26575 WO-W Bi specific anti-ErbB-2 /anti-c-Met antibodi es The present
invention relates to bispecific antibodi es agai nst human ErbB-2 and agai nst
human c- NeO,20m0et1bssds for their production, pharmceuti cRCTEPAQROSDINONS
contai ning said antibodies, and uses thereof. Background of the Invention
ErbB famly proteins The ErbB protein famly consists of 4 nmenbers ErbB-1,
al so naned epidermal growmh factor receptor (EGFR) ErbB-2, also nanmed HER2
in humans and neu in rodents, ErbB-3, also nanmed HER3 and E&B3MWO3Wdo
named HER4. The ErbB famly prot eins are receptor tyrosine kinases and

represent inportant nedi ors .entiation and survival .
ErbB-2 and anti-ErbB-2 a ﬁpﬁﬁﬁ%&‘ﬁ hébg )Nhg'cr'r@irﬁ‘) {'E?&'fﬁe ErbB protein
famly, ErbB-2 (also known as ERBB2, HER2; CD340, HER-2/neu, c-erb B2/ neu
prot ei n, neuffbblpeseonivghtiobteseo mbipedifie dntbabeeagimmt ooy ErbB-2rabdb2
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protein that has no n I't's own an ore cannot
bi nd growt h ﬁ@mmrrgsa @ﬁleS,lqﬂddlé@%thBWeﬁﬁ tightly to other Iigand-bound
EGF receptor famly nmenbers to forma heterodiner, stabilizing |igand

bi ndi ng and gab uid JfithebfefBidhat ed activation of downst ream si gnal | i ng
pat hways, such as tﬁose | nvol vi ng mi togen-activated protein kinase and
phosphat i dyl E‘Fgﬁsﬁ Jase. Allelic variations at am no acid positions
654 and 655 81“61”‘ 3 (Wosi tions 624 and 625 of isoformb) have been

reported, w ThetBrbBrmsteirc damidy cahsigth ef HeatBabiekd E85%-1, slsovwmnirel epidermal
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numer ous canfers, I nc reast and ovarian t I|cing

results in seaents) Exehtids |al§ﬁallaftl¢(hhﬂiﬂ3 pad \FabBé‘nt%SO Q@ﬁ@d &HERi Ree er ent
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origin id ied.as the ct .of the transform ng gene from
neurobﬁ%stonﬁépgf""é]i‘r Eréml‘?“’tnraé’gtséﬁ’w%lts The activated form of the neu

pr ot o- oncogene results froma point nutation (valine to glutamc acid) in
t he transnenirbBe aedjanti-ExbB-2antibadided protein (Senba, K, et al., PNAS 82

(1985) 6497- R seSRUSRERSer If the qixrbﬁlproteﬁc-fa?rﬂﬁg EHR-A (’Ia?s%%ojvar?’gs' %RB%%, gnann,
HER2; CD340, HER-2/neu, c-erb B2/neu protein, neuroblastoma/glioblastoma
derived oncogene homolog | v-erb-b2 avian erythroblastic leukemia viral oncogene

15 homolog 2; SEQ ID NO:14) is a protein that has no ligand binding domain of its
own and therefore cannot bind growth factors. However, it does bind tightly to
other ligand-bound EGF receptor family members to form a heterodimer,
stabilizing ligand binding and enhancing kinase-mediated activation of downstream
signalling pathways, such as those involving mitogen-activated protein kinase and

20 phosphatidylinositol-3 kinase. Allelic variations at amino acid positions 654 and
655 of isoform a (positions 624 and 625 of isoform b) have been reported, with the
most common allele, Ile654/Ile655, shown here. Amplification and/or
overexpression of this gene has been reported in numerous cancers, including
breast and ovarian tumors. Alternative splicing results in several additional

25 transcript variants, some encoding different isoforms and others that have not been
fully characterized. ErB-2 was originally identified as the product of the
transforming gene from neuroblastomas of chemically treated rats. The activated
form of the neu proto-oncogene results from a point mutation (valine to glutamic
acid) in the transmembrane region of the encoded protein (Semba, K., et al., PNAS

30 82 (1985) 6497-501; Coussens, L., et al., Science 230 (1985) 1132-9; Bargmann,
C.I, et al., Nature 319 (1986) 226-30; Yamamoto, T., et al., Nature 319 (1986)
230-4).



Cl., et al., Nature 319 (1986) 226-30; Yamanoto, T., et al., Nature 319
(1986) 230-4). Amplification of the human honol og of neu is observed in
breast amioavwyiidds3cancers and correlates with a poor pPOFEP219/008b@non,
D.J., et al., Science 235 (1987) 177-182; Slanon, D.J., et al., Science 244
(1989) 707-712; and US 4,968,603). To dape, no point nutation anal ogous to
that in the neu protooncogene has been reported for human tunors.
Overexpression of HER2 (frequently but not uniformy due to gene
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Antibodies directed against the human HER?2 protein products have been generated
e.g. by Hudziak, R.M,, et al., Mol. Cell. Biol. 9 (1989) 1165-1172 which describes
the generation of a panel of anti-HER2 antibodies which were characterized using

25 the human breast tumor cell line SK-BR-3. This panel of anti-HER2 antibodies
includes, inter alia, the 2C4 (pertuzumab) and 4DS5 (trastuzumab, Herceptin ™)
antibodies, which are directed to different epitopes of the extracellular domain of
HER?2. Relative cell proliferation of the SK-BR-3 cells following exposure to the
antibodies was determined by crystal violet staining of the monolayers after 72

30 hours. Using this assay, maximum inhibition was obtained with the antibody called
4D5 (trastuzumab, Herceptin™) which inhibited cellular proliferation by 56 %.
Other antibodies in the panel reduced cellular proliferation to a lesser extent in this
assay. The antibody 4D5 was further found to sensitize HER2-overexpressing
breast tumor cell lines to the cytotoxic effects of TNF-alpha (US 5,677,171). The

35 HER?2 antibodies discussed in Hudziak, R.M., et al. are further characterized in e.g.
Fendly, B.M., et al., Cancer Research 50 (1990) 1550-1558.



O her antibodies in the panel reduced cellular proliferation to a | esser
extent in this assay. The anti body 4D5 was further found to sensitize

HER2- overwQpo®sdbssg breast tunor cell lines to the cytoPCXIEP2€0/062906 of
TNF-al pha (US 5,677,171). The HER2 anti bodi es di scussed in Hudziak, R M,
et al. are further characterized in e.g-3Eendly, B.M, et al., Cancer

Research 50 (1990) 1550-1558.c-Met and anti-c-Met anti bodies MET
(mesenchynal -epithelial transition factor) is a proto-oncogene that encodes
a protein VE&:Métdmbantiorvieesntibddies hepat ocyte growt h factor receptor
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anti bax es aembkypomreger@raté damagi Hssa86in2aRaddllS Howkr6r, t2dcer \Wem cells are
thought to hijack the ability of normal stem cells to express MET, and thus become

the cause of cancer persistence and spread to other sites in the body.

The proto-oncogene MET product is the hepatocyte growth factor receptor and
encodes tyrosine-kinase activity. The primary single chain precursor protein is
25 post-translationally cleaved to produce the alpha and beta subunits, which are
disulfide linked to form the mature receptor. Various mutations in the MET gene

are associated with papillary renal carcinoma.

Anti-c-Met antibodies are known e.g. from US 5,686,292, US 7,476,724, WO
2004/072117, WO 2004/108766, WO 2005/016382, WO 2005/063816, WO
30 2006/015371, WO 2006/104911, WO 2007/126799, or WO 2009/007427

C-Met binding peptides are known e.g. from Matzke, A., et al., Cancer Res65 (14)
(2005) 6105-10. And Tam, Eric, M., et al., J. Mol. Biol. 385 (2009)79-90.



2004/ 0721 17, WD 2004/ 108766, WD 2005/016382, WD 2005/ 063816, WD

2006/ 015371, WD 2006/ 10491 1, WD 2007/126799, or WD 2009/007427 C- Met

bi ndi ng pEptitesmse known e.g. from Matzke, A., et al.PCCareE0/0RI8G65 (14)
(2005) 6105-10. And Tarn, Eric, M, et al., J. Mol. Biol. 385

(2009) 79-90. Mul ti specific anti bodies A wyde variety of reconbinant anti body
formats have been devel oped in the recent past, e.g. tetraval ent bispecific
anti bodies by fusion of, e.g., an I1gG anti body format and single chain
domai ns (Seel\'ﬁllﬂsp@ﬁﬁ@ﬂﬂ,md\dles J., et al., Nature Bi ot ech 15 (1997) 159- 163;
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Leger, O, Paphpbiology 74 (2007) 3-14; Shen, J., et al., Journal of
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mul ti speci fi BidedHd2B@07Y120MI297A. process for the preparation of
bi ol ogically active antibody diners is reported in US 6, 897, 044
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which are mediated through the Fc receptor binding, by maintaining a high degree

20 of similarity to naturally occurring antibodies.

In WO 2007/024715 are reported dual variable domain immunoglobulins as
engineered multivalent and multispecific binding proteins. A process for the
preparation of biologically active antibody dimers is reported in US 6,897,044.
Multivalent Fy antibody construct having at least four variable domains which are
25 linked with each over via peptide linkers are reported in US 7,129,330. Dimeric
and multimeric antigen binding structures are reported in US 2005/0079170. Tri- or
tetra-valent monospecific antigen-binding protein comprising three or four Fab
fragments bound to each other covalently by a connecting structure, which protein
is not a natural immunoglobulin are reported in US 6,511,663. In WO 2006/020258
30 tetravalent bispecific antibodies are reported that can be efficiently expressed in
prokaryotic and eukaryotic cells, and are useful in therapeutic and diagnostic
methods. A method of separating or preferentially synthesizing dimers which are
linked via at least one interchain disulfide linkage from dimers which are not linked
via at least one interchain disulfide linkage from a mixture comprising the two
35 types of polypeptide dimers is reported in US 2005/0163782. Bispecific tetravalent



tetraval ent bispecific antibodies are reported that can be efficiently
expressed in prokaryotic and eukaryotic cells, and are useful in

t her apeutwo 2ardiigisagnost i ¢ nmet hods. A nmet hod of separ at iPAT/EPR010/002006
preferentially synthesizing dinmers which are |linked via at |east one
interchain disul fide |inkage fromdinmersswhich are not |inked via at |east
one interchain disulfide |inkage froma m xture conprising the two types of
pol ypeptide diners is reported in US 2005/0163782. Bispecific
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constructs that are multivalent carrrers of Di-Specific antrbodies, 1.e.,
each nif) ecul étwvalant err bpxawdlert lgbnmplagules.ciiecpdenvechantibodies andrengtneersd or
more bi - Spe%ﬁﬁwodgn&drﬁeq_u@sare Q%g&-ftédcﬁ{ s 6890,866" GHlichi SREBETisedt @t fraxal ent
antibodies are reported in WD 1995/ 009917. I n WO 2007/ 109254 stabilized

bi ndi ng ol ediseasss Mhgreir getaren gamgla achivily isseathogenien i Pp@P030r(03¢ 3 are
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f r agnent WO 8/ 140493 relates to anti -.EGFR fam |
e ant | bt G ARETE A ArEETaRlS COMEUBLCRCHEYS & hSaBIRE of Fifor arore
ant i - BGFR f abi-bpecifenfrgibodiesi Geuktieslly ofginoa4d OEpLE 66 tetedvatens ahbdslispaei fi c
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ant agoni st s. ta/m{izﬂé??&halskd@ﬁéiﬁg%ih%eféhMBtFaamgdfaeﬂﬁsgnmgch i nduces c- Met

downregul ation/internalization and their potential use in bispecific
antibodi es | lQ’&8r2008/ 140493 relates to anti-EGFR family member antibodies and bispecific

20 antibodies comprising one or more anti-EGFR family member antibodies.
US 2004/0071696 relates to bispecific antibody molecules which bind to members
of the EGFR protein family.

WO02009111707(A1) relates to a combination therapy with Met and HER
antagonists. W0O2009111691(A2A3) to a combination therapy with Met and EGFR
25 antagonists.

WO02004072117 relates to c-Met antibodies which induces c-Met
downregulation/internalization and their potential use in bispecific antibodies inter

alia with ErbB-2 as second antigen.

Summary of the Invention

30 A first aspect of the current invention is a bispecific antibody specifically binding
to human ErbB-2 and human c-Met comprising a first antigen-binding site that
specifically binds to human ErbB-2 and a second antigen-binding site that

specifically binds to human c-Met, characterized in that said bispecific antibody



alia with ErbB-2 as second antigen. Sunmary of the Invention A first aspect
of the current invention is a bispecific antibody specifically binding to
human Er bBo20evidsisaman c- Met conprising a first anti genPbirmkeg/osione t hat
specifically binds to human ErbB-2 and a second antigen-binding site that
specifically binds to human c-Met, charagterized in that said bispecific
anti bodyshows an internalization of c-Met of no nore than 15 % when
measured after 1 hour in a flow cytonetry assay on OVCAR-8 cells, as
conpared to shdvey aaliheaialieaical of cNHet bﬁ nbheosbdanck % whei ilhe@dyred| aftedne
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ErbB-2 and one antigen-binding site that specifically binds to human c- Met.
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bi nds to humgife faffeciflchidy BRdSEd B@fan &Mdat said first antigen-binding site
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15, a CDR2H |on f .SE eqi, o of S i
A T then | IR SnBdimeR otthr Svabfian 04 Bl i e ieD, e oo ds |
CDR2L r egqi onspﬁmeEQbeDndNQ tollymanirbd - EmtohmgamMn‘t Cﬁﬁ@‘lhlﬁgmﬁﬁtigﬁﬂd sai d

second anti JBlhd %eﬁ%@@g%&ﬂ&f bt 3o a5 BR2Y ¥nd BAL IntY@¥n RS, dQERI N a

CDR3Hreg|on regl on of,
that specifically binds to human c-Met.

One aspect of the invention is a bispecific antibody specifically binding to human
ErbB-2 and human c-Met comprising a first antigen-binding site that specifically
binds to human ErbB-2 and a second antigen-binding site that specifically binds to

human c-Met, characterized in that

20 said first antigen-binding site comprises in the heavy chain variable domain a
CDR3H region of SEQ ID NO: 15, a CDR2H region of SEQ ID NO:
16, and a CDR1H region of SEQ ID NO:17, and in the light chain
variable domain a CDR3L region of SEQ ID NO: 18, a CDR2L
region of SEQ ID NO:19, and a CDRI1L region of SEQ ID NO:20;

25 and
said second antigen-binding site comprises in the heavy chain variable
domain a CDR3H region of SEQ ID NO: 21, a CDR2H region of,
SEQ ID NO: 22, and a CDR1H region of SEQ ID NO: 23, and in the
light chain variable domain a CDR3L region of SEQ ID NO: 24, a

30 CDR2L region of SEQ ID NO: 25, and a CDRI1L region of SEQ ID
NO: 26.

Said bispecific antibody is preferably characterized in that



SEQ ID NO 22, and a CDRIH region of SEQID NO 23, and in the light chain
vari abl e donmain a CDR3L region of SEQ ID NO 24, a CDR2L region of SEQ ID
NO 25, awo 20100DR53L region of SEQ ID NO 26. Said bi sp@cCirfipeo1anoiobody is
preferably characterized in thatsaid first antigen-binding site
specifically binding to ErbB-2 conprisesyas heavy chain variable domain the
sequence of SEQID NGO 1 , and as |light chain variable domain the sequence
of SEQID NO 2 ; and said second antigen-binding site specifically binding
to c-Met conpri sesiddistudigyn-bliring sitrspeditiealtiopmding td Ertsiequempeised asSEQ | D
NGO 3, and as light chain variabl e donmain.th Q 4. A
further aspect of theH?aﬁ'\yé%?]inovﬁnfl@eéi% Bnlaénp%lgisgﬁllie%gﬁgfg}ggaba@@orldlg)?]g he

i nvention char act er i zbghtichainompiabksidognagn therssquemce pEFJEQIDONO; gGandr | gG3

subcl ass In one e”bOd'dﬁ@écoﬁgiagtri]%@@gﬁiin@sﬁe?g@ciimﬂgb%ﬁﬁﬁéQJélﬂlletthe i nvention

is characterized in that sal y |s,g cosyl ated wth a _sugar chain
at Asn297 wher eby t hec@mprses aphegvychaim ariphledogmaythe ssavencs af RERIDs5 o5 or

lower. A further aspesfo:of ahdiss lii%m%ﬂiih@{ﬁriﬁlﬂedoﬂldﬁmltﬁé@eqﬁl%héb SIS BQ Ube
encodi ng a chain of sngl(’ocei bi specific antibody. Still further aspects of the

invention are a phar Gt i cal conposition conprising said bispecific
anti body, said conposition for the treatnent of cancer, the use of said
bi speci fi c ant futhdy adpect ofthenaverft@at is acbisgecHinadibodymatcorfimg thhénvengiah nent

of cancer, a pif eﬁfintCBE?figﬁgta 8 sotg@tr%@eg og d £61 Y3 fuBBlagancer by

adm ni stering sail I specl nti rent 7 n the need of such
treatnent. Breast tunors often express_high_|evels of ErbB2 and a high
per centlage ofn pprsoembpdimente saithobispesific sandhody vaecosdiagt ithe . inventis i8hown
previously i BhaaditfiRArinOthadidliagbddials EydkllabdpwaEd Sipat Rh&iheaSAsi29n0r s

correlates wi th poor prognosis (Kang, J.. Y. et al_., Cancer Res. 63 (2003
1101-1 105: wilﬁ@f@&ﬂ}e%v?ﬂﬁﬁ&rqqe itlin id sugaf,hiain 63 260%¥ s 738- 82) . (2009)

Therefore the bispecific <ErbB-2-c-Met> anti bodi es according to the
i nventi on havefurthet afpeet pf tdpeinyemson iskenagi¢ictagidomobdchlecapdangch chmoef cel |

i nhi bition. Iﬁgbﬁggéiﬁggh&%d@,ccor ding to the invention show highly val uabl e
properties like, e.g. Inter-alia, growh inhibition of cancer cells

expressi ng both receptors ErbB2 and, c- . . .
15 Still further aspects of the invention are a pharmaceutical composition comprising

said bispecific antibody, said composition for the treatment of cancer, the use of
said bispecific antibody for the manufacture of a medicament for the treatment of
cancer, a method of treatment of patient suffering from cancer by administering

said bispecific antibody. to a patient in the need of such treatment.

20 Breast tumors often express high levels of ErbB2 and a high percentage of ErbB2
positive tumors are also c-Met positive. It was shown previously in a number of
studies that c-Met expression in breast tumors correlates with poor prognosis
(Kang, J., Y., et al., Cancer Res. 63 (2003) 1101-1105; Lengyel, E., et al., Int. J.
Cancer 113 (2005) 678-82). Therefore the bispecific <ErbB-2-c-Met> antibodies

25 according to the invention have valuable properties like antitumor efficacy and

cancer cell inhibition.

The antibodies according to the invention show highly valuable properties like, e.g.
inter alia, growth inhibition of cancer cells expressing both receptors ErbB2 and c-
Met, antitumor efficacy causing a benefit for a patient suffering from cancer. The

30 bispecific <ErbB2-c-Met> antibodies according to the invention show reduced
internalization of the c-Met receptor when compared to their parent monospecific,
bivalent <c-Met> antibodies on cancer cells expressing both receptors ErbB2 and
c-Met.



Met, antitunor efficacy causing a benefit for a patient suffering from
cancer. The bispecific <ErbB2-c-Met> antibodi es according to the invention
show r eduOQ0IMtI&FSAal | zati on of the c-Met receptor whenPCOHFPaIOM02006 t hei r
parent nonospecific, bivalent <c-Met> antibodi es on cancer cells expressing
both receptors ErbB2 and c-Met. Detail ed-®escription of the Invention A
first aspect of the current invention is a bispecific antibody specifically
bi ndi ng to human ErbB-2 and human c-Met conprising a first antigen-binding
site that spPetdiledd)dsyriptionsf tie Inventiokr bB- 2 and a second anti gen- bi ndi ng
site that specifically binds to human c-Met, characterized in that said

bi A : . %
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speci fically binds human B-2 and._ human c- Me ri.sing a fjrst
ant i ger- bi ndsBfgiplly bt"l‘fiéttoslb‘éﬁ?‘? Fﬂ\é{?tﬁ yhypctadzedqing ﬁhﬁa raipesitignantibod¥cond
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bi specific antibod an increase in i zalon of c- NEt
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cel | - ant i bodintémalidatibn ofic-dMetre dsuabsendsyof aaifl bispeciyic amgbaody. assay, as conpar ed
to internalization of c-Met on OVCAR-8 cells in the absence of antibody. In

one enbodi Me#,,S e mgbﬁtﬂﬁlclsf difechit {ob? Fys Hﬁ@' a{n'txﬁ% Yhe{?' Egélﬂgalg)pbﬁl‘dgqg

ErbB-2 and human c-Me corrprl si ng ant | gen i ndi

speci fli%al | y wrlmjsErbB Sheadnh lEPHB-CzMﬁh(}‘OalPEIé’@Sn%I Tt @g@&@%?lﬁemsg%q fhatt hat

speci fical | ysﬁacﬁftaupoblhume Buifeh E&E@airﬁlctaeﬁécbﬁd hitideRdind %dsol/wmm@m fic
0 en

ant i body shows nternalization
masured af CHReCTGEBH G 1 ARgncyMster vt dhs Trreeeartiibogy s
conpared to imteaseal inremhdlizatiod ofe-Midt onrOVEARad selicaf maf mos tHaiil § peeihken c

anti body. | ”gl%gﬁlré’d@ﬁgﬂ 'ir%%r%}a (QVB'A%E’%C&JI' a%tﬁ?&# ti’rfc% &eﬁéf e%@ﬁdﬂeéi tRJ Qd' ng

to human Erb
t hat sieci fi 8awl qytqmﬁasaasay,msrmmpgrquo 2ntamhaats>@cqfr¢dM@hpn g@N%Iﬁ& w@sSl te

that specifigahk¥ofinBdsr iivddyRnN c-Met is characterized in that said
bi specific antibody shows an internalization of c- Met of no nore than 7 %

when neasured after 1 hour fl topetry .assa
ijn one embodiment Sal(T b?spem 1C anty bo speglﬁcalfy glnglng to human ErbB-2

and human c-Met comprising a first antigen-binding site that specifically binds to
human ErbB-2 and a second antigen-binding site that specifically binds to human

20 c-Met is characterized in that said bispecific antibody shows an internalization of c-
Met of no more than 10 % when measured after 1 hour in a flow cytometry assay
on OVCAR-8 cells, as compared to internalization of c-Met in the absence of said
bispecific antibody.

In one embodiment said bispecific antibody specifically binding to human ErbB-2
25 and human c-Met comprising a first antigen-binding site that specifically binds to

human ErbB-2 and a second antigen-binding site that specifically binds to human

c-Met is characterized in that said bispecific antibody shows an internalization of c-

Met of no more than 7 % when measured after 1 hour in a flow cytometry assay on

OVCAR-8 cells, as compared to internalization of c-Met in the absence of said
30 bispecific antibody.

