, a CDR2 region of SEQ ID
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accor di ng t RisfopaihBlokical hddl s @HA debzen). t hat i) said first
antigen-binding site conprises in the heavy chain variable 25 donmain a CDR3
regi on of SS'IDlNogll a CDR2 region of SEQID NO 2, and a CDRl region of
SEQ I D NG 3 | ight chain variable domain a CDR3 region of SEQ ID
NO 4, a CDR2 region of SEQ ID NO 5, and a CDRL region of SEQ ID NGO 6; and
ii) said seSurvivahdatagentabi dutation fsm%un,tdrfbe peausrenge oiesnesHiseveRtd™ &F&r i abl e
30domai n a mlrﬁgsg#e?%% toS§Q1ﬂ1pt6\Jg/erﬁjdat@ l(ﬁ@lgreﬁte&ino@goﬁe %Qdaﬂl doa 12,

and a CDR1 regi on o

3, and in
2010/ 0344419@@5#@@@9?\@96#@% not 9’8"‘“ ‘%Péﬁ‘fFé‘b? ‘é“‘blﬁt%?th‘dé %ﬁﬁ%o'?sgb‘ia&ﬂné’f SEQ I D
NO h14b a CQIRf%n raeﬁhd}ng@'kctsﬁ@ésugw btk the GOBt @i nhobbSEQtIoD B0 1;3
3. The bi speci.fic anti rding to.cl |m1 I
said ¥ rst SHEIQBRSHSH —5 & By vaévaé iy H"l%ﬂ) I@)%’hg éslzﬁr%\%l{;tlhagﬁ
domai n a CDR3greatei than dfe spECfiedvN@e. 1, a CDR2 region of SEQ ID NG 2, and a
CDR1 region of SEQID NG 3, and in the light chain variable domin a CDR3

f S fg f
rSEgQI ?B KIO GEQr\Jl\gal M’%ta g‘%?dgtogggéﬁé]%@?“m pebializdd Methods aﬂ&aﬁseqﬂg% K@i on o

nti gen-bi ndi ng S|te c ses in the
heavy chain snesfalizpd gon-gormag |¢a$tﬁb‘éf1‘@§§:g¥ker %.%ﬂowtls}m i:vﬁherglom

regi on of Sk deRsdied oBservatidels arfnbfBe i’@&édﬂvﬁﬁouﬁﬁ@sin@th&rﬂzﬂysﬁind in the
| i ght chain variable domain a CDR3 region of SEQ ID NGO 20, a CDR2 region

g;t |SE Iy Dac éﬁ“rﬁe‘% cgﬁg'gfl’qﬂgfvrfea%c%gwgf{?f’ glrz ?zﬂé%l SuNr% %ﬁ g%n%gg‘%ef sal g %? |nfr1e§rt§

ant i gen- bi ngroups of tighteampored dstaas heavy chain vari abl e domai n

Table 12: Quantiles -Summary Median survival

Group Median survival Time
Vehicle 68
<EGFR>ICR62 GE 136
<EGFR>ICR62 GE and <IGF-1R> 207
HUMAB-Clonel8

XGFR1-4421 GE 212
XGFR1-2421 GE 207
XGFR1-3421 GE 212

GE = glycoengineered



SEQIDNO 7 or SEQID NO 8, and as light chain variable domain SEQ ID NO
9 or SEQ ID NO 10 1) said second antigen-binding site conprises as
heavy chawo 2vavisadalie domain SEQ ID NO 23 or SEQ | D NO pe#/EPacd/oast i ght
chain variable 20domain a SEQ ID NO 25 or SEQ ID NGO 26. 5.The bispecific
antibody according to claim1l, charactesi-zed in that i) said first
antigen-binding site conprises as heavy chain variable domain SEQ ID NGO 8,
and as light chain variable domain SEQ ID NG 10, ii) said second

anti gen- bi ntihenguahltm«s talﬂmshm\seﬂmeasedwawvwlahﬁmevEnorraEalEle Mstdlesisthgitie | D NO