In one embodiment said bispecific antibody specifically binding to human ErbB-2
and human c-Met comprising a first antigen-binding site that specifically binds to

human ErbB-2 and a second antigen-binding site that specifically binds to human



OVCAR- 8 cells, as conpared to internalization of c-Met in the absence of
sai d bispecific antibody. In one enbodi nent said bispecific antibody

speci fi cawbyotwnaisag to human ErbB-2 and hunman c- Met coRpPITIEPR019/0620D6 r St
antigen-binding site that specifically binds to human ErbB-2 and a second
antigen-binding site that specifically bpnds to humanc-Met is characterized
In that said bispecific antibody shows an internalization of c- Met of no
nore than 5 % when neasured after 1 hour in a flow cytonetry assay on
OVCAR- 8 cel | s-Matds clrpacestdtin tﬁaﬂsﬁdrbéﬁpieélﬁbiaﬁﬁb(ﬁfy sho%tanhmetdahzabmarfme of

sai d bi speci nti bod T rm"the al i zat Q fers to
he ant | body M40 RIS Hisp & Boufietsifed it 7Rt B7A BV sShomie sl 8 Chey €
Cel | Line deSVimaRiSongllspas ccbawertdfuooimmhz@m b waVleCan ther alisasdei oﬁsaegl
OVCAR- 8- NCI ; J., et al., Int. J . Cancer 45 (1990) 416-422;

| kedi obi , Rﬁﬁ&‘hgﬁﬁnb‘ﬁ "Cancer Ther. 5 (2006) 2606- 2612; Lorenzi, P. L.

et al., I\/bl Cancer Ther. : {2009 713-724) as conpared to.th
i nternd i zat TB# tefm ¢thidntemalizatioghe sdebr reé?f?ltﬁoalf a’SlP@Hyﬂ?ﬂ‘é?Fﬁa‘f Mgedt i on
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e inventio neasur a ssay.

as descri bedﬁPH‘nﬂ%Zﬁfi@ﬂ RCH; Iztgf)tét}ff%? w(;ﬁhg% Qm@‘%&o‘gﬁ Kéﬁ’i li’\%/l ntion
shows an i nt €angdrid3 {199 406-422 Mitedwbi, (O Nret ., tNMaln ChbcéoTder. G\,(QA%BZ@EI-I s
after 1 hour L& r

c-Met int he2a 2§g%éée&§gy %nglg{()? ﬁcg@%nggz@n%%rfsal %gant |I%)a%% t ovvs an
i nt er ) | zat inderalizagionvief cdylehin thsrabsmgmfla@tlb@dy Pugh enterrisbgatinene télalcd

anti body showgt %e?ﬁ?%ﬁ@hée@%y e b‘?écpe&ﬁcl\ﬁﬁbmledﬂ'&cﬁﬂﬁﬁg w"@i@ 1ereAhoh An@ne
enmbodi nrent said an ws an internalization of ﬁre t han
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i n thats sai damtitsydgcixppsuraas |0bunb9radetdubesnnehmhzattoarmiiétMeatmdhe absence/of,
compared to Bﬁgzo'dg] er&é'én?cﬂ)tdkrﬂéht% 1dCanM36%% ﬂ%%% Ebénﬁ 1Cati&Pof EFRPBERHT)

m)nospeC|f|c nt paren t anti or nore n one
enmbodi ment 601006 Hianpkdy %: In ang gmbpdimeat sy h@dweh%So@n beraalizagiop of c-

enbodi ment  8fcYo of ﬂmrxﬁam RN 7MBasHr @de aéhBéditeRO Waid rhnﬁbéd}OV\!,hQWsOHRt ry
assay on OVCAR-8 ducti orgh of A/nt ernalization of c-Met is

1ntemallzat10n of c- tf\?et o% no more
20 Another aspect of the current invention is a bispecific antibody specifically binding
to human ErbB-2 and human c-Met comprising a first antigen-binding site that
specifically binds to human ErbB-2 and a second antigen-binding site that
specifically binds to human c-Met, characterized in that said bispecific antibody
reduces the internalization of c-Met, compared to the internalization of c-Met
25 induced by the (corresponding) monospecific, bivalent parent c-Met antibody, by
50 % or more (in one embodiment 60 % or more; in another embodiment 70 % or
more, in one embodiment 80 % or more), when measured after 1 hour in a flow
cytometry assay on OVCAR-8 cells. The reduction of internalization of c-Met is
calculated (using the % internalization values measured after 1 hour in a flow
30 cytometry assay on OVCAR-8 cells, whereas % internalization values below 0 are
set as 0% internalization, e.g. for BsABO2 (-7% internalization is set as 0%
inetrnalization) as follows: 100 x (%internalization of c-Met induced by
monospecific, bivalent parent c-Met antibody - % internalization of c-Met induced
by bispecific ErbB-2/cMet antibody)/ %internalization of c-Met induced by
35 monospecific, bivalent parent c-Met antibody. For example: the bispecific ErbB-



calculated (using the %internalization values neasured after 1 hour in a
flow cytonetry assay on OVCAR-8 cells, whereas % internalization val ues

bel ow 0 aWO 28®1158530% i nternal i zati on, e.g. for BsAB02 @PCTHEPRIMMON286 | zat i on
is set as 0% inetrnalization) as follows: 100 x (% nternalization of c-Met

i nduced by nonospecific, bivalent parentjge- Met antibody - %internalization
of c-Met induced by bispecific ErbB-2/cMet antibody)/ / internalization of
c- Met induced by nonospecific, bivalent parent c-Met antibody. For exanple:
t he bi speci f R&MstaBZbadveBsAR02 bladys BsiiRoRalizhtowobtiMatlo€rhéd whthii®Betak C- Met

anti body  NabUpadrsanal bt bR BRRROENILCunltoh? 3 413Y S a™
bi speci fic Errtsenal/izawm aﬁtQ-M@dyOfBgmoﬂlshoVb@ disped(tict EdB-3fcMdieantibody
internalizat B@ﬂB@Q sﬁo%ra r8duckdf o?f tl(lé"gl'téplélﬁgtlc{ﬁ of L0%e?81( TR tzﬂi g/%@l’/' zation

val ues rreasure 0a ter hour_ 1 n | ow cytonetry assay on cells in
Exanpl @ 11). 19Q %88 llﬁé‘inéllﬁtlona‘ﬁ‘iqeﬁé’éﬁﬁsuﬁeéfag%l uRing ﬂHWn@’t?fFlétﬂéia?Fthat

conpri ses anbh @VOARM &41sSh BERampl 'Ehﬂ)terms "binding site" or
"antigen-bi ndi ng si te" as used IE:er ein denotes the region(s) of an antibody
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conpri ses anhaiti BRAY iRavlke qbaianlsvwnybina/dﬂomamlww 1@3@/&1@1@waaﬁmhbody

l'ight chain arlab mai n d ef er ab| for air

consi sting oflPBAINSA ngo%‘ypa}qs ‘P#QIHQE Fih ?éle%ﬁ?ijzfrﬁm( &E?lea%*/\’tﬁl%ﬁ €8 9fi body
heavy Chgl ndmarboapliﬁglmm Elgil‘MH) singlérdhir F¥,0a Wili{ddbmdm giet/oved/L domain, y
antigen-bin also_bi ndi ptd.des as .descr.i N Matze
ANt gen- b1 g 3 g Bnd SR gu B B T IOREE sl BB

speci flixal I ybipidimg sitgs ampnisésganaterogy heatgethain Vausbla doaith€YHaspdlor anf t he
curr ent. T nvepididayl fyift HaRPeSIdbIC dBiAf POLITOAECHeRraRP Gl Irbiald Ky bl ping to

human Er bB-2 an uman c- Met conprisin ant I ng si
speci fi cal | yoonsiHgeg o an antihodst b@tzc alrlildvaélaghe Exm Wéan H&ftlb%b’ebﬂawcal |y
binds to hurra}ﬁhu@vmbleadsmgmqvmmher aspect of the current invention is a
bi speci fic binding molecule specifically binding to human ErbB-2 and to
human c- Met conprising a anti genbi ndi ng

20 Further to antibody derived antigen-binding sites also binding peptides as described

e.g. in Matzke, A., et al., Cancer Res. 65 (14) (2005) 6105-10. July 15, 2005, can
specifically bind to an antigen (e.g. c-Met). Thus a further aspect of the current
invention is a bispecific binding molecule specifically binding to human ErbB-2
and to human c-Met comprising a antigen-binding site that specifically binds to

25 human ErbB-2 and a binding peptide that specifically binds to human c-Met. Thus
a further aspect of the current invention is a bispecific binding molecule
specifically binding to human ErbB-2 and to human c-Met comprising a antigen-
binding site that specifically binds to human c-Met and a binding peptide that
specifically binds to human ErbB-2.

30 ErbB-2 (also known as ERBB2, HER2; CD340, HER-2/neu, c-erb B2/neu protein,
neuroblastoma/glioblastoma derived oncogene homolog; v-erb-b2 avian
erythroblastic leukemia viral oncogene homolog 2; SEQ ID NO:14) is a protein
that has no ligand binding domain of its own and therefore cannot bind growth
factors. However, it does bind tightly to other ligand-bound EGF receptor family

35 members to form a heterodimer, stabilizing ligand binding and enhancing kinase-



site that specifically binds to human c-Met and a bi ndi ng peptide that
specifically binds to human ErbB-2. ErbB-2 (al so known as ERBB2, HERZ;
CD340, HBRO201é115556- er b B2/ neu protei n, neurobl ast ona/ gleComPasONmoeer i ved
oncogene honol og; v-erb-b2 avian erythroblastic | eukem a viral oncogene
honol og 2; SEQ ID NO 14) is a protein that has no |igand binding domai n of
Its owmn and therefore cannot bind growth factors. However, it does bind
tightly to other |igand-bound EGF receptor famly nenbers to forma
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226- 30; Yamano %en- br’ ndi ng
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can be deriv own anti-ErbB-2 anti bodi es Ilkeeg 2C4
(pertuzumab; gg%fﬁ%?ﬂ?@o% s a reconbi nant humani zed version of the nurine

anti-HER2 anti body 2C4 and is described together with the respective nethod
of prelfarati Fhe iamtigm-tﬁndi@gzﬁ@ alricbsmiaal}dﬁ’/aﬁﬁmﬁﬁ)vaaaide 4pga(s(¥D undfoeb (a

r econbi nant ' obl‘ﬂﬂ% v

Her ceptin(t gq‘(tagﬂtzg}% él?éslgfgriggﬁvgpﬂ?aq #éecf)éra ion are es%}ﬁBb%d in
US 5, 821, 337)‘—atah@ dpweded) irmdgloaw ami-Erfg-2 agfi aqhes likg fe.g. 2614 (peppgimaby
(1989) 1165- ﬁerlt.?z%maﬁ%‘ﬂ|ré’oon%1nariv|hum@hlzédl vers@ﬂr@ﬁ@’lﬁe Rasfeasi HER X ﬂrﬂﬁ)@)iy

uni 20t 1 on 268 e SRR OPBRIIRT 1] PREREE Y MEhod of Brepirahen tn
20 WO 01/00245 and WO 2006/007398) and 4DS5 (trastuzumab (a recombinant
humanized version of the murine anti-HER2 antibody 4D5, Herceptin™

trastuzumab and its method of preparation are described in US 5,821,337)

antibodies (Hudziak, R., M., et al., Mol. Cell. Biol. 9 (1989) 1165-1172; Fendly,

B., M., et al., Cancer Research 50 (1990) 1550-1558) or b) from new anti-ErbB-2

25 antibodies obtained by de novo immunization methods using inter alia either the

human ErbB-2 protein or nucleic acid or fragments thereof or by phage display.

MET (mesenchymal-epithelial transition factor) is a proto-oncogene that encodes a
protein MET, (also known as c-Met; hepatocyte growth factor receptor HGFR;
HGF receptor; scatter factor receptor; SF receptor; SEQ ID NO:13) (Dean, M., et
30 al., Nature 318 (1985) 385-8; Chan, A., M., et al.,, Oncogene 1 (1987) 229-33;
Bottaro, D., P., et al., Science 251 (1991) 802-4; Naldini, L., et al., EMBO J. 10
(1991) 2867-78; Maulik, G., et al., Cytokine Growth Factor Rev. 13 (2002) 41-59)
MET is a membrane receptor that is essential for embryonic development and
wound healing. Hepatocyte growth factor (HGF) is the only known ligand of the
35 MET receptor. MET is normally expressed by cells of epithelial origin, while



human ErbB-2 protein or nucleic acid or fragnents thereof or by phage

di splay. MET (nesenchynal -epithelial transition factor) is a proto-oncogene
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20 anti-c-Met protein or nuclelc acid or fragments thereof or by phage display.

A further aspect of the invention is a bispecific antibody specifically binding to
human ErbB-2 and to human c-Met comprising a first antigen-binding site that
specifically binds to human ErbB-2 and a second antigen-binding site that

specifically binds to human c-Met characterized in that

25 said first antigen-binding site specifically binding to ErbB-2 comprises as
heavy chain variable domain the sequence of SEQ ID NO: 1, and as light
chain variable domain the sequence of SEQ ID NO: 2 ; and
said second antigen-binding site specifically binding to c-Met comprises as
heavy chain variable domain the sequence of SEQ ID NO: 3, and as light

30 chain variable domain the sequence of SEQ ID NO: 4.

Antibody specificity refers to selective recognition of the antibody for a particular
epitope of an antigen. Natural antibodies, for example, are monospecific.
“Bispecific antibodies” according to the invention are antibodies which have two

different antigen-binding specificities. Where an antibody has more than one



specifically binds to human c-Met characterized in that said first
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the sequences. Also included within the scope of the invention are functional
20 antigen binding sites comprised of fewer CDRs (i.e., where binding specificity is
determined by three, four or five CDRs). For example, less than a complete set of 6
CDRs may be sufficient for binding. In some cases, a VH or a VL domain will be

sufficient.

In preferred embodiments, antibodies of the invention further comprise
25 immunoglobulin constant regions of one or more immunoglobulin classes of
human origin. Immunoglobulin classes include IgG, IgM, IgA, IgD, and IgE
isotypes and, in the case of IgG and IgA, their subtypes. In a preferred
embodiment, an antibody of the invention has a constant domain structure of an
IgG type antibody, but has four antigen binding sites. This is accomplished e.g. by
30 linking one (or two) complete antigen binding sites (e.g., a single chain Fab
fragment or a single chain Fv) specifically binding to c-Met to either to N- or
C-terminus heavy or light chain of a full antibody specifically binding to ErbB-2
yielding a trivalent bispecific antibody (or tetravalent bispecific antibody).
Alternatively IgG like bispecific, bivalent antibodies against human ErbB-2 and



sufficient. In preferred enbodi nents, antibodies of the invention further
conpri se i munogl obul i n constant regi ons of one or nore i mmunogl obulin
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structure of an 1gG type anti body, but has four antigen binding sites. This
is acconplished e.g. by linking one (or two) conplete antigen binding sites
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descri Bed e. Biol; 0@92@&63 d B A84EEPAd. EP Appl . No.07024864.6, EP Appl .
No. 07024865. 3 or Ridgway, J.B., Protein Eng. 9 (1996) 617-621; WD 96/02701
1; Mer chant Tlﬁ\e Mnnse'moanbclonalairuibedﬁi oit aﬁbndo@ox(alaﬁﬁboc@%?m@&fsitioﬁt’mldsed S., et
al ., J. Bi ol 2%0 1997) .26- SF'-S E@P 9A§.. Thelterms .
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conposi tion. The term"chimeric antibody" refers to an antibody conprising
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constant r egm%r. Fc receptor (FcR) binding. Such chimeric antibodies are also referred to as

"class-switched antibodies.". Chimeric antibodies are the product of expressed
immunoglobulin genes comprising DNA segments encoding immunoglobulin

20 variable regions and DNA segments encoding immunoglobulin constant regions.
Methods for producing chimeric antibodies involve conventional recombinant
DNA and gene transfection techniques are well known in the art. See, e.g.,
Morrison, S.L., et al., Proc. Natl. Acad. Sci. USA 81 (1984) 6851-6855;
US 5,202,238 and US 5,204,244.

25 The term "humanized antibody" refers to antibodies in which the framework or
"complementarity determining regions" (CDR) have been modified to comprise the
CDR of an immunoglobulin of different specificity as compared to that of the
parent immunoglobulin. In a preferred embodiment, a murine CDR is grafted into
the framework region of a human antibody to prepare the "humanized antibody."
30 See, e.g., Riechmann, L., et al., Nature 332 (1988) 323-327; and Neuberger, M.S.,
et al., Nature 314 (1985) 268-270. Particularly preferred CDRs correspond to those
representing sequences recognizing the antigens noted above for chimeric
antibodies. Other forms of "humanized antibodies" encompassed by the present
invention are those in which the constant region has been additionally modified or

35 changed from that of the original antibody to generate the properties according to



Met hods for producing chineric antibodies involve conventional reconbi nant
DNA and gene transfection techniques are well known in the art. See, e.g.,
Morri son,w@.2b10/118353al ., Proc. Natl. Acad. Sci. USA 8 1 @C384201688206855; US
5,202,238 and US 5, 204, 244. The term "humani zed anti body" refers to
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monocl Onal a oln?)glg)lna Argtl old?es and Cancer ”[eherapy, Liss, A.L. (1985) 77-96; and Boerner,

20 P., et al., J. Immunol. 147 (1991) 86-95). As already mentioned for chimeric and
humanized antibodies according to the invention the term “human antibody” as
used herein also comprises such antibodies which are modified in the constant
region to generate the properties according to the invention, especially in regard to
Clq binding and/or FcR binding, e.g. by “class switching” i.e. change or mutation

25 of Fc parts (e.g. from IgGl1 to IgG4 and/or IgG1/IgG4 mutation.)

The term "recombinant human antibody", as used herein, is intended to include all
human antibodies that are prepared, expressed, created or isolated by recombinant
means, such as antibodies isolated from a host cell such as a NSO or CHO cell or
from an animal (e.g. a mouse) that is transgenic for human immunoglobulin genes
30 or antibodies expressed using a recombinant expression vector transfected into a
host cell. Such recombinant human antibodies have variable and constant regions
in a rearranged form. The recombinant human antibodies according to the invention
have been subjected to in vivo somatic hypermutation. Thus, the amino acid

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



Monocl onal Anti bodi es and Cancer Therapy, Liss, A L. (1985) 77-96; and
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20 "CDRs". "Framework" or "FR" regions are those variable domain regions other
than the hypervariable region residues as herein defined. Therefore, the light and
heavy chains of an antibody comprise from N- to C-terminus the domains FR1,
CDRI1, FR2, CDR2, FR3, CDR3, and FR4. CDRs on each chain are separated by
such framework amino acids. Especially, CDR3 of the heavy chain is the region
25 which contributes most to antigen binding. CDR and FR regions are determined
according to the standard definition of Kabat, et al., Sequences of Proteins of
Immunological Interest, 5th ed., Public Health Service, National Institutes of

Health, Bethesda, MD (1991).

As used herein, the term “binding” or “specifically binding” refers to the binding of
30 the antibody to an epitope of the antigen (either human ErbB-2 or human c-Met) in
an in vitro assay, preferably in an plasmon resonance assay (BlAcore, GE-
Healthcare Uppsala, Sweden) with purified wild-type antigen. The affinity of the
binding is defined by the terms ka (rate constant for the association of the antibody
from the antibody/antigen complex), kp (dissociation constant), and Kp (kp/ka).
35 Binding or specifically binding means a binding affinity (Kp) of 10 mol/l or less,
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by an anti bchrOPW?@e§a| n enbodi ments, an antibody is said to specifically
bi nd an antigen when it
The term “constant region” as used within the current applications denotes the sum

of the domains of an antibody other than the variable region. The constant region is
20 not involved directly in binding of an antigen, but exhibit various effector
functions. Depending on the amino acid sequence of the constant region of their
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,
IgG3, and IgG4, IgA1 and IgA2. The heavy chain constant regions that correspond
25 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 K (kappa) and A (lambda). The constant region are preferably derived from

human origin.

The term “constant region derived from human origin” as used in the current
30 application denotes a constant heavy chain region of a human antibody of the
subclass IgG1, 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.



preferentially recognizes its target antigen in a conplex m xture of
proteins and/ or macronol ecul es. The term "constant region" as used within
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by Kabat, E. X ,g&(ssé’ class), Whigh isprtergbly diryve from bpmangriging o Aci'ds Res. 28
(2000) 214-218; Kabat, E.A., et al., Proc. Natl. Acad. Sci. USA 72 (1975)
2785- 2788) . Whileoamtitedinsdofreine Ig6Gé Hibslpesishpw waducesbdicesecaptoor@crRilkad t he
i nventi on CORRHISE A . ably
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Ser 254, Lys2bb- T apeR, Sh ity ik lRY e AP o EPR A i h T
altered, provide also reduced Fc receptor binding (Shields, RL., et al., J
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mutation in S228, L1234, 1235 and/or D265, and/ or contains the PVA236
mutation. In one embodiment the mutations in the full length parent antibody are
20 S228P, 1.234A, L235A, L235E and/or PVA236. In another embodiment the
mutations in the full length parent antibody are in IgG4 S228P and in IgG1 L234A

and L235A.

The constant region of an antibody is directly involved in ADCC (antibody-
dependent cell-mediated cytotoxicity) and CDC (complement-dependent
25 cytotoxicity). Complement activation (CDC) is initiated by binding of complement
factor C1q 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;
30 Brunhouse, R., and Cebra, J.J., Mol. Immunol. 16 (1979) 907-917; Burton, D.R., et
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 0307 434. Such constant region binding sites are, e.g.,
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20 Cell-mediated effector functions of monoclonal antibodies can be enhanced by
engineering their oligosaccharide component as described in Umana, P., et al,
Nature Biotechnol. 17 (1999) 176-180, and US 6,602,684. 1gG1 type antibodies,
the most commonly used therapeutic antibodies, are glycoproteins that have a
conserved N-linked glycosylation site at Asn297 in each CH2 domain. The two
25 complex biantennary oligosaccharides attached to Asn297 are buried between the
CH2 domains, forming extensive contacts with the polypeptide backbone, and their
presence is essential for the antibody to mediate effector functions such as antibody
dependent cellular cytotoxicity (ADCC) (Lifely, M.R., et al., Glycobiology 5
(1995) 813-822; Jefferis, R., et al., Immunol. Rev. 163 (1998) 59-76; Wright, A.,
30 and Morrison, S., L., Trends Biotechnol. 15 (1997) 26-32). Umana, P., et al. Nature
Biotechnol. 17 (1999) 176-180 and WO 99/54342 showed that overexpression in
Chinese hamster ovary (CHO) cells of $3(1,4)-N-acetylglucosaminyltransferase IlI
(“GnTIII”), a glycosyltransferase catalyzing the formation of bisected
oligosaccharides, significantly increases the in vitro ADCC activity of antibodies.
35 Alterations in the composition of the Asn297 carbohydrate or its elimination affect
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Shi nkawa, T. 48 EA).QJA’sng9 | gcor%?r?g@o tl7ie7 ?nvention means amino acid asparagine located at
20 about position 297 in the Fc region. Based on minor sequence variations of
antibodies, Asn297 can also be located some amino acids (usually not more than
+3 amino acids) upstream or downstream of position 297, i.e. between position 294

and 300.

Glycosylation of human IgGl or IgG3 occurs at Asn297 as core fucosylated
25 biantennary complex oligosaccharide glycosylation terminated with up to two Gal
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, Sth Ed. Public Health Service, National Institutes of Health, Bethesda,
MD. (1991), and by Brueggemann, M., et al., J. Exp. Med. 166 (1987) 1351-1361;
30 Love, T.W., et al., Methods Enzymol. 178 (1989) 515-527. These structures are
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
35 expressed in non-glycomodified CHO host cells usually are fucosylated at Asn297



(2003) 3466-3473; WD 03/055993 or US 2005/0249722. In one enbodi nent of the
i nvention, the bispecific antibody according to the invention is
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WO 97/028267, US 2006/0134709,  US 2005/0054048,  US 2005/0152894,

20 WO 2003/035835 or WO 2000/061739.

One embodiment is a method of preparation of the bispecific antibody of IgG1 or
IgG3 subclass which is glycosylated (of) with a sugar chain at Asn297 whereby the
amount of fucose within said sugar chain is 65 % or lower, using the procedure
described in Niwa, R., et al., J. Immunol. Methods 306 (2005) 151-160; Shinkawa,
25 T. et al, ] Biol Chem, 278 (2003) 3466-3473; WO 03/055993 or US 2005/0249722.

Bispecific antibody Formats
Antibodies of the present invention have two or more binding sites and are
multispecific and preferably bispecific. That is, the antibodies may be bispecific
even in cases where there are more than two binding sites (i.e. that the antibody is
30 trivalent or multivalent). Bispecific antibodies of the invention include, for
example, multivalent single chain antibodies, diabodies and triabodies, as well as
antibodies having the constant domain structure of full length antibodies to which
further antigen-binding sites (e.g., single chain Fv, a VH domain and/or a VL
domain, Fab, or (Fab)2,) are linked via one or more peptide-linkers. The antibodies



hybrid and oligo- and hi gh-mannose structures, resp.) by MALD - TOF. (see
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176-180, WD 99/154342, WD 2005/018572, WD 2006/ 1 16260, WD 2006/1 14700, WO
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protei n has [Engdd G1p9%) 6&3-62 by WHAW6/02701dr, Mﬂrclmnﬂtugmset alhafaturs, Binteeh s a
first bindi ”9193@%‘/?6%6%@& fOr & B 0§ 2y e@"”ﬁ’mb 76 92%'3%6‘ and

specific for*c d’vi ce versa. Inapre err enborrret th
bi speci¥ic afPi W@ﬂS%bcr fically binding to human ErbB-2 and to hurran c- Met
according to the invention conprises the Fc region of an anti body

(preferably qhyt HbnOEmbaEheat'BEh@SHVentiBh 1 BiBpedifiS REIB-R&-FRENBtbody

according to the invention is a bivalent, bispecific antibody, comprising:

a) the light chain and heavy chain of a full length antibody specifically
binding toErbB-2,; and

20 b) the light chain and heavy chain of a full length antibody specifically
binding to human c-Met,
wherein the constant domains CL and CH1, and/or the variable domains VL

and VH are replaced by each other.

25 In another embodiment of the invention the bispecific <ErbB-2-c-Met> antibody

according to the invention is a bivalent, bispecific antibody, comprising:

a) the light chain and heavy chain of a full length antibody specifically
binding to human c-Met; and
b) the light chain and heavy chain of a full length antibody specifically
30 binding to ErbB-2, ,
wherein the constant domains CL and CH1, and/or the variable domains VL

and VH are replaced by each other.



Bi specific, bivalent antibodies against human ErbB-2 and human c- Met
conprising the i munogl obulin constant regi ons can be used as descri bed
e.g. I n WoRQOBY108HB251, WO2009/ 080252, WO2009/ 080253 or RCa@rRa§10/002086 |
Protein Eng. 9 (1996) 617-621; WD 96/02701 1; Merchant, A M, et al.,

Nat ure Biotech 16 (1998) 677-681; Atwelld3S., et al., J . MIl. Biol. 270
(1997) 26-35 and EP 1870459A1. Thus in one enbodi nent of the invention the
bi specific <ErbB-2-c-Met> anti body according to the invention is a

bi val ent, bi Bpean fexemphiry Bolthmativostnrchee ngith dje thblinghbolesiatechasidghaavy
chain of a fyll . t.h _ant i-h specifically binding toErbB-2,; and b) the
| i ght chain %Sanhgd;@?)"%vﬁﬁ EI%I?#% full length antibody specifically binding
to human c-Met, wherein the constant domains CL and CH , and/or the

vari abl e dondpnmpiavedhelyivids of suchhsiterodisnesig bavadentohipracifiq antighgEhéfanti-c-

enbodi nent  ofyyd BRbNEN THANHS IS i RREFGh{d! 11 TS MBariodyRlarn b3nfeRADY the

according to_the i nvenfl”on I's.a bivalent, hjispecjfic aFtl body, co?¥r,| si ng:
a) the 31 ght “wkrintosheles dgchnolegy whish 1ndesgribed B fistail WHb SBGE ilBal |y
bi nding to hEﬁWO%ﬂO&DﬂR@gﬂab?ﬂ, igghtt sit)afrotedn EnlgeR (V9w & 17-621; and ul |

domsi ns. L aNFRARC Ay o Fndva bRl Eolale ] PR WA ARCmPRRR. R, 1,

domains CL a
each ot her. Forteracticex esapfheasy of cthemiwo c CHBr yotmairs aie halteteel "t nolsrdase othhol es”

technol ogy a i i 828 Ta. J (&l such
het er odi neri ge%ﬁ)\?gﬁéerg%qoﬁﬁg glélté‘.s ??%gljzacﬁ%@gﬁggéﬁ%ga%?%@eéﬁ) F/Eplt% dédrf%lg%dsl% fglsl t he
CH3 dokfhi ns of theatwe €HIB| dameging fofahe it dypawa phaies) fan diecte plnelne while the

" knobl- i nto- hehﬁeﬁ"% %9&48 n«agr%g{ 1;}{@ Qﬁ&a&&cﬁ@ﬁgéﬁ ngiéum@@fmdgg%?Bglﬁesé%ag
exanples in e.g. y ., -B., e . n, En

(1056) 617 obattiodkRersNIccrAb, A Avhet oy Nafiré Bigtéetie] o {ioomn6r 75! {450
677-681. | n Bhiesalngt Ml Bibk 27019 R6B3) atud freeasesahe yiedd.t wo CH3 donmi ns are
altered to increase the heterodi nerisation of both heavy chai ns cont ai ni ng

h i f . . i g ] .
cha ns) can 0% HEORG et e ih b3t b AR RABeq R} ahlibodyR dffs o)
of a disul fi dearbetemiepd istldsi | i zes t he

the CH3 domain of one heavy chain and the CH3 domain of the other heavy chain
each meet at an interface which comprises an original interface between the

antibody CH3 domains;

wherein said interface is altered to promote the formation of the bivalent, bispecific

20 antibody, wherein the alteration is characterized in that:
a) the CH3 domain of one heavy chain is altered,

so that within the original interface the CH3 domain of one heavy chain that meets
the original interface of the CH3 domain of the other heavy chain within the
bivalent, bispecific antibody,

25 an amino acid residue is replaced with an amino acid residue having a larger side
chain volume, thereby generating a protuberance within the interface of the CH3
domain of one heavy chain which is positionable in a cavity within the interface of
the CH3 domain of the other heavy chain

and

30 b) the CH3 domain of the other heavy chain is altered,



het erodi mers (Merchant, A. M, et al., Nature Biotech 16 (1998) 677-681 ;
Atwell, S., et al., J . MI. Biol. 270 (1997) 26-35) and increases the

yi el d. Thwe 20rv/ass3aspect of the invention said bival entcThire@eniione
antibody is further is characterized in that the CH3 domain of one heavy
chain and the CH3 domain of the other heavy chain each neet at an interface
whi ch conprises an original interface between the anti body CH3 donai ns;
wherein said interface is altered to pronote the formati on of the bival ent,
bi speci fic apd iti@dyithinhde erigindlantrfae¢ af ithe secondh@Hacdenainetlati meetsathe a)

he CH3 d in of. . h i A . i thi i gi
it er face tnonens! BBRErRophe SHE G dy Pl fttn diFoik B Mohaifle bty o' 1

interface of the CH3 domain of the other heavy chain within the bivalent,
bi speci fic amm aidubyacidresidvierioreptdcgd vadi auaming acishreaidud having agmalier pgeaci d
residue havi @lgai{i‘ mbﬁh?ﬁﬁhe%ﬁg&%tﬂlgvé)hm, withig B0 YntGERNR' &t thB9eddnd CH3

pr ot uberance w ~the 1 nt'erface of the CH3 donmi n of e vy chain
whi ch i% posAemawmanitkinjwhieh %amf%tgﬁrwcpﬁwﬂlﬂeﬂhemw@?? %@@eg?“tﬂgéa aggfai n of
t he ot her hegysitishdldy and b) the CH3 domain of the other heavy chain is
altered,so that within the original interface of the second CH3 domai n that

neets the origin interface of the first CH3 domain,wthin th i ent,

bi speci fic ah?‘?ff)rgbl}' Sﬁh‘FﬁWilWoa%{girﬁ‘s‘&%esb%lvdrég Flslarrggbg%gecg a0 YRS lgr??lﬁét%gci d

resi due havi figna teeredrbey ®nsisting aifnangolioere(R)1 pbeeyiglagion et itympsimec &Y.t y

wi thin the iﬂ'&g{o}ﬁ‘ﬁﬁ\f?? the second CH3 domain within which a protuberance
ntertace o

W tgi n the i the first CH3 domain is positionable. Preferably
said am no acid residue having a | arger, side chain vqolunme js selecteq from
the grblp coReferphsast aming asicheesidee, hayingr prapiistiside ¢hejn velpmssis feleetey
tryptophan (Yihm fRegt@upaddnyistag 6f aliniie (Ag) Rrine S tfedifne (1, valbrgV)er side
chain volune is selected fromthe group consisting of alanine (A), serine

(S), threonine (T), vali . f the i t
donai ns are ?%r‘%‘ﬁeﬁ‘sf)s&t %{]gl}f( E@/VGPh‘gn ?D%ﬁ} mﬁgtccfogj%l%sf alrgeys e%ﬁeél%%dbggmgﬁo
acid in the emrodestiondf ogtepos(€) ansmofo @adn Gd3caimspondingipositiénst ofaeach
di sul fide brigge BRENE SO Blp a%%uﬂ%abﬁégecﬁé{“}égn both CH3 domains can be
15 formed.

In a preferred embodiment, said bivalent, bispecific comprises a T366W mutation
in the CH3 domain of the “knobs chain” and T366S, L368A, Y407V mutations in
the CH3 domain of the “hole chain”. An additional interchain disulfide bridge
between the CH3 domains can also be used (Merchant, A.M, et al., Nature Biotech
20 16 (1998) 677-681) e.g. by introducing a Y349C mutation into the CH3 domain of
the “knobs chain” and a E356C mutation or a S354C mutation into the CH3
domain of the “hole chain”. Thus in a another preferred embodiment, said bivalent,
bispecific antibody comprises Y349C, T366W mutations in one of the two CH3
domains and E356C, T366S, L368A, Y407V mutations in the other of the two CH3
25 domains or said bivalent, bispecific antibody comprises Y349C, T366W mutations
in one of the two CH3 domains and S354C, T366S, L368A, Y407V mutations in
the other of the two CH3 domains (the additional Y349C mutation in one CH3
domain and the additional E356C or S354C mutation in the other CH3 domain
forming a interchain disulfide bridge) (numbering always according to EU index of
30 Kabat). But also other knobs-in-holes technologies as described by EP 1870459A1,
can be used alternatively or additionally. A preferred example for said bivalent,
bispecific antibody are R409D; K370E mutations in the CH3 domain of the “knobs



formed. In a preferred enbodi nent, said bivalent, bispecific conprises a
T366Wnutation in the CH3 domain of the "knobs chain" and T366S, L368A,
Y407V mutw0i201$115553t he CH3 domai n of the "hol e chain". ROTARAINI002006
interchain disulfide bridge between the CH3 domai ns can al so be used
(Merchant, A°M et al., Nature Biotech .1 (1998) 677-681) e.g. by
introducing a Y349C nutation into the CH3 domain of the "knobs chain" and a
E356C nmutation or a S354C nutation into the CH3 donmain of the "hole chain".
Thus in a anchdier apd €)39KgdERFHKOdnutetidns Sathe GH3ad@ndin & teettidleé chaint'i body

conprises Y3 9C 13 t wo CH3 domai ns and E356C,
T366S, L368AN Y&a |ag%65r8| %t%) ﬂ}%ﬁ? fk?ﬁ%t e two CH3 domains or said

bi val ent, bi speci f| C antl body comprises Y349C, T366Wnutations in one of
the two CH3 Homeother prefergabambodigess said dggaienty bispecifig antibesy cOMPrises at her

of the two @'Wnﬁfuihimﬁtlhethed@bw&ﬂﬁahn $B4RC kALt drath”i £hd01l'§66§"3L§B89®' n and
the additional E356C qor S35 nut tlonlnt“ other, Clzﬁgpd marEB ng a

i ntercRain di é‘QVVer’étaB?‘FSd‘@é;‘e IR E chairyr N gfdienaly; > of
Kabat). But ®B3Y0EGhiXatioksRbsrei OHB aoesaih &€ N Fogibs Schath”daricDBH; BgSHR

1870459A1, can he use r,nat.i v addi.t,jonal ly. A preferred exanple
for said bi vﬁ}%lonsmgﬁ@f flamainq 6%%3‘ é‘?%’aﬂhOQD K370E nutations in the

CH3 domai n of the "knobschain" and D399K, E357K mutations in the CH3 donain
of the "hol elrchaother Prefetred iempodinent ssagk boratiinh gbispecHis iandeodyof comprases. | n

anot her pref i v, t ises a
TR06W it ati oG R0oH BRlions if e\ B o ORP oA B SITRL FHERL
Y407V Hut at i bﬁémnYﬂ%V@waa@rrﬁamnthmotl@qﬁé)f"th%mo&{i{f demaing ofcfaid biyalenty
RA09D, K370Ep{zpédtit QRibody EdiRpriddd Yo, rrs%w keutationelis oneadfthe and CEI9K;

E357K nut at i nSJnth chaln" ln a ther ferred
enbodi ment s P’Haﬁﬁ\?ﬁﬁlgﬁ%’b’ﬁgﬁgg E}ag@"a‘zﬁ’]bo Y9N glgé)t%ﬁ’g%‘

nmut at i ons i ndomeain®fankdhadditienaliyiBR 409 K376 an@atbets, 1nT31666H3L<Bﬁﬁdin df4thEV

mut at i ons |n“th L 97? ' | kgpeci fic
anti body conpri g’es h%%‘ gd ]#ggggv |%§gﬁpﬁ§éﬁe 0 }ﬁ]lab%ﬁ% gtéh%ofrir@?ns and
S354C,15T366Schdi@68A, Y407V nutations in the other of the two CH3 donmins
and additionally R409D;, K370E nutations in the CH3 domain of the "knobs

chain” and D39RKlenedispicilietFdrnfits i n the CH3 domain of the "hole chain”.

Another preferred aspect of the current invention is a trivalent, bispecific antibody

comprising

a) a full length antibody specifically binding to human ErbB-2 and consisting of
20 two antibody heavy chains and two antibody light chains; and

b) one single chain Fab fragment specifically binding to human c-Met,

wherein said single chain Fab fragment under b) is fused to said full length
antibody under a) via a peptide connector at the C- or N- terminus of the heavy
or light chain of said full length antibody.

25 For an exemplary schematic structure with the “knob-into-holes” technology as

described below see Fig 5a.

Another preferred aspect of the current invention is a trivalent, bispecific antibody

comprising

a) a full length antibody specifically binding to human ErbB-2 and consisting of
30 two antibody heavy chains and two antibody light chains; and



Trival ent bispecific Formats Anot her preferred aspect of the current
invention is a trivalent, bispecific antibody conprising a) a full length
ant i body wWpe0ifits®Bl y bi nding to human ErbB-2 and consi $CIIAR2@0/002006

anti body heavy chains and two anti body |ight chains; and b) one single
chain Fab fragnent specifically binding2s human c-Met, wherein said single
chain Fab fragnent under b) is fused to said full |length anti body under a)
via a peptide connector at the G or N term nus of the heavy or I|ight

chai n of sai #) énd dingle ohdih Farftdghasty speeificalip baxéngtodrynanch®fent i ¢ structure

wi th the "knob-into-hol es" technol ogy as descri bed bel ow see Fig 5a.

Anot her preferr r j i i 14 ,
bi specific anti %%8%%2%%%??&5%1%%3%@%‘/ %&?{H ePée/ﬁg(géﬁognltsisfgge y{d,s%ag{i:i %lclg?%t{}
bi ndi ng to hunaantirodpundena) vipa peptiderpgnoéctenas thith€r eolly tearipy of the keaviind t wo

anti body 1ight 6haifithaidRARlid308 1&1ghPARiveli N Fv fragment specifically
bi nding to human c-Met, wherein said single chain Fv fragnent under b) is

fused to said full length anti body under a) viag a, peptjde,connector at the
C or N terfiPhal eéﬁmp}%éyﬁ 5y g/t}"f“&H'f’ ‘ﬁ’ﬂéiﬂh" (%F“Q?é‘ingo'*‘%ﬁ e@H@@ﬂgbéﬁfi body.
For an exenpléicyibedbeowtsee Fig shicture with the "knob-into-hol es” technol ogy
as described bel ow see Fig 5b. In one preferred enbodi nent said single

chain Fab or  Fy fragnment ind] ] r i: |-l engt h
ant i body vi ahborbee%rte?e eelac%lnb%gc %ﬁ%g{bbg{%egler%ﬁggl:g#é %ﬁieehﬁebz%q%hgﬁﬁg of
said full |engdét amtfusatiyo saidofublelengthefintihody g fepeptisie ¢dnacetor ab e C-

I nvention is -ﬁds%ﬁ'tmeav?icﬁaﬁ%féa@dﬁmlw%q%nﬁ@wisi ng a) a full length

anti body specifically binding to human Erb and "‘consi sting of two
anti body heavy chai ns and two i body 1.ight. chains; b) a polypeptide
consi st ng ofingther Breferred Hwast %QEQW‘E%“&P ‘%PQPPé%F é“%"rFé’i l?fsé)ex‘if-ﬁl‘l:aa’gibogﬁ) an
anti body heayymghsihg vari abl e domain (VH) and an antibody constant domain 1
(CH'), wherein said polypeptide is fused with the N-ternm nus of the VH
domai n a) a full length antibody specifically binding to human ErbB-2 and consisting

of two antibody heavy chains and two antibody light chains;

b) a polypeptide consisting of
15 ba) an antibody heavy chain variable domain (VH); or
bb) an antibody heavy chain variable domain (VH) and an antibody
constant domain 1 (CH1),
wherein said polypeptide is fused with the N-terminus of the VH domain
via a peptide connector to the C-terminus of one of the two heavy chains
20 of said full length antibody

¢) a polypeptide consisting of
ca) an antibody light chain variable domain (VL), or
cb) an antibody light chain variable domain (VL) and an antibody light
chain constant domain (CL);
25 wherein said polypeptide is fused with the N-terminus of the VL domain
via a peptide connector to the C-terminus of the other of the two heavy
chains of said full length antibody;

and wherein the antibody heavy chain variable domain (VH) of the
polypeptide under b) and the antibody light chain variable domain (VL) of
30 the polypeptide under c) together form an antigen-binding site specifically

binding to human c-Met.



via a peptide connector to the C-term nus of one of the two heavy chai ns of
said full length antibody c) a pol ypeptide consisting of ca) an anti body

| i ght chawe 20#vil&sBe domain (VL), or cb) an anti body | i @oi/EPR@I0002086 i abl e
domain (VL) and an anti body |ight chain constant domain (CL); wherein said
pol ypeptide is fused with the NNterm nugyaf the VL domain via a peptide
connector to the C-termnus of the other of the two heavy chains of said
full length antibody; and wherein the anti body heavy chain variabl e domain
(VH) of the mfe}tﬂﬂptshid@;epﬁ&ediorﬁ):ctamilrtdbeb)aﬁdi & aeyidentidul anhaiern peptidabf e

d VL ! d ' - bi ndi
i1 Spect 11 APy ZE AR o PrHARS CefkeerR Bl 001 PGe connector s

under b) and c) are identical and are a peptide of at |east 25 am no acids,
pref erably bEveempBdy schenBoicstrieiuresseelBlg Foe- exenpl ary schenmati c
structures see Fig 3a-c. Optionally the anti body heavy chain variabl e

domai n (VH) @hyid E,pmleyzaﬁi%aquaeuweéha@) veﬁrﬂa@lé Aemait (@Hglx)fl the ol gieptide

varlable donmail n e under I.n ilized
via a Pnter cHden |%’GI @Fd’é‘tlBP‘&ﬂééﬁgﬁhqlﬁtVPB‘a‘B}& %‘i‘lﬂl’&f( eIr)d?l%e'S‘FfHO ﬁﬁ
bet ween t he ﬁﬁdek@yvafeglnﬂ@alatnu@tmme)i Vl’isa\iijltefdhainrﬂmaﬁdalbhdgdb;mmtroqnmﬁom| on 44

to Iight chalrgnv%ga?gle &@ﬁmal nﬁﬁpal Igg%oo | Itl)le heawﬁowxg%n B&élﬁgﬁs

domai n posit? e domai n positi

heavy chai n ijdreaaptimio vamable dosiatin pmltm144 1) lllglgfﬂlamh@mbkaiqnmm @oabmu n
position 100 unbering al ways according to EU i ndex of Kabat). Techni ques
to introduce urinatural disulfide bridges for stahilization are described
e.g. i1 WO 9i) headsEhairayariphimidomain positiopr KIS, teejighh chamgganable glpnain
Kobayashi , osit®dn 43, or Nucl ear Medicine & Biology 25 (1998) 387-393; or

Schmdt, M t. al Oncoge 1999).171 1. . hi one e nent the
optional di stV gy bR g?&ﬁ%dﬁP%B }§W1é&biﬂéﬁﬂ§‘3?niﬁgn%§ yg@%??des
under b) andpesitiérs1iEinerberihg aays hedondingito bl iedeoofiKabatpsi ti on 44 and

| i ght chain variable domain position 100. In one enbodi nent the optional

di sulfide bo“?ch&%&Qg & iRt uhARb ggﬁﬁi(ﬂ'sorﬂfgeg & stabilization are described
15 e.g. in WO 94/029350, Rajagopal, et al., Prot. Engin. (1997) 1453-59; Kobayashi,
H., et al., Nuclear Medicine & Biology 25 (1998) 387-393; or Schmidt, M., et al,,
Oncogene 18 (1999) 1711-1721. In one embodiment the optional disulfide bond

between the variable domains of the polypeptides under b) and c) is between heavy

chain variable domain position 44 and light chain variable domain position 100. In

20 one embodiment the optional disulfide bond between the variable domains of the
polypeptides under b) and c) is between heavy chain variable domain position 105

and light chain variable domain position 43. (numbering always according to EU

index of Kabat) In one embodiment a trivalent, bispecific antibody without said

optional disulfide stabilization between the variable domains VH and VL of the

25 single chain Fab fragments is preferred.

By the fusion of a single chain Fab, Fv fragment to one of the heavy chains (Fig 5a
or 5b) or by the fusion of the different polypeptides to both heavy chains of the full
lengths antibody (Fig 3a —c) a heterodimeric, trivalent bispecific antibody results.
To improve the yields of such heterodimeric trivalent, bispecific anti-ErbB-2/anti-
30 c-Met antibodies, the CH3 domains of said full length antibody can be altered by
the “knob-into-holes” technology which is described in detail with several
examples in e.g. WO 96/027011, Ridgway, J.B., et al., Protein Eng 9 (1996) 617-
621; and Merchant, A.M., et al., Nat Biotechnol 16 (1998) 677-681. In this method

the interaction surfaces of the two CH3 domains are altered to increase the



pol ypepti des under b) and c) is between heavy chain variabl e domain
position 105 and light chain variable domain position 43. (nunbering al ways
accordi ngvoaomU1pssdex of Kabat) In one enbodi nent a tri ParaRe)10p2peci fic
anti body w thout said optional disulfide stabilization between the variable
domains VH and VL of the single chain EFalg fragnents is preferred. By the
fusion of a single chain Fab, Fv fragnent to one of the heavy chains (Fig
5a or 5b) or by the fusion of the different polypeptides to both heavy

chai ns of t hgetéiedimériagbhsf bothi lmady chiing c@aaining thedectwer CHB ndomains. thackal ent

bi f b t i 1
Crivalent . oPLpEaRe: A3 g (R ES hebiieerh i B Be B Rpol SHBICAET O
said full |eoyeh ianthebStigletarThse intraducion byf tahdisukfidso iridige - Hebidiges  the

t echnol ogy d il ral n
a6/ 027011, "Rl JRRRAREE A e L s *aa

Mer charft , A M, et @t}lé\ﬂOI Brglt 2H) GP@M?S namd (“1"?!9‘8’)35 @g . In this method

t he |nteract|on surfaces of the two CH3 domains are altered to increase

t hehet er odi Nghasat b aspbetstithe paviios Badnavalen bispedific bhitiswlyt iwduthd is

domai ns. Each of the tmgFé}B donalns (of the two heavy chains) can be the
"knob", whi | Ehargierizedn he "hol e". The introduction of a disulfide

bri dge stabilizes the heterodinmers (Nbrchant A M, et al., Nature Biotech
16 (1998) 67he68H3 dumainl of &g heavyathaid of tiyp [ full Bength @?1@0(13191911)&963135) and

[ noreases Mol 1 Wit MeRP AACGH Rl Rkl SRR SRkImied NakANt,

bi specific anti urt her characterized i n that domai n of
one heldvy chmtﬁf%?ﬁ WIJ?EChf &Pmppé‘?ﬁgtaﬁ arigmabdyteeace hsbvesns ﬂEFor?EP od¥ ¢Hé ot her
heavy chain gémhiag, full Iength antibody each neet at an interface which
conprises an orlglnal interface between the antlbody CH3 donmi ns; wherein

sai d |nterfac i S aI e the f LRt on of. & v

bi speci fic aﬁ’ TS’HHV“ %r?ae(ieﬂs F{R‘gg(gh %rlpgjtmeﬁl i g ragtt}éerhﬁﬁlglgnfilbls?) %mp £

t he CH3 donmamtiteilypwberhmathy altération isschatacterieed ingtbatt hat wi t hin the ori gi naI
interface the CH3 domain of one heavy chain that neets the original

interface of i@%(ﬁkﬁ&QHﬁﬁb@oﬂghEQﬁuQﬁﬂﬁEaﬁ&@&y chain within the bivalent,
Y,

bi specific an an amno acld residue is replaced with an am no aci d

h | h |
:)rezlt Sglgir aﬁ\é Ie 2(8\,;}{%5 pvgtrh?rgé)els({qggg}qle T ggérr%%ﬁ%%p% rée hrr?a[lg l?) ogg Egz{v%lt cI:hrallgl t%at meets

the original interface of the CH3 domain of the other heavy chain within the

bivalent, bispecific antibody,

an amino acid residue is replaced with an amino acid residue having a larger side
chain volume, thereby generating a protuberance within the interface of the CH3

20 domain of one heavy chain which is positionable in a cavity within the interface of
the CH3 domain of the other heavy chain

and
b) the CH3 domain of the other heavy chain is altered,

so that within the original interface of the second CH3 domain that meets the
25 original interface of the first CH3 domain within the trivalent, bispecific antibody

an amino acid residue is replaced with an amino acid residue having a smaller side
chain volume, thereby generating a cavity within the interface of the second CH3
domain within which a protuberance within the interface of the first CH3 domain is

positionable.



domai n of one heavy chain which is positionable in a cavity within the
interface of the CH3 domain of the other heavy chain and b) the CH3 donain
of the otWerohgdyss3chain is altered, so that w thin thePOTiEFR0IQI003006 er f ace
of the second CH3 domain that neets the original interface of the first CH3
domain within the trivalent, bispecificntibody an am no acid residue is
replaced with an amno acid residue having a smaller side chain vol une,

t hereby generating a cavity within the interface of the second CH3 domain
wi t hi n whi chprf@tblywaar ano® adid hesidehieaving erm@eESidé chaie ¥dlust iCsRlededain is

posi t 1 onabl ecEreler bl 3hAsMD 09 Alihd AR\ PReARLAR: AP AieS! 4P, cha 1

volune is ee € group co SIS rginine al ani ne
(F), tyrosi neyptvpha_ut(rwpt ophan (W. Preferably said am no acid resi due
having a smaller side chain volune is selected fromthe group consisting of

al anine (A), Pf]e%tjaﬁl? a1d amindr RANARIuE Havin 34 $hf1dr Yide dHAiPRSluASASGEletEd t he
i nventi on bo

domai ns are further tered by the i uctjon of
cyst ei fe ( C) fram HEBHYIPLONYSHRE ?éélaﬁ’@fer(éé»ﬁﬁﬁﬁ? g?j %6%‘1“&‘?%@’ Yfﬁms&t’
dormai n such that a disulfide bridge between both CH3 domai ns can be f or med.
I'n a preferrgf oaghagedest thesaiwénmsﬂ vatle @H3 koapasi fiec firthepraltesesl by TRE6W

nmutation in the ,CH3 do he "knobs Vv

mut ations i nMERGUEHeR %F‘?ngeﬁ 0 )t%ls mhol%l&cﬂjaéhﬁ"cogﬁgpoggg% ona(ﬁéi%rftegi?ghal n
di sul fi de br Ctife dombinesucht thet @H3isulbidai bridgsabetakeen both (IEY domainsheaix be A M |
et al., Nat u;&nﬁhpt ech 16 (1998) 677-681) e.qg. by i ntroduci ng a Y349C
nmutation into e CH3 domain of the "knobs chain" and a E356C nutation or a

S354C nutation into the CH3 domain of the "hol.e chain th
pref erk®ed enbbapreipired mbediment spidrifivalents B&@F‘F‘FE C%‘Ppﬁﬁo‘}/tﬂggwn‘?’gﬁ‘g‘gg’mga

Qggy mJE at I ﬁf‘ﬁw'(’lHPE@m@{n 6fhtﬁeHmo@l'ﬁladﬂ%ﬂm%demQMﬂ’Bﬁ&&tamﬁﬁaﬂ
mut at i Qns e .0 0,
bi specific aﬂ1 Gbgy(ti t}e@f iﬁaﬁha"f%g_‘a argfig S%tgrlrc}ﬁalgl ‘gmﬂ?l d%'/%n%%wo CH3
gegaijns and BaS4eh tHE?IBHS;iohﬁﬁﬁman Y10 by used @ﬂﬁmh&ltl A.Mhet ait,I¥atursfBiptesht wo
onmi ns Y34
Egég@ﬁs %ZZ ég?;ﬂ?ré %@ro'aﬂ&ﬂ% a0P349t %&tﬁhﬁn@qwﬁﬁ&&n&ﬂ%f

addi ti onal tation 1n the ot omain formn

i nt ercHai n dthsulknobe dheindgend enEFRET nﬁgatwr\/vaw Q345r anyatien intp) tihﬁogﬂ?’ of

domain of the “hole chain”. Thus in a another preferred embodiment, said trivalent,
bispecific antibody comprises Y349C, T366W mutations in one of the two CH3
domains and E356C, T3668S, L368A, Y407V mutations in the other of the two CH3
domains or said trivalent, bispecific antibody comprises Y349C, T366W mutations

20 in one of the two CH3 domains and S354C, T366S, L368A, Y407V mutations in
the other of the two CH3 domains (the additional Y349C mutation in one CH3
domain and the additional E356C or S354C mutation in the other CH3 domain
forming a interchain disulfide bridge) (numbering always according to EU index of
Kabat). But also other knobs-in-holes technologies as described by EP 1870459A1,

25 - can be used alternatively or additionally. A preferred example for said trivalent,
bispecific antibody are R409D; K370E mutations in the CH3 domain of the “knobs
chain” and D399K; E357K mutations in the CH3 domain of the “hole chain”
(numbering always according to EU index of Kabat).

In another preferred embodiment said trivalent, bispecific antibody comprises a
30 T366W mutation in the CH3 domain of the “knobs chain” and T366S, L368A,
Y407V mutations in the CH3 domain of the “hole chain” and additionally R409D;
K370E mutations in the CH3 domain of the “knobs chain” and D399K; E357K

mutations in the CH3 domain of the “hole chain”.