23, and as ||
2010/ 034441?9&@J ﬁ%ﬁ%&oé%?pdg’@ggwﬁﬁ%@ Wgcl\;{? peitic < ?@FR I ecording to
any one of mtémodwsj?((ﬁBRB-M%h&‘ﬂ%mX@FRié’dzirGEh’é FRA:3424 4¢F pohi F%W%

gl ycosyl at e&’oﬁéj\ﬁéréu fo e atRBRl Wit m&&%@&f\é@%l@%w@umci af Highepse

within said gar chain is 65 % or ceutic ition
conpr i5si ng o B ?ﬁ@c'ihf:lst?m&n‘(vpf)‘bﬁﬁ?mg&'@ I’tﬂl th@ tfetﬁ‘“?)%fq ’grﬁ ?het 80“?{,111@18{5?_8%

phar maceut i eBGFROIORE2 GR4hdadCR- R AGIUMAB-@lloned8 f or the treat ment of
cancer. 10. A bispecific antibody according to any one of clains 1 to 7 for

the treatnmept of . cancer. 1011. Use of a bispecific antibody according to
clains 1 to-ﬁ—’f%—ﬁ:e manuf acture of a medi canent for the treatnent gf
cancer. 12.EApressiond&ofPurifécatienntinovitpmtandnin s\ive apriopgrtiesoaf disresificy
adm ni steri g ]@f’enl?' B'ﬁd fusitll | RRGFRICHIR-NAntiPody RhdlBeules N-seFaBS8—pat i ent

in the need of such treatnent.
10 salt-bridge-s3 and N-scFabSS-salt-bridge-w3C

Analogous to the procedures described in Examples 17, 1 and 9, bispecific,
bivalent ScFab-Fc¢ fusion <EGFR-IGFIR> antibody molecules N-scFabSS-salt-
bridge-s3 and N-scFabSS-salt-bridge-w3C are expressed and purified. These
bispecific <EGFR - IGF-1R> antibodies are also based on the heavy chain variable
15 domains of SEQ ID NO: 8, and the light chain variable domains of SEQ ID NO: 10
(derived from humanized <EGFR>ICR62) as first antigen-binding site binding to
EGFR, and on the heavy chain variable domains of SEQ ID NO: 23, and the light
chain variable domains of SEQ ID NO: 25 (derived from the human anti-IGF-1R
antibodies <IGF-1R> HUMAB Clone 18 (DSM ACC 2587)) as second antigen-
20 binding site binding to IGF-1R.

The relevant full (modified) heavy chains amino acid sequences of the bispecific
antibody molecules of N-scFabSS—salt-bridge-s3 are SEQ ID NO: 40-41 and N-
scFabSS-salt-bridge-w3C are SEQ ID NO: 42-43

The expression yields, purity, in vitro and in vivo properties of , bispecific,
25 bivalent ScFab-Fc fusion <EGFR-IGF1R> antibody molecules N-scFabSS-salt-
bridge-s3 and N-scFabSS-salt-bridge-w3C are determined according to the

examples described above.

Example 22
Expression & Purification, in vitro and in vivo properties of bispecific,
30 trivalent ScFab-IgG fusion <EGFR-IGF1R> antibody molecules KiH-C-

scFab-1 and KiH-C-scFab-2

Analogous to the procedures described in Examples 1 and 9, 17, bispecific,
trivalent ScFab-IgG fusion <EGFR-IGF1R> antibody molecules KiH-C-scFab-1



10

15

WO 2010/034441 PCT/EP2009/006782

- 96 -

and KiH-C-scFab-2 (fusion of a scFab specific for IGF1R to the C-terminus of only
one heavy chain of a full length EGFR specific antibody (or vice versa) under
usage of the knobs-into-holes technology) are expressed and purified. These
bispecific <EGFR - IGF-1R> antibodies are also based on the heavy chain variable
domains of SEQ ID NO: 8, and the light chain variable domains of SEQ ID NO: 10
(derived from humanized <EGFR>ICR62) as first antigen-binding site binding to
EGFR, and on the heavy chain variable domains of SEQ ID NO: 23, and the light
chain variable domains of SEQ ID NO: 25 (derived from the human anti-IGF-1R
antibodies <IGF-1R> HUMAB Clone 18 (DSM ACC 2587)) as second antigen-
binding site binding to IGF-1R.

The relevant full (modified) heavy and light chains amino acid sequences of the
bispecific antibody molecules N-scFabSS are SEQ ID NO: 44 - 46, and of N-
scFabSS—salt-bridge-s3 are SEQ ID NO: 47 - 49.