Kabat). But al so ot her knobs-in-holes technol ogies as described by EP
1870459A1, can be used alternatively or additionally. A preferred exanple
for said woizorhasis3 bi specific anti body are R409D; K370ECK¥P2010002906 n t he
CH3 domain of the "knobs chain" and D399K; E357K nutations in the CH3

domai n of the "hole chain" (nunbering alagays according to EU i ndex of
Kabat). In another preferred enbodi nent said trivalent, bispecific antibody
conprises a T366Wmnutation in the CH3 domai n of the "knobs chain" and
T366S, L368AIn ¥AGKM prefertddoembodinicne said3trilatent, nbisfect five afititoddy C¢mi1p1‘iseand

additional ly tati.on i hai n"
and D399K; E§§3§853?Wﬁ%‘wﬁni AL o&@?é&%%%yéﬁh@aﬁﬁ %néitcg: ?3. n". sgmot her
preferred ean)ﬁBAne\iﬂO'ls‘élmhtatnonsahehc othsr ofdlg fveo &3 dordging @msalﬂstélyalVBMQC,

-\I;?Lg?y guut gt : girr%éedlch gﬂt?odﬁftyher rés\é@ %ijmbﬁﬁ nﬁl‘f%o%@%%emﬁgﬁmb?@ﬁé\

domai ns or said trival
bi specisf c aﬂ‘bmw@lyn‘iﬁ%iﬁ@,sj@é@sh@@"\WWE%‘PP%H’SthFRﬂE?ﬁQfQF tt”ﬁé? é\D CH3
((:_Ijl(zlgaldns and @&ggﬁa aﬁ?%ﬁitld*ﬁﬁ %40‘)4971\:;(377008 c’rh’iq[tét{&sllﬂ ﬁhBGCHB h&ymdih dfhﬁetW](c)
omai ns additio ' nut at i.on he. in o
t he "knobs c Cg‘ﬁ’{lll’ @9&9 S%ES FBRQS rhttf‘:h 0’88%? ﬂbef(ﬁ U “hol e

chai n". Anot bleﬁn’em:)odl ment of the current invention is a trivalent,
bi specific antibody conprising a) a full length antibody specifically

bi nding to h%ﬂﬁ@{ F%Hl%oﬁrﬁz{h‘? gotﬂg'c%yeﬂ r§{ ntl&?ls EVYH @ﬁﬂ tb?%%ml?ﬁaé’r}ﬁb%a ' ns

consi sting i erm na term na Fection of an’ an y heavy chain
vari ablOe dommpl(lsyﬂg an anti body constant heavy chain domain 1 (CH ), an
anti body hinge region (HR), an anti body heavy chain constant donain 2

(CH2), and ap) anfii leRSM aHﬁBch& $pRaifiRalbbimtimpito @lm Er@@@lﬁ)mnﬁﬂﬁlg’:\@f) t wo
antibody |ight chains con N-ter m, nal. fﬁ’ di rlectl on of
an anti body |ight a@ﬁ&'f’r?ngs?(?yafb‘fag{y&g?fﬁf Ronsipiye 1y dtegﬂmgL{n(gg ¥ ght chain
constant domai n (ﬂlréct(oﬁlofﬁh)antlbaﬁ)dqda)/yolmnyanmgjledmhamr(VEb)bari m&dmdmt

SpeCI fically bi nd' %r%aan?ﬁeewr%'ﬂaﬁl (M‘?ltn}m lvi’gf 1 ef&a&ﬂgo(ﬂ @g%gr an ragment

consi st of an anti aln vari ahtl body
const atft domai n 1aIQt(b€I|d)' heaw elrain prgiant dgmllnc}(eﬁﬂ]?)vm m@lb@éwhpww VL), an

anti body |ight chgjf, eofeiR@bmain 3 (CH3); and
ab) two antibody light chains consisting in N-terminal to C-terminal
direction of an antibody light chain variable domain (VL), and an antibody
light chain constant domain (CL) (VL-CL).; and

20 b) one single chain Fab fragment specifically binding to human c-Met),
wherein the single chain Fab fragment consist of an antibody heavy chain
variable domain (VH) and an antibody constant domain 1 (CH1), an
antibody light chain variable domain (VL), an antibody light chain constant
domain (CL) and a linker, and wherein the said antibody domains and said
25 linker have one of the following orders in N-terminal to C-terminal

direction:
ba) VH-CH1-linker-VL-CL, or bb) VL-CL-linker-VH-CH1;

wherein said linker is a peptide of at least 30 amino acids, preferably

between 32 and 50 amino acids;

30 and wherein said single chain Fab fragment under b) is fused to said full length
antibody under a) via a peptide connector at the C- or N- terminus of the heavy or
light chain (preferably at the C-terminus of the heavy chain) of said full length
antibody;



domain (CL) and a linker, and wherein the said anti body domai ns and said

| i nker have one of the following orders in NNtermnal to Cterm nal

di r ecti orwwORa)o/NF$58HL- | | nker - VL- CL, orbb) VL-CL-I|i nker - YETE@HRO10(0290€i n sai d
linker is a peptide of at |east 30 ami no acids, preferably between 32 and
50 am no acids; and wherein said singleshain Fab fragnment under b) is
fused to said full Iength anti body under a) via a peptide connector at the
C or N termnus of the heavy or light chain (preferably at the Cterm nus
of the heavy chai Wherefn si&d piepftidHcoiu&l&girhs apéptiledf anteasted amidaiadideept i de

connector is a pe am.no _acgi ds, preferably between 10 and
50 am no aci ds. Vgeheirﬁ’l?'ﬁ?fe e&ﬂﬁ@d‘i‘lﬂgﬂtaml‘b? &' Srabl y the trivalent, bispecif

c antibody conprises a T366Wmutation in one of the two CH3 domai ns of and
T366S, L368AWitNWDThis embadinume, praferatdy thehtrivabet,thispecifis @iidodysainpsisemal nor e

preferably ”i‘?ééWH}é@!aEGﬁ in QhéB?‘E}héM?o @@43'?&{1 3&8?@6&1 38869 A, PAPMW
mut ati ons in one domal ns o S354C (or E356C) T366S,

L368A, SY407Vmuatigns dhthe qsh@rﬁtf the e (313 éﬁ@awnwraé%ﬁﬁwé y BsttrivEst y i n
sai d enbodi meRpedifi® ahtibodd! @Mprises YBAOTT Te66W irGdions aRhe HEILEMEZHK. 370E

mutations in,t . D399 E35/K put ati ons
in the CH3 d%?fﬁ?‘ﬁg_‘?a‘i“ﬂg%‘ﬁ%f%r%qq ??%}oﬁ‘ﬁg%m X%@gy tK‘éﬂS ipfhe 86’1réfent

i nvention i SOﬁltHertwoaCHItdoxﬂmlsspe(@tfdnallyam siid cymimdipentsthe grieglerd, bispecifiengt h
anti body spe | | ind o] ! t wo
ant i body heai%tlbo |cr?§1p%o%s?§€96 th’zg%-q?lgrgt?n&r? ]Inatpg (g??% %tainrg?fg{re %li)%n of
an antlibody ¢haanviandHa3 Pk di35dKl mu@bmwtbwm domaam of hedholewhenidnt heavy
chain domain 1 (CH ), an antibody hinge region (HR), an anti body heavy

chai n const aghoerRiBodintdatid); thara;dnaﬁk aRbhtRadys HQﬁVMeﬁh%ﬁsﬁ?@iﬂesd@%dﬁoml n
3 (CH3); an ?qng%rgtwo antibody |ight chains consisting in termnal to
d

C-term nal $%h of an antibody light chain variable domain (VL), and
an antibody |ight chain constant domain (CL) (VL-CL).; and b) one single
chain Fv fragnefill &meth drtibedl spedifictiltygbindingtoannmnNEbB;2 whé censistagj of: si ngl e

chain Fv fragment aa"jng% aR?ib(i)(ﬁ/ fhgw ch&ns aéoﬂsigﬁﬂé illl %Qéljﬂﬁnal to C-terminal
15 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); and
ab) two antibody light chains consisting in N-terminal to C-terminal
20 direction of an antibody light chain variable domain (VL), and an antibody
light chain constant domain (CL) (VL-CL).; and

b) one single chain Fv fragment specifically binding to human c-Met),

wherein said single chain Fv fragment under b) is fused to said full length
antibody under a) via a peptide connector at the C- or N- terminus of the

25 heavy or light chain (preferably at the C-terminus of the heavy chain) of
said full length antibody; and

wherein said peptide connector is a peptide of at least 5 amino acids,

preferably between 10 and 50 amino acids.

Within this embodiment, preferably the trivalent, bispecific antibody comprises a
30 T366W mutation in one of the two CH3 domains of and T366S, L368A, Y407V
mutations in the other of the two CH3 domains and more preferably the trivalent,
bispecific antibody comprises Y349C, T366W mutations in one of the two CH3



anti body under a) via a peptide connector at the CG or N termnus of the
heavy or |ight chain (preferably at the Cterm nus of the heavy chain) of
sai d ful IWDepgyhns®At i body; and wherein said peptide conRETEFROINHW0pept i de
of at least 5 ami no acids, preferably between 10 and 50 am no acids. Wthin
this enbodi nent, preferably the trival ers,- bispecif ¢ antibody conprises a
T366Wnutation in one of the two CH3 domains of and T366S, L368A, Y407V
mutations in the other of the two CH3 domains and nore preferably the
trival ent, bicpsias bf andB8B540der BIF66)i T266SY3S68A, Y360Wnmutationsomsthe nthene of

h CH3d i S3 ati
e S A B ok e T
trival ent, baibedyfdompeses B4A9Dr KIFOE soutatiersop; thr37idE demain pbthe obre CH3
domai n of thg, "#”Qghu%b@{ 53 FRAMBBABKS inkRE ¢ 3HndHih 8P thel “Roleafd3 domai n of

t he "hol e chain”® S a preferred enbodl ment is a trivalent, bispecific
anti body conprising_a) a ful]l Ien Q eci al |y bi.ndi ng to human
Er bB- 2 5and c o4 %P‘ieFFéreéifembé’Q)mF% %Fﬁ‘\'a(l) T’%&@{} a@ﬂ&?‘i’é %%PE? "8%ing in
N-terminal to Ctermnal direction of an anti body heavy chain variable
domai n (VH), a)amﬁﬂ&lﬂbh@bdmﬂwdysdpaaﬁcﬂgabiyndmgab humamiirbB-2 gnGidopsistang et i body

hi nge regi on (HR) n b he i and an
anti body heavy ch%ﬁ)ﬁw ét’ cﬁz[ G0 %M%ngpwgﬁg%@%%gm@t&ﬁ%dy | i ght
chai ns consi sti ngdlrccthtoélamanalboctydle@’Y ehaii mariabde d@@@llndrYI'Bf anantihedybody

:1'022} nC?g'L )n {3[ Ia %gﬁ?ﬂga@ &Xﬁ‘)don?d?ﬁhi‘@fﬁ?%‘n%ﬁ!ioéy Biflke fdpRbd (1R 8k ant

one sing chain rggargent Egglflcally
bi ndi N to hunan aotihedy heWﬁé‘F“@i‘mC%Fa&t Q?TH@P@(@HQ nd KU der b) is
fused to said ful [;hd,@egislfh@abmaﬁﬂy(@m@)@an@) via a pepti de connector at the
C- termnus of t heavy. chaj.n of sai tha d esulting in
two anti body heavgk’e)cth?iar?g‘Pﬂ‘g‘f nglgﬁ}ﬁ“ﬁls ﬁ?f‘%‘ﬁﬁ‘é‘%’hf‘g% q I¥mé herein sai d
pepti de connect or dirsct@npdphiadgbady light chais Naﬁatzicrﬂmuamd\’dé, anfhast 4ngibody

enbodi nent of the r { bi fi tibod
corrpr: sing a) a fhlgliﬁ ﬁrhg{rP\lg h&%ﬁ{ﬁdb&%yl(él“?gh;l cal F’g‘tlb. n:j?ﬁgmt oI ﬁu?rgnl E?b)é-

and consisting of: aa) two anti body heaV}/ chai ns consi stl n in N-term nal
t o C t¥rmi nab) one single chain Fv fragment spemﬁca ly binding to human c-M

wherein said single chain Fv fragment under b) is fused to said full length
antibody under a) via a peptide connector at the C - terminus of the heavy
chain of said full length antibody (resulting in two antibody heavy chain-
single chain Fv fusion peptides) ; and

20 wherein said peptide connector is a peptide of at least 5 amino acids,

Another embodiment of the current invention is a trivalent, bispecific antibody

comprising

a) a full length antibody specifically binding to human ErbB-2 and consisting of:

aa) two antibody heavy chains consisting in N-terminal to C-terminal

25 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); and
ab) two antibody light chains consisting in N-terminal to C-terminal

30 direction of an antibody light chain variable domain (VL), and an antibody
light chain constant domain (CL) ; and



direction of an anti body heavy chain variable domain (VH), an antibody
constant heavy chain domain 1 (CH ), an antibody hinge region (HR), an
ant i body WO20W/WkH®Bn constant domain 2 (CH2), and an anPCHERQ016862096 chai n
constant domain 3 (CH3); and ab) two antibody |ight chains consisting in
N-terminal to Cterm nal direction of arg3anti body |ight chain variable
domain (VL), and an antibody |ight chain constant domain (CL) ; andb) a
pol ypepti de consisting of ba) an anti body heavy chain variable domain (VH);
or bb) an anb) bpelypémite\condigting ofar i abl e donain (VH) and an anti body

constant domain 1, (\CH ) .. wherei 1 { OR used with the
N-term nus of theb%)l—alna%%g%’,\@?' ?aggéﬁgf?gﬁaﬁg‘ggc@gﬁ‘tﬁ%“cmffg the C-term nus of
one of the two hebb)ancintibndy béavyashdinfvariableaiogtain Q) ansan qtibedyting in an
anti body heavy Ch@éd’stz{nt?ﬁn?aiﬂsli@{ eptide) wherein said peptide connector is
a peptide of at least 5 am no acids, pr(gf erably between 5\?123 50. am no
aci ds: ) a pol yp¥peiesesabpalyentisls 1Hfused yithihe, Nrteppigys Pféﬁt MY ari abl e
dorr_aibnd( V|L') O e Dila a3fepaé thra¥tor taie %memuﬁ@fbﬁ@ bﬂh_égwaihlﬁa\(})\/iﬁa_irgmf an
anti body |ight chai.n st ant .do n . er.ei ai ol ypeptd de is
fused with the Nt ﬁ'(?:lﬁ Egtg‘fa“flﬂggm reﬂ’g%g‘ﬁl%agtlﬁo‘?ye%?aﬁvéézﬁ%lf}ﬁne {996 t he
C- term nus of thepeithie) whéreirhaid peptlileaoynakmiing peftideaifat feabtl S dramgt h
ant i body (resul tingad a0 ARt ROU RCANYSERAIR cidd- fusi on pepti de).:

[ o) {0 The

wherein said pepti onnector 1s 1dentica pepti de connector under
b); and wherein the antibody heavy chain variable domain (VH of the

pol ypelst i de Qh@ib@lmf;ptkﬁiﬁ(fotm@l%rﬂfi body light chain variable domain (VL) of

L hedpol yfepE1 i de uegﬁ/aﬁblt&}ibmégﬁg}hﬁghaﬁm#bﬁhm@d@mairgwt)?bﬂdlb Ing SIh te sloec: fically
I nding to human c- Vthin this. enbo nt, prefera . .rlval ent,

bi speci fic anti bofy aé‘cﬂ‘r‘\é\i’f’%ggg GP%‘GWﬁgitegf’W mq{’él aé‘fé{‘flhg‘% &EhtCHB

donmai ns of and T36kdn chdfdddodth(CIut ations in the other of the two CH3
domains and nore R/rh%lte%{ ga% }golgfggptweliyﬂls%@twith the N-terminus of the VL domain via

15 a peptide connector to the C-terminus of the other of the two heavy chains

of said full length antibody (resulting in an antibody heavy chain — VL
fusion peptide);

wherein said peptide connector is identical to the peptide connector under
b);

20 and wherein the antibody heavy chain variable domain (VH) of the polypeptide
under b) and the antibody light chain variable domain (VL) of the
polypeptide under c) together form an antigen-binding site specifically

binding to human c-Met

Within this embodiment, preferably the trivalent, bispecific antibody comprises a
25 T366W mutation in one of the two CH3 domains of and T366S, L368A, Y407V
mutations in the other of the two CH3 domains and more preferably the trivalent,
bispecific antibody comprises Y349C, T366W mutations in one of the two CH3
domains of and S354C (or E356C), T366S, L368A, Y407V mutations in the other
of the two CH3 domains. Optionally in said embodiment the trivalent, bispecific
30 antibody comprises R409D; K370E mutations in the CH3 domain of the “knobs
chain” and D399K; E357K mutations in the CH3 domain of the “hole chain”.

In another aspect of the current invention the trivalent, bispecific antibody

according to the invention comprises



bi specific anti body conprises Y349C, T366Wnutations in one of the two CH3
domai ns of and S354C (or E356C), T366S, L368A, Y407V nutations in the other
of the twWsOCHB/U&sFAI ns. Optionally in said enbodi nent tRETEPRMAI0629DG

bi specific antibody conprises R409D;, K370E nutations in the CH3 donmain of

t he "knobs chai n" and D399K; E357K nut ati4ans in the CH3 domain of the "hole
chain". In another aspect of the current invention the trivalent,

bi specific antibody according to the invention conprisesa) a full length
anti body bi ndi ng) 4 fullHength aktib&lywiodiag $¢ hugaroErtBy@cansisting df twe amtyboddlyai ns

VH- CHL- HR- CH2- CH3 and t wo. i Ry Hir.ERb._ [ 4 W ferably
one of the two O—Bﬁ%ag cﬁ%élggéﬁrrprl sIe{? %ZQ@gﬁig%%%bgtd&%{ ‘Z’kﬁ“ﬂg ot her
of the two CH3 donfilins conprises S354C (or E356C), T366S, L368A, Y407V

mutations); b) a palyRERrERrBANGHSI thEnaS CPB)dodthid ddnisiks Fagg, chain
vari abl e domain (VH); or bbhﬁan ant i body {I\\tﬁavy chain vari abl e.domain (VH)
and anSanti body coh3e@Wimughansand thepfher of fhe o FESdemyps ¢¥BRRSSSe is fused

with the N-term nug3sfC (dreE386CY0THH6R, L3684 YHITV slatdtions)ect or to the
C-term nus of one of the two heavy chains of said full Iength antibody c) a

pol ypepti de consjstin f,ca) .an antibody |ight chain variable domain (VL),
or cb) an antib ?/p?liyg?#ld@ﬁgklﬂg\%&abl e domain (VL) and an antibody |ight
chai n const ant donha)an(aBtippdywheavgichamaiadalpeldpmept (\dd);ios fused with the
N-term nus of the ORibBd ¥ t HIRESE BVHS Snd BEarfeitb@ym nus of

t he ot her of the t%)%‘eavygg%g?ar@dg?&sdg?l blf%ul Pﬁl e%t% anti%ody;gland wher ein
t he antd body heavy censtint dompinab(@Honai n (VH) of the pol ypeptide under b)

and the antibody | i\gBteiffiad Bol}&ﬁ%@tﬁi@'i@_ﬁ@@mwﬁ th/IN-téituldeo M YPE@Imala under
c) together form an, anti %ﬁn bi'n H‘]rg §1| t e specifi.cal Iﬁg bltndl ng}@}o}? human
c-Met. Tetraval ent Vi &RsRBAf cangegionte theGrtegmunus,of 98F RE e PRECALY thalleci fi ¢
anti body accor di ngof said Ael Jengthrintibody s

¢) a polypeptide consisting of
15 ca) an antibody light chain variable domain (VL), or
cb) an antibody light chain variable domain (VL) and an antibody light
chain constant domain (CL);
wherein said polypeptide is fused with the N-terminus of the VL domain
via a peptide connector to the C-terminus of the other of the two heavy
20 chains of said full length antibody;

and wherein the antibody heavy chain variable domain (VH) of the
polypeptide under b) and the antibody light chain variable domain (VL) of
the polypeptide under c) together form an antigen-binding site specifically

binding to human c-Met.

25 Tetravalent bispecific formats
In one embodiment the multispecific antibody according to the invention is
tetravalent, wherein the antigen-binding site(s) that specifically bind to human c-
Met, inhibit the c-Met dimerisation (as described e.g. in WO 2009/007427).

In one embodiment of the invention said antibody is a tetravalent, bispecific
30 antibody specifically binding to human ErbB-2 and to human c-Met comprising
two antigen-binding sites that specifically bind to human ErbB-2 and two antigen-

binding sites that specifically bind to human c-Met, wherein said antigen-binding



tetraval ent, wherein the antigen-binding site(s) that specifically bind to
human c- Met, inhibit the c-Met dinerisation (as described e.g. in WD
2009/ 007M202010M5858e enbodi nent of the invention said arCirkerdyioios20a6
tetraval ent, bispecific antibody specifically binding to human ErbB-2 and
to human c-Met conprising two antigen-hizgdi ng sites that specifically bind
to human ErbB-2 and two antigenbinding sites that specifically bind to
human c- Met, wherein said antigen-bindingsites that specifically bind to
human c- Met §inli fabt spdecficatliebindi toehumat icavie( athibiesbe icheldt eirgerisatiok\@as
2009/ 007427) , Anpt her .a current invention therefore is a

t et raval ent , 9§58 eéﬂ?'g'ile%gﬁﬁogg@%%ri sing a) a full length antibody
specifically binding to human c-Met and consisting of two antibody heavy
chai ns and tAoothet iaspaty ofi giet cementninventien Bherefpee 18 ehtteteavalent.nbiseeefiai n Fab

fragments spegiv.i Bhpding to ErbB-2 , wherein said single chain Fab
fragnents un%glrbfoggggllrn I@uged to said full Iength anti body under a) via a

peptide connector at the G or N_termnus of the heav r light chain of
said fdll | et f\xllalﬁtlgtbéeg}bm(nmeﬁ'&ca‘i%g] {nggp WH@“&M&%WO ?9{\?@%‘{188 two

t her ef or e i saito@l haxal @ains dat $W6 ahfibsdyaight bldiys;@aadpri sing a) a full length
anti body specifically binding to human ErbB-2 and consi sting of two

ol e enar nokas Aragronce cRafbalirbtbe AEASnaflo Bhps | FETCI 0

said single chain Fab fragnents under b) are fused to said full 1ength
anti body under wherimsad pagte chaire Gan Segmenta undereb)@re dpsefito saidrful engdh t he

heavy or |ight ghajoayhdsdd)did #bbpddnGhRectdtdt BRAY- of Q! tefhlin® @FeHedvy
schematic structure gee Fi 6a. _ Anot her ?ect of the current invention

. . P19 . L a
therefldre is a pelighivhuaf saigiful) deneth @t‘é’ﬁa body conprising a) a full length
anti body specifically binding to ErbB-2, and consisting of two anti body
heavy chai nsAabthet idpevit ofbaey chirgitt irnleations ;therafbrd)is t aaetralakdnit,c bispedifigl e
chain Fv fra nt.s specifically binding to human c-Met, wherein said single
chain Fv fragﬁg’r?tdgcﬁﬁlggfmg) are fused to said full length antibody under a)
via a peptide connector at the G or N- termnus of the heavy or |ight

chain of sai @) &dull l¢netiyentibadyi speeificathy binsingatppaiernan ErBrd andr eansistingwént i on
therefore i sug, hRiHoaY RS chaltisSR@%wbIiafitibody light chains; and

15 b) two identical single chain Fab fragments specifically binding to human c-Met,

wherein said single chain Fab fragments under b) are fused to said full length
antibody under a) via a peptide connector at the C- or N- terminus of the heavy
or light chain of said full length antibody.

For an exemplary schematic structure see Fig 6a.

20 Another aspect of the current invention therefore is a tetravalent, bispecific

antibody comprising

a) a full length antibody specifically binding to ErbB-2, and consisting of two
antibody heavy chains and two antibody light chains; and

b) two identical single chain Fv fragments specifically binding to human c-Met,

25 wherein said single chain Fv fragments under b) are fused to said full length
antibody under a) via a peptide connector at the C- or N- terminus of the heavy
or light chain of said full length antibody.



anti body conmprising a) a full length antibody specifically binding to human
c-Met and consisting of two anti body heavy chains and two anti body |i ght
chai ns; aw0 2bjo/t19&53i denti cal single chain Fv fragnents gp@mprkéioabioge bi ndi ng
to ErbB-2, wherein said single chain Fv fragnents under b) are fused to
said full length anti body under a) via.ggpeptide connector at the G or N
termnus of the heavy or light chain of said full |ength antibody. For an
exenpl ary schematic structure see Fig 6b. In one preferred enbodi nent said
si ngl e chai nAfrétherofasge¢t fofagiee bilirgerldi indéntipnh tieefore heta tetravalea Bispdsific ar e
fused to said #ull | engt.h anti body via a peptide connector at the
C-termnus of*PRAY RUBPYSRS i ns of said full Iength antibody. Another
enbodi ment of the current invention is a tetraval ent, bispecific antibody
conpri si ng aj) afulluedgth enghddyapeciboally bipdiogfto bumay cBYladandconsishugrahtvee bB- 2
and consi sti gy nédl, dilfisfle b sAlbadtighetheidleany chai s consisting in
ermn |

N-termnal to rection of an anti body heavy chain variable

domain (VH), an antibody constant heavy chai. in 1 .~ an anti bod
hi nge Pegi om)(w)lﬁerﬁwahﬂﬁglsebynﬁéaé%@&%éﬁ %Peelgﬁg‘fgﬁflgw&%é%ﬂ’%’ze CH2), and gn

anti body heavy chain constant domain 3 (CH3); and ab) two identical
anti body |ight whéessadsisgkt chagh Fn fidgtrentsi uraler b afet fsed tabaidifulbdengtn of an

anti body |light chain variabl e donai | ihody | i i N
const ant domai n“?%ﬂ?y P\lféeir )"?%agérbgldg)cg%é\%\%tosr %ﬁ&e?C%§ n@%g%m% ngl%él%?i’y
speci fically biodighychain ofiszid fidl ogth antibedy.n t he single chain Fab fragments

consi st of an anti body heavy chain variable domain (VH) and an anti body

constant dompdnlexefdilary séenpiiicisk@ghird de8 Mg 6h1ai n vari abl e domain (VL), an
anti body |ight chain constant domain (CL) and a linker, and wherein the

said anti body domaips and. sajd |inker have.o of .the follow & rders in
N-terfOnal t @etrgﬁﬁrfﬁ&em&f) Rent 8?*5 SB’&;"’ W’bﬁﬁﬁ’ of Y, Fagmepts mﬂ% g‘f}Bﬁm
VL- CL- | i nkerc-WietGhll hudern eirbBs2iate Ifusddeto said afufle pnithe antibaaly Vieastpepbdeani no

chai n' Fab 1 ragnerC el e it R ol Spi i hdbadgt € S nole

Another embodiment of the current invention is a tetravalent, bispecific antibody

comprising

15 a) a full length antibody specifically binding to human ErbB-2 and consisting of:
aa) two identical antibody heavy chains consisting in N-terminal to C-
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

20 heavy chain constant domain 3 (CH3); and
ab) two identical antibody light chains consisting in N-terminal to C-
terminal direction of an antibody light chain variable domain (VL), and an
antibody light chain constant domain (CL) (VL-CL).; and

b) two single chain Fab fragments specifically binding to human c-Met,

25 wherein the single chain Fab fragments consist of an antibody heavy chain
variable domain (VH) and an antibody constant domain 1 (CH1), an
antibody light chain variable domain (VL), an antibody light chain constant
domain (CL) and a linker, and wherein the said antibody domains and said
linker have one of the following orders in N-terminal to C-terminal

30 direction:

ba) VH-CH 1-linker-VL-CL, or bb) VL-CL-linker-VH-CH1;



anti body under a) via a peptide connector at the CG or N termnus of the
heavy or |ight chain of said full |ength anti body; wherein said peptide
connect orwp20®/1383581 de of at | east 5 ami no acids, preferabiBP2be00®en 10 and
50 ami no acids. The term"full length anti body" as used either in the
trivalent or tetravalent format denotes3gn anti body consisting of two "full
| ength anti body heavy chains" and two "full Iength antibody |ight chains”
(see Fig. 1). A "full length antibody heavy chain" is a pol ypeptide

consi sting in N-teheiemadaid hnkertiea peptale ofiat keesti36ramuho acidgmpréfently heavy chain
vari abl e domai n (V tant heavy chain domain 1 (CH), an
anti body hi nge re%?ton f%@%@g‘% Eg&%y heavy chain constant domain 2
(CH2), and an anti body heavy chai n constant domain abbrevi ated as
VH CH 1- HR- Ol whigeingsaisl wingle shain|Fpb dragmentspudsr b?ém@se%ﬁ Wl%&ﬂkltea&tﬁl domai n
4 (CH4) in cagmol uﬁ@exaa')tvlé)@ﬂé’pt% cbﬂl@ecﬁh‘l%@{h%@ drdE tefthihie bt hebeor f Ul |

| ength antlb y heavy iI's a peptide consisting in NNtermnal to
C-t er ninal dllglﬁéb?@@féﬁldwlwha% Od 2 and CH3. A "full length antibody

i ght chain" is a polypeptide consi Sti ng in NNtermnal to Ctermnal
direction of an awhedetrsaid pehidecbanettords i plptelecdmaleast(Srhinoacdisan anti body
| i ght chain constan r as VL-CL. The antibody |ight
chai n const ant doﬂrﬁ?%d[?n%f&ég%@ean ?@f%éh Sgsl (lanbda). The two full

| engt h anti body chains are |inked together via inter-polypeptide disulfide

bonds bet weefihe keemCifull dengittnartihpdyhas @md @@%imthﬁﬁﬂvaié@tv@éﬁtrqwnﬁu Prgeat
regions of tﬁﬁ;Jtéé'dn A&l@ewc&mﬂlﬁzﬁmaﬂmﬂ ihntibba H&iv@zsclﬁfnst’&iﬁﬂ eab full

| GM 11, 1 gBICIsaegHt b Sl ChRBRHFPea i Blue ﬁﬁc%as%ng e s

i nvention caphdie’ fig @anpalysdphidk econpieting $n eN-gerntineleto, Caerrmhelydnrmnolneof an

chinerized or tﬂ@rﬂrgrbeég}qt II??‘(E)I?%Z%dBThe hyhg el%em%% n#dnlg&g{ %%a\%pgﬂzﬁﬂ' ng to

the inventi off" S eac a pair
VH and VL, V\hommnblo(Gbe)penaﬁmbmlyl hingx ngdeR)earsamt@Oémheg‘@nchanhéomstmér m nus

of the heavy{i(g)ljt;,lﬁ %thﬁgfl JAEs) 5%hﬁibdcftweglsﬁv%ggh%inaeéﬂs?ﬁﬁyd&ﬁﬁﬁt 8s(¢ths),! ast

amno acid a nus or_sSsail chain. The N-term nus

of t helsheavy abhreyintgtascHB-QHS fHBAFHIZCGHI; 4“én‘§tt’r9né]rlu¥ apAfibadn deay chin| ast
anmno aci d atohspmit Nomhfy 4 COMS) Qlfca§@bﬂaﬂ1§ﬁil)¥)d9rof Ithe@i'ﬂ)clébs’vllgmi 'Pi’ﬁ'eﬁabrynﬁhe

“peptide conpector” as uysed within the inv denat es th
ani no acid seﬁ@e]ﬁeg@ ‘Wﬁﬁ ¥ heavys B?‘é‘r dbiayP yp HOPpatgg ﬂrb’f\ﬁPenFﬁréa%Vi‘o
peptide C-terminal direction of VH, CH1, HR, CH2 and CH3. A “full length antibody light
chain” is a polypeptide consisting in N-terminal to C-terminal direction of an
20 antibody light chain variable domain (VL), and an antibody light chain constant

domain (CL), abbreviated as VL-CL. The antibody light chain constant domain
(CL) can be K (kappa) or A (lambda). The two full length antibody chains are linked
together via inter-polypeptide disulfide bonds between the CL domain and the CH1
domain and between the hinge regions of the full length antibody heavy chains.

25 Examples of typical full length antibodies are natural antibodies like 1gG (e.g. IgG
1 and 1gG2), IgM, IgA, IgD, and IgE. The full length antibodies according to the
invention can be from a single species e.g. human, or they can be chimerized or
humanized antibodies. The full length antibodies according to the invention
comprise two antigen binding sites each formed by a pair of VH and VL, which

30 both specifically bind to the same antigen. The C-terminus of the heavy or light
chain of said full length antibody denotes the last amino acid at the C-terminus of
said heavy or light chain. The N-terminus of the heavy or light chain of said full
length antibody denotes the last amino acid at the N- terminus of said heavy or
light chain.



connectors according to invention are used to fuse the single chain Fab
fragnments to the CGor N-termnus of the full length antibody to forma

mul ti specWi2010ans3sBody according to the invention. Pref@CTHPR198DWOpept i de
connectors under b) are peptides with an am no acid sequence with a length
of at least 5 amno acids, preferably w3gh a length of 5 to 100, nore
preferably of 10 to 50 am no acids In one enbodi nent said peptide connector
is (xS)n or (&xS)ynGmnwith G = glycine, S - serine, and (x =3, n=3, 4, 5
or 6, and n¥THE tefm ‘%elﬁtidef:’c)onﬁéct()v(’ as ubedwithin Be hventidh dendtesra peptide withor 3) |

f bl = ,
b of or abl y | PR YA DeR Whicfol prRiasty Tt Yyrbhdul bl THEG, Beptide |
pol ypept i de amdectorslacoordng\to- lfwtntml appaped Wefusethe sirgle chyindiab fragasntyi a t wo
| denti cal pegtyde. &'quqglﬁlﬂussott t@ietfﬁ'l‘? 1&&@%%3? t@%tort ﬁmdltlﬁyé&%fhnﬁﬂbd}b()dy,

sai d peptide connectors are es o0 east 25 amn % referably
pepti dés betwmlfa)toéh@l@@nﬁ?ﬁ r?éefﬁ@%saé‘ﬂﬂemteéobﬁ‘eéf‘g? HB‘E? géfedp?}’g‘ﬂf? de
Congecgor i gw{t@sx%)dim% a@@<§)qﬂaaeev\wtth Qeng®l (}’fCatnleastS ami:‘rﬁf acriﬁs [ﬁlﬂérdbkyl 32
n= or :

or 3), pref e‘f”é‘g lgpgﬂ‘ @fa%(ﬂo nﬂ)OS “)‘%re pfg%(eﬁabl%loﬁ }(Z RH 69 ﬁ%% Fliragigrreg?e' (see
Fig2a ) is aem@ddtmemﬁsadbpmrdmcsnnm@roﬁ (@nS)amﬂ(ﬁhdyn(Emamyh Eraiglycuws Sabl e
domai n (VH), an anti bady cons bed hai n
vari abl e dondi N 3\96)9 a% gn iItb’g%I)r ?j%gﬁ éalﬁ ?_ﬂ():% s(?g)r(l%%rrgl % Ai(blg‘?;m& a
li nkerl0 V\,hermFIO slaz dar éhmrdf@@blydbﬁa‘? arsd am? erat.anote preferapbv it ke df 1T Re

fol |l owi ng or r t {8 Bhisddidd WheteiPn: VM o¥Hr SHl-dHinker -
ve-c by VL]G%L&?BIEKIN; f_h% mvﬁféht Bispectid di )0 VL g L nker

K d
VH CL; and vpriyRapHd §e@in9 3 Vrlrk@’f 3j %Léj 60P9]|§B€Htie‘{ﬁe(\%$ q{:q ’%re%@tf”é?fl K R aci ds,

preferably bgex@an namoﬁﬁbmrte men@aemsﬁusdosm@hle lefih rankibbdy, r sggrent s
a) VHCH -Iinker.-

p%é I | d
d) VL-CH -|PkdF “Soregtors arg Tepliies Pl B I 2 o ety pinrtliS adfgksly
bet weds t he l@mdemﬁ()ramlnﬂ) talmenCiacidd camdi moreTheeferablyn said meptrdmmeﬁ%tl%s t he
| ast am no )gﬂg Oé(aﬁrsﬁdrﬁwrﬂési }Qﬁlet Sr-”kerfﬁet gﬁ({r({\g53d§;ggt ¢%righand ast

anm no aC|do nus I's used w |nthe|n entlon
in connect i om=fi,tlh 2girdglos (& A= Pabs @rr%lelﬁdbﬁ’t‘so and %é)o?@geréb BT i Hand

am no acid sgdyeqees, which is preferably of synthetic origin. These

pepti des according to invention are used to I|nk a) VHHCH to VL-CL, b)

VL-CL to VH V
fol | owi ng sifigl Sénéﬂef%ﬂ Cgﬁb &F%}FQ t éseSc“g‘é%il’ iy 4 8"&? i‘%%%‘%%‘sg‘r‘%gaéihglhm -
20 antibody heavy chain variable domain (VH), an antibody constant domain 1 (CH1),
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-CH]1-linker-
VL-CL, b) VL-CL-linker-VH-CHI, ¢) VH-CL-linker-VL-CH1 or d) VL-CHI-
25 linker-VH-CL; and wherein said linker is a polypeptide of at least 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-CH]1-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
30 acid of the N-terminus, The term “C-terminus denotes the last amino acid of the C-

terminus.

The term “linker” is used within the invention in connection with single chain Fab
fragments and denotes a peptide with amino acid sequences, which is preferably of
synthetic origin. These peptides according to invention are used to link a) VH-CH1
35 to VL-CL, b) VL-CL to VH-CHI1, ¢) VH-CL to VL-CHI or d) VL-CH1 to VH-CL



|'i nker-VL-CL, b) VL-CL-linker-VHCH, c) VHCL-linker- VL-CH or d) VL-CH
-linker-VHCL. Said linker within the single chain Fab fragnents is a
pepti de vwohommi1assno acid sequence with a length of at PCeare0180020% no
acids, preferably with a length of 32 to 50 ami no acids. In one enbodi nment
said linker is (&S)n wwth G = glycine,_39.= serine, (x =3, n=8, 9 or 10
and m= 0, 1, 2 or 3) or (Xx =4 and n=6, 7 or 8 and m= 0, 1, 2 or 3),
preferably with x = 4, n=6 or 7 and m 0, 1, 2 or 3, nore preferably with
X =4, n=7 @ﬁdnﬂ%@follbwl@ﬁngartmﬁihrraatfragaiedtsldcudnﬂfng‘ts theGhSpiizsh a)l ViHa

preferred enf d I
chain Fab fr&fh X@ebgnzy Et%ﬁ‘éhg‘% Iglpor 3g¥‘fsjclbnl%% erLR1C¥§| 8% 55 o
C-t ermi nal dVLdCHﬂdmkea)’H\/ELCISIald l1nh¢rew*th6|n- b, single chaivi Fa -fragmeats- g CHI |
more prefer % ;deglwﬁr r%l??‘l '%'i'& gaLuen&p wAfRO4 ‘§t}pro?fa?rl&ﬁg 30NRRGLRMs, sai d

anti body donmai'ns an er sald sin chain frag nent have one
of theSfol | opiefrgatdy ceifisa lengtl efedhiond) amino@ckdsnimene %}P‘P%Eme%sal%l er 1

VH- CL- 1 i nker (ls)fehhitPGR) §1yem% -deliRK §k =8 LB, 9@@&0%@H#0|1ﬂ 25 3 osi(Rgl e

chain Fab fra msnt addi to th nat U|f| nd between t he
CL- domai n and *taRd ncHP: -(JIBh%PW?maTI %d 12I’i’é hnpfe %&’y s a? \?étjlagglné domai n
(VH) and t heoantd &oslymbiegiitfeedbdy withax =alh) e= dandint= QVI) omr enblodiuieht skad
stabilized b i ntr&i%ﬁ?’on of a disulfide bond between the follow ng

posi tions: nlﬁe B8 2n variabl e domain position 44 to light chain

vari abl e donaln position 100, ii) heavy chain variabl e domain position 105

to |igt c haIma pla:tfereﬂdl embpdiment spissintibedy damaiss and said Hakeryn stidismelar i abl e

domai n posi t§ E%nkﬁtqme %H@bﬁth\é%mmhg oHRIRINNRMihAIQD CLASm{muNDber i ng
I ndex of Kabat). Such further disulfide

al ways accor |Q§g
stabi | i zat i ofireftiodi ngl e chain Fab fragments i s achieved by the introduction
of a disul fi gevhood1apikeewN-Cheomprviidielinlesrav HCIVH mod préfenibly W&-CLngl e
chai n Fab frg’glf r\fnﬁ I:i'gchnl gues to introduce unnatural disulfide bridges
for stabiliz SV idr single chain Fv are described e.g. in W 94/029350,
Raj agopal ,

15 In another 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 direction:

a) VH-CL-linker-VL-CH1 or b) VL-CH1-linker-VH-CL.

Optionally in said single chain Fab fragment, additionally to the natural disulfide
20 bond between the CL-domain and the CH1 domain, also the antibody heavy chain

variable domain (VH) and the antibody light chain variable domain (VL) are

disulfide stabilized by introduction of a disulfide bond between the following

positions:

i) heavy chain variable domain position 44 to light chain variable domain position
25 100,

ii) heavy chain variable domain position 105 to light chain variable domain

position 43, or

iii) heavy chain variable domain position 101 to light chain variable domain

position 100 (numbering always according to EU index of Kabat).

30 Such further disulfide stabilization of single chain Fab fragments is achieved by the
introduction of a disulfide bond between the variable domains VH and VL of the
single chain Fab fragments. Techniques to introduce unnatural disulfide bridges for
stabilization for a single chain Fv are described e.g. in WO 94/029350, Rajagopal,
V., et al., Prot. Engin. (1997) 1453-59; Kobayashi, H., et al., Nuclear Medicine &



V., et al., Prot. Engin. (1997) 1453-59; Kobayashi, H , et al., Nuclear
Medi ci ne &Bi ol ogy 25 (1998) 387-393; or Schmdt, M, et al., Oncogene 18
(1999) 1MO2e1011A2553 | n one enbodi nent the optional di sulPCro@2pomokobet ween
the variabl e domains of the single chain Fab fragments conprised in the
anti body according to the invention is-lgtween heavy chain variabl e domain
position 44 and |ight chain variable domain position 100. In one enbodi nent
the optional disulfide bond between the variabl e domains of the single

chai n Fab frBwI@g}I 35 qom)immm drh®chariti, Md et at.c @mstbgenet B8 t(lr@ﬁ)nl\ﬂérhti onis

bet h h i abl
Gormi n posit A1 Bons SbirSa B RleREBILIR ohig sBRfieh i bR A ﬁé%‘g “In an
enbodi nent sofhgieesmglal chafra(fab rfzagmesnts whbmpoised sramf: gmbqslwaipccer@m ftp dbe
stabilizatiop, bet (}Q(e?sn?étbv%m‘( q{ehﬁplcﬁaﬁ’lo&@iaﬁ& Mﬁn@lﬂd 6411{1(9']( 4h%d311§l§1| &dirbal n

Fab fragments are single chain_Fv ra ( $ %Zb is a

pol ypepti de Wﬂbif’sEipﬁlemopoﬁﬁoraﬂppbéﬂfnﬁe%{v?/oq{‘ﬁﬁphﬂ\?aPPté%a}e C@%ﬁ% “OPYH) , an

\«mt i body I'i gﬂs@tweagm Va%fab&m(ﬂnﬂﬁgﬁf the(éﬁhgle cnmd laibsﬂmgém?s:bfnpﬂ@d 1h|thker f
erein said anti mai ns, and sai d si ai n- in e o

the follow ntftthod¥r CP%‘W £ rthe FRYeRuiends; B eﬁ%\l QYY & exlfl 1 Vagatﬂlp%%a%

VH-si ngl e- chpésitidry 105 ndesdr tijht, chdin armblegdemainapositian Mikémnnhmngpal@faes ably

a) VH-single-cha r nd wherein said singlechain- Fv-linker is
a pol ypepti d%cc8fd"\}\%F’nEgn A;emonf:){éaac?}d sequence with a | ength of at Ieast 15
am no acids, in one enbodinent with a length of at least 2Q amn ?ﬁ

The t é0m " N- frerani embodimeat églgien@hmasFalarﬁWeahvﬂtf@fm tgld QpHeRal; %‘é‘ eThe

term " Cer M gs;ganet Eectw%a? the $hriR AemAGIsAVES atd & 1Cof eensingle. chhiie Faler m
"single-chain-Fv-linker" as used within single chain Fv fragnment denotes a

pepti de wi t hiTaEPEYs 3t MeeBgtences, which is preferably of synthetic origin.
Sai d single-chain-Fv-linker is a pepti de with an am no acid sequence with a
| ength of at Al éaﬁgleléhaammofragrhdm” (see Fig2bediodi pehypeptideh censistingt ¢f e at

lleast 20 aming éb ,9@3(311? Q)¢ DRI &‘Eﬁi’tﬁleydo% g (ﬁ,}r) tghtﬁ,%{i?q@tlélaﬁp%ggol@m no

acids. In ond" sal d single [ er 1s
gl yci nd, S =demainn@/L), and Bsingle- ¢halva431n}5pr ayhmln(ggld—aqtlm qipmagns gnd5 or
6), preferab éidvﬂutl e>éha‘1n‘13v inidr KhveMom® of WhE f&ﬂ&ifﬁga&HﬁrsWnt N termirthl t6= 3 of
4. hi one empodi nent sai d ingle-chai FVII:E{(Q %15%, éeﬁééj
Furt her nore Safcamisphgirgctiom # M- F‘lngg? nsFyligker Xe A Sé‘?% ereY-
stabilized. linker-VH; preferably a) VH-single-chain-Fv-linker-VL, and wherein said single-
chain-Fv-linker is a polypeptide of with an amino acid sequence with a length of at
20 least 15 amino acids, in one embodiment with a length of at least 20 amino acids.
The term “N-terminus denotes the last amino acid of the N-terminus, The term “C-

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

The term “single-chain-Fv-linker” as used within single chain Fv fragment denotes
a peptide with amino acid sequences, which is preferably of synthetic origin. Said

25 single-chain-Fv-linker is a peptide with an amino acid sequence with a length of at
least 15 amino acids, in one embodiment with a length of at least 20 amino acids
and preferably with a length between 15 and 30 amino acids. In one embodiment
said single-chain-linker is (GxS)n with G = glycine, S = serine, (x = 3 and n=4, 5
or 6) or (x =4 and n= 3, 4, 5 or 6), preferably with x = 4, n= 3, 4 or 5, more

30 preferably with x = 4, n= 3 or 4. In one embodiment said ingle-chain-Fv-linker is
(G4S)3 or (G4S)s.

Furthermore said single chain Fv fragments are preferably disulfide stabilized.
Such further disulfide stabilization of single chain antibodies is achieved by the
introduction of a disulfide bond between the variable domains of the single chain



Such further disulfide stabilization of single chain antibodies is achieved
by the introduction of a disulfide bond between the vari abl e domains of the
si ngl e chaprearwitbdi es and i s described e.g. in W 94/ 0Pe38W201RA)22GO pal |

V., et al., Prot. Engin. 10 (1997) 1453-59; Kobayashi, H., et al., Nuclear
Medi ci ne & Biology 25 (1998) 387-393; ogi1Schmdt, M, et al., Oncogene 18
(1999) 171 1-1721. In one enbodi nent of the disulfide stabilized single
chain Fv fragnments, the disulfide bond between the variabl e donains of the
si ngl e chai narfibollicagimdnissdesorited sgd in rWIChe4/62183i50p Byjazopalr W .ngt tab, Phet.

i nvention is_inde I i I.-ngl e aj ] from
i) heavy cha??‘gl{}'af(fglg%% 25 é)(gsrr:jhlg%’ gggﬁa?%hﬁlﬁf t,?a (Ii;" W‘C% %ggﬁ%%r?%?@ %m&i n
posi tion 100(1998)387e383y oc Relimidyavli,&bhle Qunegene PPk 1166/2lo | i ght chain
vari abl e domain position 43, or iii) heavy chain variable domain position

101 to Ii ghtInCBEé: Rt ARGH Cofd R HRuRR §tlal§lﬁzéfp@inﬁlen cRig BIHRGhERR thée
di sul fide bond between the variabl e domai ns of the single. chai

.Ccha Fv
fragmedts codipylifidedond hatweer the,yerable dgmamset te; sinelechain £y n&‘@“%f ween
heavy chai n yhprdell nABERINfIbSDS atdodding 4o ahel ihvedkibn dhahdepeadéntyl for dacmi n

posi tion 100.. The antj body accqgrdi to the invention is produced by

r econbi nant %%}ﬁ@a“i*h:ldsi?a%‘?fé‘?é B%E‘?ﬂfwl't he current invention is a nucleic
aci d encodi ng the anti body according to the invention and a further aspect
is a cell conheas)ciswirdibieuddnedio pasitidn d4 tolghtghaim vanablsslgmagpesitiomhg t o
the inventiofyy Methods for recombinant production are widely known in the
state of the art and conprise protein expression in prokaryotic and

eukar yi6t i c cid) heavyichain yaralle demein rasitian 193 tedightehaghyarpdlgdaminusual | y
purificati ONpdsRtich pharmaceutical Iy acceptable purity. For the expression of
t he anti bodigs as aforenentjoped.in a_.ho . | ucl ei.c .acgi ds. encodi ng t he
respective i@?@&hai@mﬂ%#ﬁ%%w%ﬁa? iél g’relégqt ﬁE%‘Ptvéﬂgﬂ?lﬁ?Bmél%r essi on
vectors by spesitiar thoret hods. Expression is perfornmed in appropriate
prokaryotic or eukaryotic host cells like CHO cells, NSO cells, SP2/0

cel I's, .HEKzgl?ﬁ gfel Jerﬁbocfi\’gé tcﬁllelﬁs lﬁggb&ﬁ G&iesn thee@stable?donkaif bt tfeSihgde and
the antibody 1S r €Covered rom"f e cells (supernatant or cells after,
| ysi s)15 Geneehsin rfist Hiesgmentsr corapasadi Hatie gnbbribt peserdingater thsodvestion ds

vel | -known i Berlyagn stAkecHaln Vditable Sordidl d88hi4aechd i @it cBXANRI@blel dbridig
position 100.

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

20 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
in prokaryotic and eukaryotic cells with subsequent isolation of the antibody and
usually purification to a pharmaceutically acceptable purity. For the expression of

25 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
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

30 (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,
S., et al., Protein Expr. Purif. 8 (1996) 271-282; Kaufman, R.J., Mol. Biotechnol.
16 (2000) 151-160; Werner, R., G., Drug Res. 48 (1998) 870-880.



review articles of Makrides, S.C., Protein Expr. Purif. 17 (1999) 183-202;
Ceisse, S., et al., Protein Expr. Purif. 8 (1996) 271-282; Kaufman, R J.,
Mol . Bi otworRAw/1153586 (2000) 151-160; Werner, R, G, Dru@CRéP2014807000©98)
870-880. The bispecific antibodies are suitably separated fromthe culture
medi um by conventional inmunogl obulin pypification procedures such as, for
exanpl e, protein A Sepharose, hydroxylapatite chromatography, gel

el ectrophoresis, dialysis, or affinity chromatography. DNA and RNA encodi ng
t he nonocl onede arspe&iﬁdlmlbbsles eaeli dujtablyosephmatedafivns dhgienttod owdihgn by

oVt O B S it SN bR G0 S8 K P enfURBAl Such
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protein, n the si s _of reconbi nant™ nonocl qnal s hlbodl s in
the ho8t ceIﬂe%dllymﬁﬁ)lﬁ@dé’@ﬂdewﬁ%ﬁ%n&a‘?‘}"ﬁﬂft‘%“ae BFocﬁ%Hr%&g‘f hyprfpma gp speC| fic
aﬂt i bodybar ecagrs%p@r @pa QMuﬂcetdngdlUﬁID[gAaﬁﬂr RNW &Dlﬁ:em&@lb&dt tteDdAangEysbe nt o

t he anti body, DNA

nucl eot | t hesi [ be
per f or med, HB\“IS’é?FQrmtO ‘ﬁ%/ SPien Ve\?k’rril W?ﬁ‘ et ?%Hﬁ S(ithga)?mé hg%eése@rg |§ glggsab
For exarrpl e, HEKe 2% ctiefls c@HO)n:ellsioommyebdmaarcetlhehaibdmelomlnqrww@dpmdvp%ody

characteri St' Bt gg(?)u?‘ﬁe})%?elhg@o' gﬂ%ﬁﬁpﬁl gx%tﬁ&tlé 2 Nreebidinage n%ﬁoc[@l\él

i nprove the recohbr nan roduction, protein stability or
facililDate tztmlbpdxesinthaﬂlpsirpellﬁrhe term"host cell" as used in the current
application denotes any kind of cellular system which can be engineered to

generate theagpti hQdisegueacs Qﬁr‘i’dﬂi‘g(dr(?nﬁtbﬁs):w the Mispetivie rintibody hre pi&ﬁared
enbodi nent HEK293 cells and CHO ce

are used. as host
herein, the BxpriEdicyigs aprrgpate a iffolt‘d f‘gesaHg "tggﬁm @ﬁ‘llhf E?I\eIA aorre ﬂsed
i nt er changeamdeoa;rdd sgrhihe§1§CBuc}emcglﬁ[ﬁ?¢amon$ chmd)bmi:efopne«yehmvevfhusnlytlnea wor ds
"transformant s"” "t ransf or i el |
and cul tur esv‘?%rhin\l) o4 PR S5 Sn 8”%93 %S{ijt%b?‘;e&g?gg?arﬁ&g & rﬁ&;{%‘?éﬂg b??;nr?g fers.
It islalso uaithmrthe @bdve mentigh¢d pntdgﬁidychﬁa%ﬂtmtlcﬂ)éu%\“ éi:uﬂseelgﬁ iigayRG aad in

DNA content, ﬂ}d@ﬁé@ IRELA BQn@EO\}entﬂg V&id 8NthePebcrhbiRaR pro@ictidn] prtageny

t hat have the tion I ol ogi Cal activity as screened for in the
originally t$ta1wl;lf)b?frfé@htaéff the pugficafidnyded. Expression in NSO cells is
described by, e.g., Barnes, L.M, et al., Cytotechnology 32 (2000) 109-123;
Barnes, L.M Theter@l “hostEdelll’ @€ RsedBin@Bgurréd apphcition2ehe 2y Any Kinelnsfi cetitilar

g)épr ession | gysgeef\r? E:th%c canq}é engn%et‘ed[t)u ger(fergtre’theY antib%tdieglacwrm%l to th€iftPent RS-
20 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
“transformants” and “transformed cells” include the primary subject cell and
cultures derived therefrom without regard for the number of transfers. It is also
25 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.