The expression yields, purity, in vitro and in vivo properties of , bispecific,
bivalent ScFab-Fc fusion <EGFR-IGF1R> antibody molecules N-scFabSS, N-
scFabSS—salt-bridge-s3 and N-scFabSS-salt-bridge-w3C are determined according

to the examples described above.
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Patent Claims

1. A bispecific antibody binding to EGFR and IGF-1R comprising a first
antigen-binding site that binds to EGFR and a second antigen-binding site
that binds to IGF-1R, characterized in that

i)

said antigen-binding sites are each a pair of an antibody heavy chain

variable domain and an antibody light chain variable domain;

said first antigen-binding site comprises in the heavy chain variable
domain a CDR3 region of SEQ ID NO: 1, a CDR2 region of SEQ ID
NO: 2, and a CDR1 region of SEQ ID NO:3, and in the light chain
variable domain a CDR3 region of SEQ ID NO: 4, a CDR2 region of
SEQ ID NO:5, and a CDR1 region of SEQ ID NO:6; and

iii) said second antigen-binding site comprises in the heavy chain variable

domain a CDR3 region of SEQ ID NO: 11, a CDR2 region of SEQ ID
NO: 12, and a CDR1 region of SEQ ID NO:13, and in the light chain
variable domain a CDR3 region of SEQ ID NO: 14, a CDR2 region of
SEQ ID NO:15, and a CDRI1 region of SEQ ID NO:16;

or said second antigen-binding site comprises in the heavy chain variable
domain a CDR3 region of SEQ ID NO: 17, a CDR2 region of SEQ ID
NO: 18, and a CDR1 region of SEQ ID NO:19, and in the light chain
variable domain a CDR3 region of SEQ ID NO: 20, a CDR2 region of
SEQ ID NO:21, and a CDR1 region of SEQ ID NO:22.

2. The bispecific antibody according to claim 1, characterized in that

i)

said first antigen-binding site comprises in the heavy chain variable
domain a CDR3 region of SEQ ID NO: 1, a CDR2 region of SEQ ID .
NO: 2, and a CDRI region of SEQ ID NO:3, and in the light chain
variable domain a CDR3 region of SEQ ID NO: 4, a CDR2 region of
SEQ ID NO:5, and a CDR1 region of SEQ ID NO:6; and

said second antigen-binding site comprises in the heavy chain variable
domain a CDR3 region of SEQ ID NO: 11, a CDR2 region of SEQ ID
NO: 12, and a CDRI region of SEQ ID NO:13, and in the light chain
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variable domain a CDR3 region of SEQ ID NO: 14, a CDR2 region of
SEQ ID NO:15, and a CDR1 region of SEQ ID NO:16.

The bispecific antibody according to claim 1, characterized in that

i) said first antigen-binding site comprises in the heavy chain variable
domain a CDR3 region of SEQ ID NO: 1, a CDR2 region of SEQ ID
NO: 2, and a CDR1 region of SEQ ID NO:3, and in the light chain
variable domain a CDR3 region of SEQ ID NO: 4, a CDR2 region of
SEQ ID NO:5, and a CDR1 region of SEQ ID NO:6; and

ii) said second antigen-binding site comprises in the heavy chain variable
domain a CDR3 region of SEQ ID NO: 17, a CDR2 region of SEQ ID
NO: 18, and a CDR1 region of SEQ ID NO:19, and in the light chain
variable domain a CDR3 region of SEQ ID NO: 20, a CDR2 region of
SEQ ID NO:21, and a CDR1 region of SEQ ID NO:22.

The bispecific antibody according to claim 1, characterized in that

i) said first antigen-binding site comprises as heavy chain variable domain
SEQ ID NO: 7 or SEQ ID NO: 8, and as light chain variable domain
SEQ ID NO: 9 or SEQ ID NO: 10

ii) said second antigen-binding site comprises as heavy chain variable
domain SEQ ID NO: 23 or SEQ ID NO: 24, and as light chain variable
domain a SEQ ID NO: 25 or SEQ ID NO: 26.

The bispecific antibody according to claim 1, characterized in that

i) said first antigen-binding site comprises as heavy chain variable domain
SEQ ID NO: 8, and as light chain variable domain SEQ ID NO: 10,

ii) said second antigen-binding site comprises as heavy chain variable
domain SEQ ID NO: 23, and as light chain variable domain a SEQ ID
NO: 25.

The bispecific antibody according to any one of claims 1 to 5, characterized

in that said antibody is bivalent, trivalent or tetravalent.
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The bispecific antibody according to any one of claims 1 to 6, characterized
in that said antibody is glycosylated with a sugar chain at Asn297 whereby

the amount of fucose within said sugar chain is 65 % or lower.

A pharmaceutical composition comprising a bispecific antibody according to

claims 1 to 7.

The pharmaceutical composition according to claim 8 for the treatment of

cancer.

A bispecific antibody according to any one of claims 1 to 7 for the treatment

of cancer.

Use of a bispecific antibody according to claims 1 to 7 for the manufacture of

a medicament for the treatment of cancer.

A method of treatment of patient suffering from cancer by administering a
bispecific antibody according to claims 1 to 7 to a patient in the need of such

treatment.