Expression in NSO cells is described by, e.g., Barnes, L.M., et al,, Cytotechnology
32 (2000) 109-123; Barnes, L.M., et al., Biotech. Bioeng. 73 (2001) 261-270.
30 Transient expression is described by, e.g., Durocher, Y., et al., Nucl. Acids. Res. 30
(2002) E9. Cloning of variable domains is described by Orlandi, R., et al., Proc.
Natl. Acad. Sci. USA 86 (1989) 3833-3837; Carter, P., et al., Proc. Natl. Acad. Sci.
USA 89 (1992) 4285-4289; and Norderhaug, L., et al., J. Immunol. Methods 204
(1997) 77-87. A preferred transient expression system (HEK 293) is described by



(2002) E9. doning of variable domains is described by Olandi, R, et al.,
Proc. Natl. Acad. Sci. USA 86 (1989) 3833-3837; Carter, P., et al., Proc.
Nat | . AcaWO 280W115393A 89 (1992) 4285-4289; and Nor der hau@CTIEP20101002006 , J .

| munol . Met hods 204 (1997) 77-87. A preferred transient expression system
(HEK 293) is described bySchl aeger, E.-43,- and Christensen, K, in

Cyt ot echnol ogy 30 (1999) 71-83 and by Schlaeger, E.-J., in J . Inmunol.

Met hods 194 (1996) 191-199. The control sequences that are suitable for

pr okar yot es, S¢hbddege P, eandi @Mmdse@, K, antyestectmptagyn30 (199ah 7088 aitdoby

sequence, i b |nd| %ﬁ 1€ s are known to
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"operably |inked" when it is pI aced in a functl onal relationship with

anot her nucl Bhe cantral ssquensae dhatRse svitabtpifer potaryases, fopexamplgy distudeo?
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expressed as that participates i the se retion of the
pol ypepti de; Ceélsﬁf%lﬁ‘tﬁv@?tod%tll@ﬁfﬁm%t{arsr %“IB‘B%‘F%B‘P“EP? Vﬁ@d’ tign 51808 ng sequence
if it affects the transcription of the sequence; or a ribosonme binding site
i s operably Aimicesc hadas C‘@ﬂérﬁ'@lyslﬁﬂde&’h&&xehflt ist pliaeedp'ms:i furerienal selasionship

facilitate trﬁle a éonugfic (%ﬁt F%la‘Snce IﬁlqA %qay rélg chae oPNA

sequences bel” “he ca secretory
| eader, contsegmbm:y leatér iimopezatdy higkéd erNA-ﬁ)A@\Mypqyﬁﬁaw‘cléﬂSsemeSﬁ@i ahdwve to

be conti guouél T &51 ?l%t L}%ﬁ@&ﬁﬁﬁ? ki %ﬁ'@geé}&léd gﬁtth@ rf)oﬁlpegﬁ’d‘lé’ eNipfdthoter or

restriction do not exi st, syn
ol i gorl@cl| eot ?Id@ﬂ% apopsrablydinkpd faed @%‘P&S%@&ellﬁlté‘gféﬁtﬁ ﬂl%té@‘sﬁﬁl?tllpn of the

g ?”ﬁfﬂél onal g ldlalhlaﬂet 6€a riBbsdnid B@Hin@t@lt@ﬁs Speratd9 tinked fosa &Ql’uflg)ﬁéﬁgdndmfandler to
i e cellular co or .other ¢ tam er_ce ar
nucl ei ¢ aci dgo%?o%poﬁogysn@ g16 itale éWBQPt&OI{ es?Pf#fﬁ@PfﬂH}kﬁ@ g}eI?gT / SDS
t Ireat man':1 Cafel DNanshq&gnceGCHemg"llmlkHdoamtamgtlgmm aadjanabe cgsd of a secretory

el ectrophore t her N t t al.
o Current - pir, SBRUSIONE ol dF e MEHASh HOV B, ennfir U5 diEhavc q pEC

| nt er SI&i encec;ommwol\mrlknlélm9857)wcouﬁlfsb¢fbh¥ xgetlmagcmve:nmt restricfigp| sitghdd and

w despread u I rdvhineat bRBonuditehd@adAhds ok livk & B gh aph
Wi th mcrobi i%ﬂpsﬁtg% g‘?ngi %hgg?fépslryg{t el nbAg%nr pr ot ei n@;g affinity IRAPTY

chr omat ogr apfSePr quswet%cmawa@oeﬁrmﬁtcsgr aphy (e.g. cation exchange
(carboxymethyl resins), anion exchange (am no et hyI' resi ns) and m xed- nbde
exchange), tpugfkdtion®fadtesdits © Iibe(fen@ed it driertte tefintimate agilwiat dvammineatsor ot her

o 11 ). TSR o 6L 30 AL T3P R, B G 0
20 techniques, including alkallne/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
25 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
30 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).



resins, or mam nophenyl boronic acid), netal chelate affinity

chromat ography (e.g. with Ni(Il)- and Cu(ll)-affinity material), size

excl usi orworRpWESH3r aphy, and el ectrophoreti cal met hodsPCIEPR01AH290E

el ectrophoresis, capillary electrophoresis) (Vijayal akshm, M, A, Appl.
Bi ochem Biotech. 75 (1998) 93-102). As.uyged herein, the expressions "cell,"
"cell line," and "cell culture" are used interchangeably and all such

desi gnati ons include progeny. Thus, the words "transformants" and

"t ransf or mredAgalsk® hetdis, thdeexphessipns aely,” S'ebil dite,"catd "eell colilireliraes . uded i ved

therefromwithout re dfor t he t al }Wiﬁ rstood
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met hod as dewterddistinyy d&igimions brelintendett) itwaihl tbealedEfronithe conigixt.ol ogy 52
(1973) 456-467. However, other nethods for introducing DNA into cells such

as by nucl ea‘i‘h %1%? t"tr%ﬂftﬁﬁn@\% orP! 8¢ ngje@sﬁerélﬁ'sﬂe?é?s rfg ﬁ)l%l:ésg Qﬁtﬂéﬁ%r dff a

prokaryotic cells or ch contai n substant] a
const rlfict i onvectere/nuelei¢, acid into nkostreethdld cels Mithauk @E‘F‘FQ?H]"% %e”c}i’laﬂlt@ﬁ‘ilers

grge?ag‘;g'; gshlﬂ%gus%?aﬁihﬂﬂﬁ %E!'l@&fjdﬁ@fe@ﬁord%@irhb@dmb)é gQUyeﬂhc caldium I?iosphate PNAS.

use si o e r OCess
by which a na@r:@rtetl%mtmé asdg ﬁg@ﬁﬁ aGﬁaﬁ?Ig ﬁ%\a&“g Yangler EB: %‘ﬁ'e? }Zﬂ’%@é%s by
whi ch the trangprishadeaBrAHOMeser, b&feemmd:sdoammodaasg D¥A)inicscdlsbmeljuent | y
being translated into etldes tiel ripts
and the enco?jseg Ft?ﬁr C&Ié’g e‘p ‘#5@8% i ve?n I%e’]" g%?e ]?S(Q)ed I Oiﬁél%’g?gduct
| f the5pol ynu:cllsecm ¢adlls wlschie:pntaedsubsmlglem}wwell DRAstruckion® 959 weed; §.2a one
eukaryoti ¢ cglob, Fenf tfaﬂgl}eb't?(ﬁn KR c?ﬁrﬂgregfméntf'ﬁsﬂg%cuﬁl cMBFHO ks déstriBedg! €i C

u re

acid nolecule, 1n partic l1catin whi ch transfers an inserted
nucl ei ¢ aci dCabeBSN et Ht’gl‘hﬁﬁi/@r(lg Wddf-2Ad%t cells. The termincl udes
vectors that function primarily for insertion of DNA or RNA into a cell
(e.g., chromgogRl leiiggrédprésjon" mefdrd ¢@ith® pravessy by twhish thaticleienadid an

prlrrarllyforther lLic d hat

function for rf“ilsgﬁgfé‘ﬂonﬁ‘? F@ﬁ\"gﬁifﬁfé’f PN@S%?WPNA%%W%P}’%H%%%%& E@RA? 1sh

i ncl ud®d ar erefecédrie tasatrapsavipiteismsulsequently being translated into peptldes
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
25 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

30 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
“gxpression system" usually refers to a suitable host cell comprised of an

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



than one of the functions as described. An "expression vector" is a

pol ynucl eoti de whi ch, when introduced into an appropriate host cell, can be
transcri &0 2amdi1s3sans| ated i nto a pol ypeptide. An "expr @3iEPR019H8200611
usually refers to a suitable host cell conprised of an expression vector
that can function to yield a desired exgsessi on product. Pharmaceuti cal
conposition One aspect of the invention is a pharmaceutical conposition
conprising an anti body according to the invention. Another aspect of the

i nvention i SPhAnaeatioil o%ihlﬁmitidmdy accor ding to the invention for the

manuf act ure 886 rﬁgg?ﬁéﬁl d&? qut '\(;’e% joff 9 Q(%eufa‘cgluéérﬁﬁésltﬁp %S{anfSI

invention is he ranu acture ceutl ca 05|tion
conpri si ng aantéody laodydmgdortm myenigor. h%rlqthﬁréﬁpﬁ‘a(tb@f therinygofioreis thepseof t he

present invept Log, By a/oé’dcgﬁﬁn%t&ﬂ@ﬁﬁbﬁﬁcﬁﬁforethg mehRRAEBTEH h&%{aceutlcal

conposition, contalning an antibody according to the present %gvent
formul & ed teyepdsitionndt fartherarpesteat dig INYENtIQNAS ajrasthodfr tRaBIAFIRERTC 82t he

invention is Eéﬁﬁa&&@ﬁ%&ﬁ sR{dn doathyi sﬁfgczﬁf ahitibgdy acddi€ing Y et ineentioa. T he

t r eat ment of cancer. ther asgeﬁg& th‘i i nvent i on i s Salﬂt%‘l%r RS, uti cal
conposi tion ¥t qu‘éP‘ECFé RETENIRVELRAR RFOVIXRA HEPPURLEe £-80f PIHE I RVerti on is
the use of agompdsithgYomamiigdimantibody hecordiugns iherprésent inlventiem fdravdated of a

medi canent f he treatnen Anot her aspect of the invention is
met hod of tr{e)’ﬁ% totapth éceﬁﬂca??@%% ng from cancer by adm nistering an

anti body according to the invention to a patient_in the need of sucg
treat mént . AOneswebadémentnof 'thhanveatientis the tisperifier antihody 2reerding, ta e o) |

sol vents, di gRehddPfr MRAtAmERIfichster. antibacterial and anti fungal agents,
i sotoni c and absorption del aying agents, and the Iike that are

hysi ol ogi cal |y _conpati bl Pr.ef er.abl e.carrier. 1s s
Pn%lravengus Ai“%thf%%g?ﬁlﬁl thesd%%‘?ﬂ'f‘ﬁﬂe%u?’d p‘?ﬂagﬁ’t“léerugf: §%Ii%3%5f1 o f]:(a)glt &r mal

adm ni st rat i geatirengof dayicérnj ecti on or infusion). A conposition of the
present invention can be adm nistered by a variety of nmethods known in the

art. As wll é?lgth%p Qgpl%?t' (ﬂ{tﬁg r%%nttt(thels%ﬁé {Jéeg% aﬂraﬁlhﬁ@(ﬂ( aéclaf‘dlﬁé”ebt ﬁe%‘i@’nﬂBn mode

of adm nistr desired results.
admi nilét er anmhq)m@mfa@flretM mﬁdﬂeﬁwr&r{%ﬁ;ﬁeé@?mnﬁOF%tce% of adni n| st ration,
it my be necessary to coat the conpound with, or co-adm nister the

conmpound W t Rpofher 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
20 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
25 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
30 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



material to prevent its inactivation. For exanple, the conpound nmay be
adm nistered to a subject in an appropriate carrier, for exanple,

| i posonmeswoan1taisisBuent . Phar maceuti cal ly accept abl e di IPa@mPgo10/006i006e

sal i ne and aqueous buffer solutions. Pharnmaceutical carriers include
steril e aqueous solutions or dispersiongeand sterile powders for the

ext enpor aneous preparation of sterile injectabl esolutions or dispersion.
The use of such nedia and agents for pharnaceutically active substances is
known in t hesoﬂh!ittonsTdiedxp;bﬁrasesTh@as@nf anel media mdshgents for' phamateudically st er ed
parenteral |l y" S d her des of adm nistration other than
enteral and % lblf’élé Sae?&ﬁ? ‘ﬁﬁ%‘?’?‘}gﬁﬁﬁ ggsual ly by injection, and includes,
without Iimtation, intravenous, i nt r amuscul ar, intra-arterial

i ntrat hecal , Thevphrasesptparenteral administrationl” and riadministared cpargnieralye pagised

intraperit On%,%m rﬁéag@ %Jd%§ BE MminditR6Yh @ﬂ%@ﬂﬁn ehitéb4l uhd ¢aPiedl administration,
intra-articu Su CapSU ar , ﬁ@ﬁ@raCh Intrasg#nal epl ura

i ntras®er nal uﬁ“ﬁ]llé(‘?b’l igrecHer ands B> “f @mﬁaEaﬂ’c rayerioySelf rﬁ@ﬂlé?lﬁarr efers
to proliferairdQrdiigle agfthessls hnﬁ;&cégsunhoﬁmsaoﬂblyzrrphmryctarmaé e uhteardearsal, | ung

cancer, non snall . cel onc i ol cel: ng
cancer, bone"FARTHPNC angfaggé"i"\l?'eﬁanc%} @ReoY Stan%dggﬂt%g%%b ﬁ?)_rf Qﬁl]%aul%#éad or
neck, cut aneaibsamsularnsubayacinaid, mietraspnal, qpt@ralnenctan‘m@rtf;m@ivanﬁfawncaﬂ‘éer,
rect aI cancef .. cancer of the anal region, stonmach cancer, gastric cancer,

col on cancer, 'ﬁbr east cancer, uterine cancer, carcinoma of the fallopian
t ubes, carcinonma of the endorretrl u carci noma of the ceryviXx Sﬁm nona of

the va§i na, The trmeeacasms uped Raueipgeferdagroliemativy disgases, sagh as lyBPhqTAes:
esophagus, CRAgfHocRic tibekemnims,| lury Q:%ﬁd:d%,noﬁa@ﬁﬁn eélltlﬂxﬁge(NSCLb neansyist em

cancer of the t | an cancer of. t he parat hyr oid a of the
adrenal gl anWongéPg’SﬂﬂgI gbfl'tm% FAEER boog (?B?ert)?m{ R rg'tn%l Sk@a%%é%r of the
peni s, prostadmeecancler heataoc aeclyfcutdneoind eﬂdﬂrapcvdamualar@fnat hleermedmelbr
ureter, renal cell carcin i ona,
hepat ocel I ul 8\{&@& reagcer, e ?ﬁa(;an%é}f G Qhe %Hél Ire E)e a\éhsoangtﬁs %’éﬂﬁb

rary cancer neop asns central ervous
syst enhS( CNS) garspi, rmuloraxamcer,uhmast capeex, mtmr@m:@cpbr@mmmw Tatde ofgtlopian

mul tiforme, ARkl QCYLRORS of stﬁé‘\@%?ﬁaﬁumeg%ﬂ%m&n@tsthe%ﬁﬂﬂ @d?blﬂ@frﬁffﬁsthe

meni ngi omas, squanous cell carci noma b;l tary adengﬁg EWI n
sarcoms, i ncVeginhgarcEImReihy VVB’PSHB inp Disepsc ranareoLifgrao gnce{)r a

conbi nati on gf (RNEnIIr infBRfike, tanddi @ ANOMRICHNE Eystem Anaatdrasf the mmdogland;e
Invention is czgnrg:%r ct))tl t?lg%%}afthy%of%ngtl%)cf %chaeg 6P {h%iaa%ntaf)glwcﬁ sarcoma of soft tissue,
20 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,
mesothelioma, hepatocellular cancer, biliary cancer, neoplasms of the central
nervous system (CNS), spinal axis tumors, brain stem glioma, glioblastoma
multiforme, astrocytomas, schwanomas, ependymonas, medulloblastomas,
25 meningiomas, squamous cell carcinomas, pituitary adenoma and Ewings sarcoma,
including refractory versions of any of the above cancers, or a combination of one

or more of the above cancers.

Another aspect of the invention is the bispecific antibody according to the
invention or said pharmaceutical composition as anti-angiogenic agent. Such anti-
30 angiogenic agent can be used for the treatment of cancer, especially solid tumors,

and other vascular diseases.

One embodiment of the invention is the bispecific, antibody according to the

invention for the treatment of vascular diseases.



invention or said pharmaceutical conposition as anti-angi ogenic agent. Such
anti angi ogeni ¢ agent can be used for the treatnent of cancer, especially
solid tum¥02010an&858t her vascul ar di seases. One enbodi neRCTEP201080300¢ent | on
is the bispecifc, antibody according to the invention for the treatnent of
vascul ar di seases. Anot her aspect of the4invention is the use of an anti body
according to the invention for the manufacture of a nedi canent for the
treatment of vascul ar di seases. Anot her aspect of the invention is nethod
of treat nent Afdthpredspedtiof shuf nheentrtgn if tiorusead ao lantibatlysasgemdéngotp thelifvienterer i ng

an anti bOdy.I.%éﬁ?;rglﬁq tt8re %ﬂ’ (SR Bor e ﬂfﬂglte'n?&t vasBulhN@is@8&d of such

t r eat ment fased I'Seases” 1ncC Cancer I nfl ammat ory
di seases, At herosclerosis, I schem a, Traumm, Sepsis,

Di abet es, AMSnotRet aspepiaefhihe isyersion, 1s Aaethess pf §§am)ﬁ%9§ PF‘% Sﬁﬁ%ﬂ?% from

Henor r hage Vﬁ%&l‘éﬂ ﬁfse!is%@l‘byea&lnm@f& Bf antiBoBedecofdihg rtgythe Ghvention toi sease
Hashi not o' s Aut ol rmune yro F | tis, 1diopathic Thronbocytopeni c Purpura,

G ant Gel| Apatiepfinjthen Birgatiiephr i tis, Systenic Lupus Erythemat osus
(SLE), Lupus Nephritis, Crohn's Di sease, MUl t i ple Sclerosis, Ucerative
Colitis, espthé akdnn t ovasoblatl disenyes’; iimnlmchascwmceneduﬁsmmamrysW@hams such

as proliferagive r tlnop e d}gﬁ:ul i ND) ,
rheumat oid a }Wf‘ﬁc COan pésnglr%i glgrf@g%F ?Eﬁ& ¢ Ag{hnfdegﬁ&%églgl (;NMbéhem
267 (1992) memopam%ttpk«m@mm Acute ling mmthIerrRéxhagpr%P@Pr leglse@i 991)
217-239; andcCRiAR' ’1n&10edva§ﬁh'11g§fr @i‘r@&%@seﬁlseﬁé qu&ﬂbh&ngYA@tBuﬁﬁMhar

di sease, Ad am c _appro . Gar ner, , and gllntwofh q{?ﬁpd@l{t c{s , 2nd
editi df, Mar b}’m[gé'kkerIdIQQéch{oFFIPI?@WA'}Opr@S upgs fHalle ©8 iths may
al so cont 3' gRﬁ@'drHM@ﬂlt ArtheiEis, B§rst9ﬂhﬁ5®h}ba§ iBtethematists (SLEpehomus Beplriis, yi ng
agents an er, a vent| n_of. r OQr

bg ensured bbf (ﬁ""bi/b?%@sre?ﬂ@ﬁi’]leogﬁ eﬁ?%ﬁ’e%?rgévgsbﬁggg %g@%alg) b %?ldgcﬁlg)l usi on of
various anti haebeulaeheosndubansyidrogas swuyeistpsollfkmklvex%tmpethwp@r agerelated

chl or obut anol ., .BHAERY e’nelsa{)lli)g (ﬁl\;ﬁ% qhetﬁﬂzﬂofdhﬁiﬂdtg and ?scﬁ?&ﬁéls F%ﬁmbﬁl deskrable

to include i sgfconl c ’as sug(?rs | um chl ori de, %nht he, |i ke

into tife conplogh Bﬂ(dn@hemrﬂﬁiddwz)ow%br BrigKpgsbawdr ptal o AnBE- lf‘?f’e %516kt abl e
phar maceut i cah i@lq‘fm)%beaﬁ’d olaalel, Abordscilr Eiﬁﬁeasb@QhUBatﬁﬂblﬁfogggﬁTlicala\t\hI ch

del ay absorption such as um nu nost e at rdI egs of
the route ofd bﬁl?ﬁemAStdtyH?’i“l?na%@P%‘g‘]b amet, cfﬁﬁoﬁ'ﬁﬂ%"‘g{ﬁh >t Hre Ko id
edition, Marcel Dekker, New York (1994) 1625-1710).

These compositions may also contain adjuvants such as preservatives, wetting
20 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,
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.
25 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.

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

30 pharmaceutical compositions of the present invention, are formulated into
pharmaceutically acceptable dosage forms by conventional methods known to
those of skill in the art.



i nvention, which may be used in a suitable hydrated form and/or the

phar maceuti cal conpositions of the present invention, are fornulated into
phar macewWwpcalyysEwadcept abl e dosage forns by conventi onalPCREPROUEHINOWN t O
those of skill in the art.Actual dosage |levels of the active ingredients in
t he pharnmaceutical conpositions of the-gg8esent invention may be varied so
as to obtain an anobunt of the active ingredient which is effective to
achieve the desired therapeutic response for a particular patient,

conposi ti on, Aetndl dedge tfveldfi the sittiwt ingredianits motne nh@nng:e!lbﬁalcﬁwwom@ns

pat rent . The gl ected 4asags, {54Ebe Waliba S8R0 JUPAR 0 ARBUALIE B active

phar macoki ne Y01 S he acti vi particul ar
conposi ti onsmgfedtdme vpiriely eﬁteffentremm @phigyp Flzg/ééﬁlresih@eﬁ@ﬁ’t“éc ggsponse for a

adm ni strati ﬁ’al?ilcﬁlgﬁp iefiE chn @Qﬁbﬂ' a?ntdrrﬁbdé)éf acﬁﬁlﬁlsﬁﬁﬁ&l Ghitiut beingasxiofo t he
partlcul ar conpoun el Ag [oyed, the durat on of the treatnent Q her

drugs, SconpotifidPatie/ ofh ‘?ra%eé‘?‘it sddsaggy levelc o rilePeRty WPAh § n¥aYt PLul ar
conposi ti Onsﬁ)lﬁmb@}l@ﬁ’etlctfbetoﬂsglﬁcluﬁmg thmctghty,ofahﬂfiamllcolrar compesiabnshefahe h and

d t f th t t . .b | [
Rhown |t epseRit eniehtch empinBa bR e Bl B hEA6GE wf B dBuliiraian. 11 |
extent that mb&ateocrfp@s:rettmnmf i the ghattioukar alompobiyd being regeployed, erdfleiatien ©b
water, the C&x[ N kS m &t eéﬁéﬁﬁ{%s' §odﬁﬁ}%dn?9taﬁ@bprxﬁ%grfaﬁr @&dslﬁldoﬂﬁm@é?ioﬂt\lvﬁlﬁ'

Proper fluid can exa use of cgating clth as
| eci t HiOn, bythnapattlelﬂarné@mlwsm@éﬁupméh)ysﬁr Ehecill@a SSP’Ze“iefg}‘tt heonditien, ogenera

di sper si on aﬂ&ltlﬂyanﬁ%d?fmédiézfl%it&@t&thb Pafi@befipSeéated, tantl diker faétersabtie t o
i ncl ude isotonic agents, exanpl e, sugars, polyal cohols such as mannitol

or sorbitol, k%ﬂ‘?ﬂ”é‘o‘&?ﬂ?ﬁ t‘ﬁ‘f%‘ﬁ de in the conposition. It has now been found
t hat the bi speC|f| c anti bodi es agai nst human ErbB-2 and human c- Met
accor di ng t oThé'@omposidoi mumtent stemermmleﬂmdltuabbeaxmmnbatttbelogmp@sﬁ@udh as

bi ol ogi cal fl?lghar 'imégle%hg Ia;gé: dj tdet%) wgﬁ? the! a%r;tﬁdﬁmgseﬁm iShGHENce

listing and € under st the present
i nventliSon, theff¢rcd|ea1m@pb1tl©ﬁ whi ch |s set forth in the appended clains. It
i's understood that nodifications can be nade in the procedures set forth

wi t hout depapijpRg i dﬁlg]éah%esfﬁmhtaﬁneqf férRamPleg BY iued of E@aﬁfgl fich @8 léh‘ithtrbe

Am no acid Sequences | D NOdl eavy .chain vari a? domai n_ <Er bB- 2 3

trast uzunap by maintenance of required particle’size mn the case of dispersion and by use o
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

20 composition.

It has now been found that the bispecific antibodies against human ErbB-2 and
human c-Met according to the current invention have valuable characteristics such

as biological or pharmacological activity.

The following examples, sequence listing and figures are provided to aid the
25 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 Amino acid Sequences

SEQ ID NO:1 heavy chain variable domain <ErbB-2> trastuzumab

30 SEQ ID NO:2 light chain variable domain < ErbB-2> trastuzumab
SEQ ID NO:3 heavy chain variable domain <c-Met> Mab 5D5
SEQ ID NO:4 light chain variable domain <c-Met> Mab 5D5
SEQ ID NO:5 heavy chain <c-Met> Mab 5D5



SEQ ID NO 2 light chain variable domain < ErbB-2> trastuzumab SEQ I D NO 3
heavy chain variabl e domain <c-Met> Mab 505 SEQ ID NO 4 |ight chain
vari abl e Worralmi1ss3Met > Mab 5D5 SEQ | D NO 5 heavy chai nPEEANR2e18/0020b6 5D5SEQ
ID NO6 light chain <c-Met> Mab 5D5 SEQ I D NO 7 heavy chain <c-Met> Fab 5D5
SEQ ID NO 8 light chain <c-Mt> Fab 5D548EQ I D NO' 9 heavy chain constant
region of human 1gd SEQ ID NO 10 heavy chain constant region of human |1gG3
SEQ I D NO 11 hunen light chain kappa constant region SEQ ID NO 12 human
|hl ght Ehggnzsﬁqﬂanmﬁstlagm chagi<erM8EQMab NZ» 13 hunan e- Met SEQ I D NO 14
uman Er bB- i A A R-GRIR3 <Er bB-2> trastuzumab SEQ I D
NGO 16 heavy % §|quli @%H%eélg?%éﬁﬂggwgt& uzu%g SEQ I D NO 17 heavy chaiQn
EDRIF <ErBBSEQ D NO: 8z ulgtty cbE@<ScEMRE Hab PP3ht chai n CDR3L, <Er bB- 2>
rastuzumab G X 19, i, ifRBhfafePEE rastuzumab SEQ I D
NG 20 Iight @fgiﬂrllﬂggg? El}éa<g&%z§_ rzégh??astulzaﬂ(ﬁ:g&ggb ! NG 21 heavy cgai n
CDR3H, 5<c- MeSEQUHBNE:E0 s}mvyghmcggstwggegmegg Wnébkséﬁ, <c- Met > Mab 5D5 SEQ
| D NO 23 heaSE(ﬁ&?N@:@Rﬁdﬂmﬂgﬂ(&hﬁnﬂhbpﬁaﬁlsﬁEngBm 24 light chain
R

CDR3L, <c- Mef> ) | B.NO 25 | 1 ght chal L, <c-Met> Mab 5D5 SE
éﬁ ﬁ&%&aﬂq& e lﬂ}ﬂgd%f%w&g{:e iBtion of the Figures °

ID NO 26 Ii
Figure 1 SchsE@IENO:AB8chuman oMe full | ength anti body w thout CH4 domain

speci ficall yggggﬂj RD:1% ﬁ‘u:ﬁ%.r{ﬁlibB”th igen 1 with two pairs of heavy and |ight
onpri e

chain which se varia and constant domains in _a typical order.
Fi gur d02a- c SEREHRNQ:15t heavy ghaindiDR3Hi vRIbEE> tBstypEesly j ¢ <Er bB- 2/ c- Met >

anti body, Cogﬂd D N©:18) héak*? chhigtDRYBI BEABI2> trastuzumab

SEQ ID NO:17 heavy chain CDR1H, <ErbB-2> trastuzumab
SEQ ID NO:18 light chain CDR3L, <ErbB-2> trastuzumab
SEQ ID NO:19 light chain CDR2L, <ErbB-2> trastuzumab

15 SEQ ID NO:20 light chain CDR1L, <ErbB-2> trastuzumab
SEQ ID NO:21 heavy chain CDR3H, <c-Met> Mab 5D5
SEQ ID NO:22 heavy chain CDR2H, <c-Met> Mab 5D35
SEQ ID NO:23 heavy chain CDR1H, <c-Met> Mab 5D35
SEQ ID NO: 24 light chain CDR3L, <c-Met>Mab 5D5

20 SEQ ID NO: 25 light chain CDR2L, <c-Met> Mab 5D5
SEQ ID NO: 26 light chain CDR1L, <c-Met> Mab 5D5

Description of the Figures

Figure 1 Schematic structure of a full length antibody without
25 CH4 domain specifically binding to a first antigen 1
with two pairs of heavy and light chain which
comprise variable and constant domains in a typical
order.
Figure 2a-¢ Schematic structure of a bivalent, bispecific <ErbB-2/
30 c-Met> antibody, comprising: a) the light chain and
heavy chain of a full length antibody specifically
binding to human ErbB-2; and b) the light chain and
heavy chain of a full length antibody specifically
binding to human c-Met, wherein the constant
35 domains CL and CH1, and/or the variable domains



heavy chain of a full length antibody specifically binding to human ErbB- 2;

and b) the light chain and heavy chain of a full |ength antibody

speci fi cawbyolwnsisag to human c- Met, wherein the const aRCToPa®0/08208L and

CH , and/or the variable domainsVL and VH are replaced by each other,

whi ch are nodified with knobs-into hol e50echnol ogy. Figure 3 Schematic

representation of a trivalent, bispecific <ErbB-2/c-Mt> antibody according

to the invention, conprising a full Iength antibody specifically binding to

\E/rng-z to wh:ccg a)h Fig Bﬁ: two pYLypéptH aegepiteariy adch atkerfwhieh afe he VH and
omains o oth together form i WAl I ecifical

bi nding to c-Met; b) Fig 3b: twghggﬁgggﬁgpgggs3h6gﬁﬁgg§gh3E§2L are fusgd

(the VH and Figudodai ns of bot h t3ehematie ripsesentatiom ohatipmtdisRecHl site

speci fically binding to c-Mt) Fe@gpRe)/SNI@SBhtiBodPRIcBREME & the thvehtién,

trival ent, bispecific antibody according t he i'nvention,..c lsing a
full 1&ngth antibody specifical I?PnEﬂrF?HP%%”? eE%tBBDth‘f‘{?' Wﬁ?‘@ﬁ%r‘amgg

]PO| ypeptides VH ang_ Vlc_i are fusedo(ErbB-Md wtiich VL donmai ns of bot h t oget her
ormng a antigen binding site s i fi cal | v .bi ndi.n CriVet ' "knobs
ggig Rfl oO%olx?ep lnginH;?néln% a%)e Hfséci"

and holes". Fig 3d:Schenatic rep I specific
anti body according to the invent (thnVHcowpyYL domgina of bbth togetherformingiody

flsed (the VH and VL domains. of t%5\”%%*‘PQ‘SE%%“?%#%@%%ﬁgiﬁ%%‘?f@gﬁd%‘%nﬁ{ ng
site dfecifically binding to c- NexFigdhetep polyperfidey ﬁ?aﬂ\@fﬁ%e%ére
conprise an interchain disul fi defRed A& VIPRINEERD dBARIds ABSth together

forming a antigen binding site specifically binding to

c-Met)

Fig 3c¢:Schematic representation of a trivalent,

15 bispecific antibody according to the invention,
comprising a full length antibody specifically binding
to ErbB-2 to which two polypeptides VH and VL are
fused (the VH and VL domains of both together
forming a antigen binding site specifically binding to

20 c-Met) with “knobs and holes”.

Fig 3d:Schematic representation of a trivalent,
bispecific antibody according to the invention,
comprising a full length antibody specifically binding
to ErbB-2 to which two polypeptides VH and VL are

25 fused (the VH and VL domains of both together
forming a antigen binding site specifically binding to
c-Met, wherein these VH and VL domains comprise
an interchain disulfide bridge between positions
VH44 and VL100) with “knobs and holes”.

30 Figure 4 4a: Schematic structure of the four possible single
chain Fab fragments
4b: Schematic structure of the two single chain Fv
fragments

Figure S Schematic structure of a trivalent, bispecific <ErbB-2/

35 c-Met> antibody comprising a full length antibody

and one single chain Fab fragment (Fig Sa) or one



VH44 and VLIOO wth "knobs and holes”. Figure 4 4a: Schematic structure of
the four possible single chain Fab fragnments 4b: Schematic structure of the
two si nglwochavns$8 fragnents Figure 5 Schenmatic struct BCe&/EPRO18/00200&al ent ,
bi specific <ErbB-2/ c-Met> antibody conprising a full |ength antibody and
one single chain Fab fragnent (Fig 5a)-gf-onesingle chain Fv fragment (Fig
5b) - bispecific trivalent exanple with knobs and holes Figure 6 Schematic
structure of a tetraval ent, bispecific <ErbB-2/c-Met> antibody conprising a
full length antibody and two si rghgle chan Rv Fedgnfent(fiie 4by- bisSperiba) or two
single chain Fv fragnments (Fig - <D nd | are derived
fromc-Met dinerisation inhibi t?t%};'algh{]%%ﬂ%%nﬁ:kgg%%?ogﬁw cytonetric

anal ysi s of FEigure 6urface express$<lh|¢m@fi0m@/@ﬁ:&etaﬁ’@]eéﬁal%ﬁpepﬁ%t he

epi dernoi d cancer cell line A431.pERINEMID AhliB¥ o sHERNS 4 ulPRALHSI S Of
cell surface expression of ErbB 1/2/3 and c-Met ip t I&e vari an (@angg cell
|ine OYCAR-8. Figure 8 Internal iamlbpéhal&k@%fysmﬁeeﬁen E:] aps ¢4

neasured at 0 , 30, 60 and 120 ndiiwboesndiechin Bv FraghenBEHigob)ouhsg-Méti gur e
9a Proliferation assay in OVCAR-8 cancer cells. Inhibitdon of. cer cell
proliferation of the bispecific @Péﬂﬁls CHAIE derig ‘E%‘Bf"fé"&ﬁ%&e“(s SAb)
according to the invention conpainhibitmg dnttbbdiesonospeci fi ¢ parent <HER2> and

<c-Met> antipodies. Figure 9b Prgil| [ OF i EGhessfol i ne
Ovcar-8 in t guﬁ?zgence of HGF- rcl)}%vif i{almoeﬁrqlco?ﬁ nsc(l)eﬁrhegreglgﬁg ©

10 of ErbB1/2/3 and c-Met in the epidermoid cancer cell
line A431.
Figure 7b Flow cytrometric analysis of cell surface expression

of ErbB1/2/3 and c-Met in the ovarian cancer cell line

OVCAR-S.

15 Figure 8 Internalization assay in OVCAR-8 cancer cells
measured at 0, 30, 60 and 120 minutes (=0, 0.5, 1,
and 2 hours).

Figure 9a Proliferation assay in OVCAR-8 cancer cells.

Inhibition of Cancer cell proliferation of the

20 bispecific <HER2/c-Met> antibody BsAB02 (BsAb)
according to the invention compared with the
monospecific parent <HER2> and <c-Met>
antibodies.

Figure 9b Proliferation assay in the cancer cell line Ovcar-8 in

25 the presence of HGF- Inhibition of Cancer cell
proliferation of the bispecific <HER2/c-Met>
antibody BsAB02 (BsAb) according to the invention
compared with the monospecific parent <HER2> and

<c¢-Met> antibodies.



proliferation of the bispecific <HER2/c-Met> anti body BsABO2 (BsAb)
according to the invention conpared with the nonospecific parent <HER2> and
<c- Met > amOi2bwdiless3Experi nental Procedure Exanpl es Mat ePCAIEP2@00BI00OdS
Reconbi nant DNA techni ques Standard net hods were used to nani pul ate DNA as
described in Sanbrook, J. et al., Ml ecgbar cloning: A |aboratory manual;
Col d Spring Harbor Laboratory Press, Cold Spring Harbor, New York, 1989.
The nol ecul ar bi ol ogi cal reagents were used according to the nmanufacturer's
i nstructi onsExpdfmanl Prededure sequence anal ysis and sequence data
managemnent qgﬂghﬁksinfornation regardi ng the nucl eoti de sequences of human
i mmunogl obulTnsS TTght and heavy chains is given in: Kabat, E. A, et al.,

(1991) Sequenagsrislt &PVRitRédys of | rmmunol ogical Interest, Fifth Ed., NIH
Publ i cati on No 91-3242. Am no acids of antibody chains are number ed

accordi ng t E el G M, et al., PNAS 63 (1969) 78-85;
Kabat , g‘t'ongﬁ’ma“{ifgg\l* nggces of Proteins of Imunol ogi cal

| nt er e§t F| $tahddEd methddd Wers! usce\tto oraniglge IH9A Bs deseribedan Samplagelet §- €6
Cormputer G OédpM&fg@pépé(]om}{gs,&qgt;drmrﬁaaﬁmr@ole%hagqqa\tscsrmmral&y@ra@d

I nfomax' s Vect’or e sulte version el Ql ence
creation, mappidngpring diapars Neah Yorkt 15Y- dhg mplegelar g‘i‘? pgica [f@g%gﬁm%i ng

DNA sequencegseatceordRieds Marasninictdabimtrattiard sequenci ng perforned at
Sequi Serve (Vaterstetten, Germany) and Ceneart AG (Regensburg, CGermany).

Gene synt hes red gene segnents wer e AG
( Regensbur g, &&? %W‘"Fﬁb?ﬁqWH&n’élﬂl%s' |gorﬂil%Fi ?9‘3 a&?r%ﬁ%[e products by
aut onatoed geGenayint hiefoimatidihe rg@rémgegﬂmnt swgleptide arseqddngek ecPfbyhumagul ar

restriction Mﬁgﬁ#@_ﬁ%ﬁb&%%ﬁa ﬁtgléél?w @&hQHEKabﬂt <E RG] ( @mﬁ)

pl asm ds. The pla romtransforned ﬂgi’ g{ Eﬂ
concent r at i ofeqienegsnefnBgtaigs of/ @B@@Plro&cébwereqthglm sdYlieheRligation
subcl oned ge9e3bARAINBRNLS Waas CONTahfibRE, RYaiklare numbered according to EU

numbering (Edelman, G.M., et al., PNAS 63 (1969) 78-85; Kabat, E.A., et al.,
15 (1991) Sequences of Proteins of Immunological Interest, Fifth Ed., NIH
Publication No 91-3242). The GCG’s (Genetics Computer Group, Madison,

Wisconsin) software package version 10.2 and Infomax’s Vector NTI Advance

suite version 8.0 was used for sequence creation, mapping, analysis, annotation and

illustration.

20 DNA sequencing
DNA sequences were determined by double strand sequencing performed at
SequiServe (Vaterstetten, Germany) and Geneart AG (Regensburg, Germany).

Gene synthesis
Desired gene segments were prepared by Geneart AG (Regensburg, Germany)
25 from synthetic oligonucleotides and PCR products by automated gene synthesis.
The gene segments which are flanked by singular restriction endonuclease cleavage
sites were cloned into pGA18 (ampR) plasmids. The plasmid DNA was purified
from transformed bacteria and concentration determined by UV spectroscopy. The
DNA sequence of the subcloned gene fragments was confirmed by DNA
30 sequencing. In a similar manner, DNA sequences coding modified “knobs-into-
hole” <ErbB-2> antibody heavy chain carrying S354C and T366W mutations in the
CH3 domain with/without a C-terminal <c-Met>5D5 scFab VH region linked by a
peptide connector as well as “knobs-into-hole” <ErbB-2>antibody heavy chain
carrying Y349C, T366S, L368A and Y407V mutations with/without a C-terminal
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a beta-lactamase gene which confers ampicillin resistance in E. coli,

- the immediate early enhancer and promoter from the human
cytomegalovirus (HCMYV),
- the human l-immunoglobulin polyadenylation (“poly A”) signal
20 sequence, and
- unique BamHI and Xbal restriction sites.

The immunoglobulin fusion genes comprising the heavy or light chain constructs
as well as “knobs-into-hole” constructs with C-terminal VH and VL domains were
prepared by gene synthesis and cloned into pGA18 (ampR) plasmids as described.

25 The pG18 (ampR) plasmids carrying the synthesized DNA segments and the Roche
expression vector were digested with BamHI and Xbal restriction enzymes (Roche
Molecular Biochemicals) and subjected to agarose gel electrophoresis. Purified
heavy and light chain coding DNA segments were then ligated to the isolated
Roche expression vector BamHI/Xbal fragment resulting in the final expression

30 vectors. The final expression vectors were transformed into E. coli cells, expression
plasmid DNA was isolated (Miniprep) and subjected to restriction enzyme analysis
and DNA sequencing. Correct clones were grown in 150 ml LB-Amp medium,
again plasmid DNA was isolated (Maxiprep) and sequence integrity confirmed by
DNA sequencing.
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8uf1f ﬁ{ 1p|\H/| _%_Pﬁnﬁ%ﬁ'ﬁ'oﬁ va‘bﬁfly_é&ﬁé Bnd CBARONAMEbIdi@&ct i ons were neutralized with
concent r at edr {mgglﬁnt blSpeCIﬁChéellrl]d éorlll(taro?l tl%gdllgg Osv(earlen p]:ur’x?iea fOm G&h© ARt ed:
20 supernatants by affinity chromatography using Protein A-SepharoseTM (GE
Healthcare, Sweden) and Superdex200 size exclusion chromatography. Briefly,
sterile filtered cell culture supematants were applied on a HiTrap ProteinA HP (5
ml) column equilibrated with PBS buffer (10 mM Na,HPO,, 1 mM KH,PO,, 137
mM NaCl and 2.7 mM KCl, pH 7.4). Unbound proteins were washed out with
25 equilibration buffer. Antibody and antibody variants 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 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
30 Healthcare, Sweden) equilibrated with 20mM Histidin, 140 mM NaCl, pH 6.0.
Fractions containing purified bispecific and control antibodies with less than 5 %
high molecular weight aggregates were pooled and stored as 1.0 mg/ml aliquots at -
80°C. Fab fragments were generated by a Papain digest of the purified 5D5
monoclonal antibody and subsequent removal of contaminating Fc domains by
35 Protein A chromatography. Unbound Fab fragments were further purified on a
Superdex200 HiLoad 120 ml 16/60 gel filtration column (GE Healthcare, Sweden)
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by NanoElectrospray Q-TOF mass spectrometry after removal of N-glycans by
20 enzymatic treatment with Peptide-N-Glycosidase F (Roche Molecular

Biochemicals).

c-Met phosphorylation assay
5x10e5 A549 cells were seeded per well of a 6-well plate the day prior HGF
stimulation in RPMI with 0.5 % FCS (fetal calf serum). The next day, growth
25 medium was replaced for one hour with RPMI containing 0.2 % BSA (bovine
serum albumine). 5 pg/mL of the bispecific antibody was then added to the
medium and cells were incubated for 10 minutes upon which HGF was added for
further 10 minutes in a final concentration of 50 ng/mL. Cells were washed once
with ice cold PBS containing 1 mM sodium vanadate upon which they were placed
30 on ice and lysed in the cell culture plate with 100 pL lysis buffer (50 mM Tris-Cl
pH7.5, 150 mM NaCl, 1 % NP40, 0.5 % DOC, aprotinine, 0.5 mM PMSF, 1 mM
sodium-vanadate). Cell lysates were transferred to eppendorf tubes and lysis was
allowed to proceed for 30 minutes on ice. Protein concentration was determined
using the BCA method (Pierce). 30-50 pg of the lysate was separated on a 4-12 %

35 Bis-Tris NuPage gel (Invitrogen) and proteins on the gel were transferred to a
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| mrunobl ot s %{Péfﬁné%ﬂéﬁé‘%ia\mtf%eHH Oéﬁmeﬂmyl%ii?ﬁi’i‘ NESAIE E)ﬁlﬁ%‘bﬁ%r% ¥l Her 2
(Cel | Signal {yitfl, TBS.65 kontAtfiing? 598 BB Vahat deaBlopsd awith a phospho-specific Her2
antibody directed against Y1221/22 (Cell Signaling, 2243) according to the
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unphosphorylated Her2 (Cell Signaling, 2165).

AKT phosphorylation assay
5x10e5 A431 cells are seeded per well of a 6-well plate the day prior antibody
addition in RPMI with 10% FCS (fetal calf serum). The next day, 5 pg/mL of the
25 control or bispecific antibodies are added to the medium and cells are incubated an
additional hour. A substet of cells is then stimulated for an additional 15 min with
25 ng/mL HGF (R&D, 294-HGN). Cells are washed once with ice cold PBS
containing 1 mM sodium vanadate upon which they are placed on ice and lysed in
the cell culture plate with 100 pL lysis buffer (50 mM Tris-Cl pH7.5, 150 mM
30 NaCl, 1% NP40, 0.5% DOC, aprotinine, 0.5 mM PMSF, 1 mM sodium-vanadate).
Cell lysates are transferred to eppendorf tubes and lysis allowed to proceed for 30
minutes on ice. Protein concentration is determined using the BCA method
(Pierce). 30-50 pg of the lysate are separated on a 4-12% Bis-Tris NuPage gel
(Invitrogen) and proteins on the gel are transferred to a nitrocellulose membrane.
35 Membranes are blocked for one hour with TBS-T containing 5% BSA and
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20 instructions. Immunoblots are reprobed with an antibody binding to Actin (Abcam,

ab20272).

Cell-Cell Dissemination (scatter assay)
A549 (4000 cells per well) or A431 (8000 cells per well) were seeded the day prior
compound treatment in a total volume of 200 pL in 96-well E-Plates (Roche,
25 05232368001) in RPMI with 0.5 % FCS. Adhesion and cell growth was monitored
over night with the Real Time Cell Analyzer machine with sweeps every 15 min
monitoring the impedance. The next day, cells were pre-incubated with 5 uL of the
respective antibody dilutions in PBS with sweeps every five minutes. After 30
minutes 2,5 pL of a HGF solution yielding a final concentration of 20 ng/mL were
30 added and the experiment was allowed to proceed for further 72 hours. Immediate
changes were monitored with sweeps every minute for 180 minutes followed by

sweeps every 15 minutes for the remainder of the time.

HUVEC proliferation assay
HUVEC cells (Promocell, C-12200) are seeded in collagen coated 96-wells in
35 0.5% FCS containing EBM-2 medium (Promocell, C-22211). The following day a



ab20272). Cell-Cell D ssem nation (scatter assay) A549 (4000 cells per
well) or A431 (8000 cells per well) were seeded the day prior conpound

t r eat mentwOrRor/t1835al vol unme of 200 nmi in 96-wel | E- Pl at @6 T(ER2&10802006
05232368001) in RPM with 0.5 % FCS. Adhesion and cell growth was nonitored
over night with the Real Tine Cell Analgger nmachine with sweeps every 15
mn nmonitoring the inpedance. The next day, cells were pre-incubated with 5
m. of the respective antibody dilutions in PBS with sweeps every five
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C-12200) are see n col | agen coat ed s in 0.5% FCS contai ning

EBM 2 fredi unfamHageEs rec f‘?‘)‘ The foll owi ng day adilution series of
control or bispecific antlbodl es is added to the cells. After 30 m n of

i ncubati on 2§k-B38 omﬁ.ﬁmsagm HGN) is added and cells are incubated for

anot her 72 h | ul

det er m ned vﬁ)tal{ﬁ’rtpﬁcgv%%@ﬁm %E%fi}aellé lﬁp(())(\%éssﬂ &%ﬁlrog%eééqwggfg@%lﬁ %Pléggglgfﬂlt nlgst 0
t he manuf actsseded seenmmwhnd@medmm QiPBHElGﬂQm 4% @¥) dhe i@lmna)dasc dhe
proliferatiof, gliydises (]Iog%)%ca‘?lltlgﬁd?% \ml és @1fe lﬁs&@rﬁ@eiﬂtlb%ﬁlels watk tadded pl at e

were seeded T n serumreduce I um 40/ The f.ol ] owm ng da
t he pdPent al aq@eilsmer@cmatgﬁtaﬂggwala@ hé‘ﬁler 3’ Cthh‘é é’éfclafoé Ogﬁf’{lglélﬁl gs g
vere added and)ifRhtion, wWas ae@ﬂﬁﬁxb&atlmcbeadﬂeﬂglmabsa@&mnaégam whi ch ATP, as
i ndi cator of cellular proliferation, was determned with cell titer glow

assay (Promega) . bRl ATk e b4 hF B 1006 BURSERSFutPhe 196: 10000

cells per we ate’were
reduced medi wail (CEIPMultLG4flate Wte 5ES)ed ifitreri IW@m@gi@&;m t(REMJakashit hl4 /Her 2 or

ﬁg/an{ ant| ?%%sﬁwk@%%}égﬁg DirRRELIC 1RA PAduchannafidad gl wele as 25

S were cu

tivated addition 51 after
whi ch 1ATP,  akispesific antdhodsrwereladdedips pieB) 3sr% bg/minHGlR & By é?‘r"nﬂfgld #en cell
titer gl ow ag§RYwtR QTBGALd GH@OnSYLAD LYy FaFAYATPA@S)indicator of cellular

proliferation, was determined with cell titer glow assay (Promega).

Flow cytometry assay (FACS)
a) Binding Assay

20 c-Met and ErbB-2 expressing cells were detached and counted. 1.5x10e5 cells were
seeded per well of a conical 96-well plate. Cells were spun down (1500 rpm, 4°C, 5
min) and incubated for 30 min on ice in 50 pL of a dilution series of the respective
bispecific antibody in PBS with 2 % FCS (fetal calf serum). Cells were again spun
down and washed once with 200 pL PBS containing 2 % FCS followed by a

25 second incubation of 30 min with a phycoerythrin-coupled antibody directed
against human Fc which was diluted in PBS containing 2 % FCS (Jackson
Immunoresearch, 109116098). Cells were spun down washed twice with 200 pL
PBS containing 2 % FCS, resuspended in BD CellFix solution (BD Biosciences)
and incubated for at least 10 min on ice. Mean fluorescence intensity (mfi) of the

30 cells was determined by flow cytometry (FACS Canto, BD). 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.



a) Binding Assay c-Met and ErbB-2 expressing cells were detached and
counted. 1.5xlI ge5 cells were seeded per well of a conical 96-well plate.
Cel | s werwogpwiisssen (1500 rpm 4C, 5 min) and i ncubat e®CT®P2@0/003006 On i ce
in 50 nL of a dilution series of the respective bispecific antibody in PBS
wth 2 %FCS (fetal calf serum). Cells.sgre again spun down and washed once
with 200 nL PBS containing 2 % FCS foll owed by a second i ncubation of 30
mn with a phycoerythrin-coupled antibody directed agai nst human Fc whi ch
was di | ut ed byIntEinaligaticti Absdg 2 % FCS (Jackson | nmunoresearch, 1091 16098).
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(1500 10pm 4T% msmu;d \ﬂatsmgbnmﬁtlhtenas' wag dpiermmesnbly iflow SHIOBtH ofF ALeS
mnutes in 58 Bﬁcoeryt hri n-coupl ed secondary anti body directed agai nst
human Fc whi cﬁ iluted in PBS containing 2 %FCS (Jackson

| mmunor esearch, 1091 16098). Cells were again spun down, washed with PBS +
2 9% FCS and ERditesHAPAS A ensity was determined by flow cytometry (FACS
Canto, BD). Celillvidbiligr akdl GroletaynCabd quastifidd Lyingnitle peedll tifeer glowoassaps

guantified u ell titer 558
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shaker for 2reagent were added and multi-well plates were placed on an orbital shaker for 2

min. Luminescence was quantified after 15 min on a microplate reader (Tecan).

20 Wst-1 Assay
A Wst-1 viability and cell proliferation assay was performed as endpoint analysis,
detecting the number of metabolic active cells. Briefly, 20 uL of Wst-1 reagent
(Roche, 11644807001) were added to 200 uL of culture medium. 96-well plates
were further incubated for 30 min to 1 h until robust development of the dye.
25 Staining intensity was quantified on a microplate reader (Tecan) at a wavelength of
450 nm.

Design of bispecific <ErbB2-c-Met> antibodies

All of the following expressed and purified bispecific <ErbB-2-c-Met> antibodies

comprise a constant region or at least the Fc part of IgG1 subclass (human constant
30 IgG1 region of SEQ ID NO: 9) which is eventually modified as indicated below.

In Table 1: Trivalent, bispecific <ErbB-2-c-Met> antibodies based on a full lenght
ErbB-2 antibody (trastuzumab) and one single chain Fab fragment (for a basic
structure scheme see Fig. 5a)from a c-Met antibody (cMet 5D5) with the respective
features shown in Tablel one were or can be expressed and purified according to



m n. Lum nescence was quantified after 15 mn on a mcropl ate reader
(Tecan). Wst-1 Assay A Wst-1 viability and cell proliferation assay was

per f or redwe0sndpssBnt anal ysi s, detecting the nunber of PoEtERb@loioc208€t | ve
cells. Briefly, 20 nL of Wt-1 reagent (Roche, 11644807001) were added to
200 mL of culture nedium 96-well plategowere further incubated for 30 mn
to 1 h until robust devel opnent of the dye. Staining intensity was
guantified on a mcroplate reader (Tecan) at a wavel ength of 450 nm Design
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NO 9) which is eventually nodified as indicated below. In Table 1:

Trival ent, blabledific <ErbB-2-c-Met> antibodies based on a full |enght

ErbB-2 anti body (trastuzumab) and one single chain Fab fragnment (for a
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i body (cMet 5D5) with

the respective features shown ame @ re qr can be expressed and
purified accordi ng tothe generfe (hods flescri bed |above. The correspondi ng
VH and VL of trastuzunmab and danemengatureolqiven in|the sequence |isting.
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Example1:

Binding of bispecific antibodies to ErbB-2 and c-Met

(Surface Plasmon Resonance)

The binding affinity was determined with a standard binding assay at 25°C, such as
surface plasmon resonance technique (BIAcore®, GE-Healthcare Uppsala,



Exanple 2: Inhibition of HG-induced c-Met receptor phosphorylation by

bi specific HER2/c-Met antibody formats. To confirmfunctionality of the

c- Met parwoi2nirhessbi speci fic anti bodi es a c- Met phosphorgrarean/oox8ay i s
performed. In this experinent A549 |ung cancer cells or HT29 col orectal
cancer cells are treated with the bispegific antibodies or control

anti bodi es prior exposure to HG. Cells are then |ysed and phosphoryl ation
of the c-Met receptor is exam ned. Both cell lines can be stinmulated with

HG- as can b@w&ﬁﬁyrw&ohfhuny hﬂeagﬁememen@@ u@fmlaoipmphey @ntMikhésr(ﬁ@hf geatpand in

t he i mmunobl Bi .nd f th t | gads t
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cells, e.g. stihdstd amﬁ&cmhagtandrblneiqhig}éhhmtmyamd aaSBRssstountt (Beasept or
hosphoryl at he

Bt bod vs. ek Ar aiR6Ef dndo- R BABRARS Pro ALl Buydt B ety

treat mént wiatR?5Meapa fvetratsi cﬁ;ﬁadp/mln, fapr%byeshlmbormﬁqs;(&ﬁm%m%mﬂ) t y of

the Her2-bi rwhmﬂnﬁﬁﬁtbmﬂoswa' WEQtfﬂwdlﬁ%{lg/ﬁmnrﬁﬂé bRfel R tﬁgbﬁr&n

i ncubated either wt ar ent nti bodi es or bisp e Hg /cl\/bt

anti bodi es. ®pgamsat BBS{0hk /"pgﬁén‘t"é?r “%Frd Bﬁ% 58th W?%ﬂﬁ’ﬁtr%‘aﬁfaé Sof an

unrel ated | qﬁlmﬂ]mhmg@bﬂgedyc]l PHARO0 k6lutiodi bi tion of recept or
phosphoryl ation. Aternatively, one can also use cells which are stinmul at ed

with NRG to B2/ C h t e or
absence of pt&gl ?aIBE% g g%gg[e ?Eihc(g%trflt% B Q%hﬁggn Q@dl% l%l%l&gq%\tr}lsa 5| S o? Pl 3K
si gnalldng af determtinabhynwmfacepldsmeis résoodtte. bi speci f| c anti bodi es Her2 as wel |
as c-Met receptor can signal via the PDK pat hway which conveys mtogenic
signals. To denpnstr alygndingul t aneols targetipgaBd2the Her2 and c- Met
receptor phosphoryl ati sgeuﬂ AKT a downstre ﬁr get in the |PDK pat hway,
can be nonitored. To HH+S ._..Lr tst-ated-—cet tated with NRG
or HGF or cells treatl&Mgith hoth Lk OWMss| HARETE3 paraliel |i ncubated with
unspecific, parental |[control or biskh&ci/f) c phib0BOdi es. Al ternatively, one
can al so assess cell g which overexp rb K and/ or hgve an autocrine
HG- | oop whi ch acti vates—c=Mhet KﬁfMF B@éb‘l@o@
ErbB-2 ka (1/Ms) | 9,50E+04

kd (1/s) | <1E-06
KD (M) |<IE-10

Example 2:
Inhibition of HGF-induced c-Met receptor phosphorylation by bispecific

HER2/c-Met antibody formats.

15 To confirm functionality of the c-Met part in the bispecific antibodies a c-Met
phosphorylation assay is performed. In this experiment A549 lung cancer cells or
HT29 colorectal cancer cells are treated with the bispecific antibodies or control
antibodies prior exposure to HGF. Cells are then lysed and phosphorylation of the
c-Met receptor is examined. Both cell lines can be stimulated with HGF as can be
20 observed by the occurrence of a phopho-c-Met specific band in the immunoblot.
Binding of the parental or bispecific antibodies leads to inhibition of receptor
phosphorylation. Alternatively, one can also use cells, e.g. U87MG, with an
autocrine HGF loop and assess c-Met receptor phosphorylation in the absence or

presence of parental or bispecific antibodies.



signaling. AKT is a major downstream signaling conponent of the PDK pat hway
and phosphorylation of this protein is a key indicator of signaling via

t hi s pat hweyo1oEasspl e 5 Anal ysis of MAPK signal i ng aft @cCTiRPe@vma2906 Wi t h
Her 2/ cMet bi specific anti bodies c-Met receptor can signal via the MAPK

pat hway. To denonstrate targeting of thg2c-Met receptor, phosphorylation of
ERK1/ 2, a major downstreamtarget in the MAPK pat hway, can be nonitored. To
this End, unstinulated cells or cells treated with HG- are in parall el

i ncubat ed W Examipk®eci fic, par ental control or bispecific antibodies.

Al ternativel ass R1dfCGF | oop
whi ch activa gg%@gs'@g?ﬂg? 5 %rgpe@isgﬁg{"hgtéMhﬁ ngxﬁ%ﬁ v@kﬁ %&2 déljced HUVEC
proliferati oblspgclﬁcambodlm Her 2/ c- Met anti body formats. HUVEC
proliferation assays can be performed to denonstrate the agi ogenic and

m togenic ef ’F@%nﬁfm 'ﬁctu‘ﬁﬂﬂbﬁ bPQh@fHéﬁlr{d%g"%QM ﬂh@cﬁsﬁ&lt?d\ HedZ/tPRSE 1N

cellular proliferation_wh can hi bite I\{g % ti bodi es
in a ddsedeptiitperies e arE)%‘éﬂ‘ﬁ’F‘E’ 7elr}}eﬁhW’6? ttP‘E)rPaB?m kE :F% 6?@?‘?6‘#‘]%? 8tion by
bi specific Fﬁ%&cﬁ?jd\/ﬁbaﬁéﬂ/ﬂeb@ﬂi‘tﬁﬁhesaBuﬁi{n@bB tieparentdl sp baspetifighantibbdiesur f ace
| evel s of Her2 a i um C Sj 0 S

i ndependent | PtcBYf P 4B du?xﬁ #@y?od‘i@i gﬁdyd?‘%al gngoop]hﬁlltl&ﬁ)l\@{ re%g?t%

Her 2- bi ndi ngplmsphdrgtdtyaonrAltlamabvdp,eonef can H@o 2rse ckBs whieh prsdstiredaigd wigh a
decrease in Rgl 4Oe I%Bl%;ﬁéfh?eéeﬂﬁ)rit M’ﬁhog}l&ﬂiﬂﬂ RO biRaHY df'%ﬁsé?l%}ﬁf m nor

effects on pr e a situation in which an active
Her 2 -10c- thpafe@élmrd}ispffpé'wainﬂhgdlﬁ%vmrk occurs proliferation assays are
conducted as described but in the presence of HG--conditioned nmedia. In

this settingggaspld #n of elther one of the parental antibodies has only
m nor effects on cell ation as, de titer glow
anal ysi s whi gga&aﬁlqﬂ’g#ﬁﬂ& tﬁ é‘ﬁéﬁ‘?aﬂn(?nﬁmt”&g%]zécy%tbmf eec'iii:conbl nation of

t he parent al amtibodieddi es | eads to a decrease in cellular proliferation.
Exanpl e 8: Analysis of inhibition of HG-induced cell-cell dissemnation

(scattering) H'e& as well as c-Met receptor can signal via the PI3K pathway which conveys
15 mitogenic signals. To demonstrate simultaneous targeting of the Her2 and c-Met
receptor phosphorylation of AKT, a downstream target in the PI3K pathway, can
be monitored. To this End, unstimulated cells, cells treated with NRG or HGF or

cells treated with both cytokines are in parallel incubated with unspecific, parental
control or bispecific antibodies. Alternatively, one can also assess cells which
20 overexpress ErbB2/Her2 and/or have an autocrine HGF loop which activates c-Met
signaling. AKT is a major downstream signaling component of the PI3K pathway

and phosphorylation of this protein is a key indicator of signaling via this pathway.

Example S;
Analysis of MAPK signaling after treatment with Her2/cMet bispecific

25 antibodies

c-Met receptor can signal via the MAPK pathway. To demonstrate targeting of the
c-Met receptor, phosphorylation of ERK1/2, a major downstream target in the
MAPK pathway, can be monitored. To this End, unstimulated cells or cells treated
with HGF are in parallel incubated with unspecific, parental control or bispecific
30 antibodies. Alternatively, one can also assess cells which have an autocrine HGF

loop which activates c-Met signaling.



the cancer cell line DUL45 by bispecific Her2/c-Met antibody formats.

HG-- i nduced scattering i nduces norphol ogi cal changes of the cell, resulting
i n roundiw@ 20f0/116¥3cel | s, fil opodia-1ike protrusions, spBCRAP2O10/0A2906
structures and a certain notility of the cells. A bispecific Her2/cMet

anti body suppressed HGFi nduced cell celle3di ssem nation. Exanple 9:

I nhi bition of HG-induced HUVEC proliferation by bispecific HER2/c- Met

anti body formats. HUVEC proliferation assays can be perforned to
dermonstrat e Exemplet@geni c ef fect of HG-. Addition of HG- to HUVEC | eads to
a twofold ingh t L anti bod
" the same TR o HRGRhAGEA HOVECREbtRG! by KPR REIR o pact
on cel lul ar mtehqdyefpamatm whi I e the 5D5 Fab fragnent inhibits HGF-induced
proliferation. Exanplel O Analysis of inhibition of HG-induced cell-cell

di ssem nat i oUNVESRIptA AN laBsaly§ Rak BRGRIfotiAkd td dBROADTe the iiogeid hnd

HER2/ c- I\/bt ant i body G- catt hoI ogi cal anges
of the3cel |, MHageNI¢ FFg‘:tlﬂtlﬂgﬂ:cdgﬁl@“B Q?H'zagetf’rﬁb%(g%ga 930 jsresse il
protrusi OnS, cé]}ﬁldﬂ@lr@rfbtaﬁen sithiclctanr isinhibited by erMai bindingiantibgdies mtahéoscel | s.
The Real ng d Anal zer (Roche) neasures the inpedance of a given cell
cul ture wel | “@8 %Hlaflﬂ refore indirectly nonitor changes in cellular

nor phol ogy and proliferation. Addition of HGF to A43 1 and A549 cells
results in cEammele Bf the i npedance which can be nonitored as function of

time. Exanpl g ibitdddSK-BrPpraittidtiRivby Bidpalifd HefZ/RNOf artiBodiésal i zation in

ErbB-2 and c- Met expreSS| ng cancer cell Ilnes I ncubation of cells with

t i bodi di to Met
"t ernD | sat Doskirs e il Sk il Sk SR at 083, R Bl Tige gl 00"
capability Oiurfal@e dﬁpﬁe@ﬁﬁn foIfQ: Miet iab adtiseiadeppndenthyecinfemed | in Sbw gytanatesi gned
to study anti ced I
ovear 8 col | AadiGe SCHFT Pl RETRUGH MR AedRy | e Blspbdlli RUGROME:
Cancer Insti amtbw)iydM@AED SdN@IeaseS@mrDhI@ratma Wbtle the g-Met-pirding aptibodydas var
15; 45(3) : 41603@,“;15?%@ ofPlolifirgn, Mol Cancer Ther. 2006; 5; 2606- 12,

Lor enzi, cer Ther 2009; 8(4):713-24)) (which express

Her2 as well as c-
15 b) To simulate a situation in which an active Her2 — c-Met-receptor signaling

nework occurs proliferation assays are conducted as described but in the presence
of HGF-conditioned media. In this setting addition of either one of the parental
antibodies has only minor effects on cellular proliferation as determined by cell
titer glow analysis while addition of the bispecific antibodies or the combination of

20 the parental antibodies leads to a decrease in cellular proliferation.

Example 8:
Analysis of inhibition of HGF-induced cell-cell dissemination (scattering) in

the cancer cell line DU145 by bispecific Her2/c-Met antibody formats.

HGF-induced scattering induces morphological changes of the cell, resulting in
25 rounding of the cells, filopodia-like protrusions, spindle-like structures and a
certain motility of the cells. A bispecific Her2/cMet antibody suppressed HGF-

induced cell cell dissemination.



Metas was confirnmed by flow cytonmetry -see Figure 7b) were incubated for
different periods of tine (e.g 0, 30, 60, 120 mnutes = 0, 0.5, 1, 2 hours
(h)) w t hwohelwwasysecti ve primary anti body at 37C. Cel | ulPpai/gEre@o®sx®es ar e
stopped by rapidly cooling the cells to 4C. A secondary fl uorophor-coupl ed
anti body specifically binding to the Fceaf the primary anti body was used to
detect antibodi es bound tothe cell surface. Internalization of the

anti body-receptor conpl ex depletes the anti body-receptor conpl exes on the
cel | surfaceEgasplee®ul ts in decreased nean fluorescence intensity.

I nternalizat HRMA-MBt t he
follow ng t i&%nbﬁﬁa Ozﬁkgtgggu@q{@y (?gr nal ?aztgﬁ Peéﬁg respecNt/[i ve
receptor is amdmﬂyefdrmaes the internalization of the respective antibodi es
(I'n Figure 8, the bispecific <ErbB2-cMet> anti body BsABO2 is designated as

chet/ HER2Z, teVaRE ?fl}llf&'&ﬁ&? Qgsj(sf Edn bé)pefﬁmea t@aémbmfaeestherr@n@g%ﬁicgéf&tced as
<HER2> and <cMet >

nt er ization of c-Met recept
bi specPfic Hfr BGFepdition offdal tayggﬁﬁal%‘if o W@Wt‘nﬁﬁ?ﬁﬁfslﬁégppfeé%o& val ent
c-Met and HERadnﬁahld@qu‘naﬁepg@b@drw dnibbdCEh meaynammn&atimumgems EMEAR- 8
cells. Meas % af c-Met receptor on he
absence of a )"mticll%odéeé'lt\{'13 snﬂéﬁg%?o?n SelF | prr%ggeé EO% %Hggléé SDsﬂu??%ce
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Analysis of antibody-mediated receptor internalization in ErbB-2 and c-Met

20 expressing cancer cell lines

Incubation of cells with antibodies specifically binding to Her2 or c-Met has been
shown to trigger internalization of the receptor. In order to assess the
internalization capability of the bispecific antibodies, an experimental setup is
designed to study antibody—induced receptor internalization. For this purpose,
25 OVCAR-8 cells (NCI Cell Line designation; purchased from NCI (National
Cancer Institute) OVCAR-8-NCI; Schilder RJ, et al Int J Cancer. 1990 Mar
15;45(3):416-22; Ikediobi ON, et al, Mol Cancer Ther. 2006;5;2606-12; Lorenzi,
P.L., et al Mol Cancer Ther 2009; 8(4):713-24)) (which express Her2 as well as c-
Metas was confirmed by flow cytometry -see Figure 7b) were incubated for
30 different periods of time (e.g 0, 30, 60, 120 minutes = 0, 0.5, 1, 2 hours (h)) with
the respective primary antibody at 37°C. Cellular processes are stopped by rapidly
cooling the cells to 4°C. A secondary fluorophor-coupled antibody specifically
binding to the Fc of the primary antibody was used to detect antibodies bound to
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Example 12:
15 Preparation of glycoengineered versions of bispecific Her2/c-Met antibodies

The DNA sequences of bispecific Her2/c-Met antibody are subcloned into

mammalian expression vectors under the control of the MPSV promoter and

upstream of a synthetic polyA site, each vector carrying an EBV OriP sequence.

Bispecific antibodies are produced by co-transfecting HEK293-EBNA cells with

20 the mammalian bispecific antibody expression vectors using a calcium phosphate-

transfection approach. Exponentially growing HEK293-EBNA cells are transfected
by the calcium phosphate method. For the production of the glycoengineered
antibody, the cells are co-transfected with two additional plasmids, one for a fusion



sanpl e (about 50ng) is incubated over night at 37C with 5mJ N-G ycosi dase F
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The secreted bispecific afocusylated glycoengineered antibodies are purified by
Protein A affinity chromatography, followed by cation exchange chromatography
and a final size exclusion chromatographic step on a Superdex 200 column
25 (Amersham Pharmacia) exchanging the buffer to 25 mM potassium phosphate, 125
mM sodium chloride, 100 mM glycine solution of pH 6.7 and collecting the pure
monomeric IgGl antibodies. Antibody concentration is estimated using a

spectrophotometer from the absorbance at 280 nm.

The oligosaccharides attached to the Fc region of the antibodies are analysed by
30 MALDI/TOF-MS as described. Oligosaccharides are 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 is either prepared directly for MALDI/TOF-MS analysis

or further digested with EndoH glycosidase prior to sample preparation for
35 MALDI/TOF-MS analysis.
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the NuTip-Carbon pipet tip are washed with 20 puL pure water in the way as
20 described above and are eluted stepwise with 0.5 pL 10% and 2.0 pL 20 %
acetonitrile, respectively. For this step, the elution solutions are filled in a 0.5 mL
reaction vails and are pulled up and down four to five times each. For the analysis
by MALDI-Tof mass spectrometry, both eluates are combined. For this
measurement, 0.4 pL of the combined eluates are mixed on the MALDI target with
25 1.6 pL SDHB matrix solution (2.5-Dihydroxybenzoic acid/2-Hydorxy-5-
Methoxybenzoic acid [Bruker Daltonics #209813] dissolved in 20 % ethanol/5SmM
NaCl at 5 mg/ml) and analysed with a suitably tuned Bruker Ultraflex TOF/TOF
instrument. Routinely, 50-300 shots are recorded and sumed up to a single
experiment. The spectra obtained are evaluated by the flex analysis software
30 (Bruker Daltonics) and masses are determined for the each of the peaks detected.
Subsequently, the peaks are assigned to fucose or a-fucose (non-fucose) containing
glycol structures by comparing the masses calculated and the masses theoretically
expected for the respective structures (e.g. complex, hybride and oligo-or high-

mannose, respectively, with and without fucose).
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20 Example 14:
Analysis of cellular migration after treatment with Her2/cMet bispecific

antibodies

One important aspect of active c-Met signaling is induction of a migratory and
invasive programme. Efficacy of a c-Met inhibitory antibody can be determined by
25 measuring the inhibition of HGF-induced cellular migration. For this purpose, the
HGF-inducible cancer cell line A431 is treated with HGF in the absence or
presence of bispecific antibody or an IgG control antibody and the number of cells
migrating through an 8 um pore is measured in a time-dependent manner on an

Acea Real Time cell analyzer using CIM-plates with an impedance readout.

30 Example 15:
In vitro ADCC of bispecific Her2/c-Met antibodies

The Her2/cMet bispecific antibodies according to the invention display reduced

internalization on cells expressing both receptors. Reduced internalization strongly
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i nhi bition) cell number and viability is checked and the cell number adjusted to 0.3 Mio/ml.

Meanwhile, PBMC as effector cells are prepared by density gradient centrifugation

20 (Histopaque-1077, Sigma # HB8889) according to the manufacturer’s protocol
(washing steps 1x at 400g and 2x at 350g 10 min each). The cell number and
viability is checked and the cell number adjusted to 15 Mio/ml.

100p1 calcein-stained target cells are plated in round-bottom 96-well plates, 50pl
diluted antibody is added and 50pl effector cells. In some experiments the target

25 cells are mixed with Redimune ® NF Liquid (ZLB Behring) at a concentration of
10 mg/ml Redimune.

As controls serves the spontaneous lysis, determined by co-culturing target and
effector cells without antibody and the maximal lysis, determined by 1 % Triton X-
100 lysis of target cells only. The plate is incubated for 4 hours at 37°C in a

30 humidified cell incubator.

The killing of target cells is assessed by measuring LDH release from damaged
cells using the Cytotoxicity Detection kit (LDH Detection Kit, Roche # 1 644 793)

according to the manufacturer’s instruction. Briefly, 100 ul supernatant from each



b) OVCAR-8 cells are dependent on HER2 signaling. To sinulate a situation

I n which an active HER - c-Met-receptor signaling network occurs further
proliferavoanicags®ys were conducted as descri bed under &LT/EP2010/002006

(Cell Titerdowmtn) assay after 48 hours) but in the presence of

HGF- condi ti oned nedia. Results are showygi-n Figure 9b. The measurenent
showed al nost no inhibition effect of the Her2 antibody trastuzumab (2%

i nhibition) and of the nonoval ent c-Met anti body one-arned 5D5 (OA5D5) (3%
i nhi bi tion) wéll Bafxed edth moHIFsubsteat &dncibk kit inkitcnsparere e bottam 0% well

i nhi bition. The bi i fic Her2fc- i b : %

: Eh: b: t : 82) éﬂ%wgﬁi‘%a %llaﬁln\%&he&ra% ﬁlr?%ls i‘r&%lns %ﬁ@lﬁé&?ﬁ%ﬁ?ﬁ%‘%ép i feration
of Ovcar-8 CELISA rdder abB man ifon abfleashdOHpim2 Rereentaggyoft spesifiez emfitodand t he
monoval ent Cﬁ&@%tegp%]:lil?lgqy cﬂ%ﬁra?égnﬁdfoﬁ%s.( (RASDER KR LosR1 86 SwhERNR G1ced

decrease in ce eration (10%. nhibrtion). Patent ains 1. A
bi specBfic aheinssnpf Msew atiacwesiicntibedycanseiation. TR pwths mear ofupmax ef et

conpri si ng apkispsitaritidhs #2esEbAd M istht theahi of VaRRWthe Makinddirglesset 0 human
ErbB-2 and a second antigen-binding site that specifically binds to human
c- Met, characteri zed in that said bispecific antibody shows an

I nternalizat Met of no nore than 15 % when neasured after 1 hour in
a flow cyt onki viyo 2ffiayy of bispgerific Ha |/ kM et antibodies irea subcutanequsal i zat i on of

c-Met in the_ab ' | I, fyd | body. 2. The bispecific
ant i body acc’éer%%ﬁ%ﬁ?%&%f%?{%dﬁp%%%?glgtﬂegﬁg In being a bivalent or
trivalent, conprising one or two antigen-binding sites that, specifi.cally

bi nd tl® humaé sEbp@itanests KPLthmogdeln soingfctedow HuiMES-3 icells, imisicks e PRIACEES | v
binds to hu”?d?ivﬁt];i(')\fﬁfoop%or JJR@etaKP%st!yreas:tbpa]g _&irfalﬁl} amo@ﬂtad-Meeamgngstr?ri Zeg in
conprising a) a Tu engt | speclLil ca . pl.nal ng, to r - an
consi sting of" th C%t%‘ﬁ%&f@%f“@%ﬁg i atrﬁdn%o/fﬁ{)ai“}? dy et g%‘i“déﬁaf’%%; and
b) one si ngl eulah@icondiabnd i ghe Mgasiienicl groaith phbsen Pt taod IMneh aslivetre
wherein said. single chai,n Fab .f.r : I i,84f 1ot I

| ength anti b‘c%ﬁft%inléleq’ l11@')1 r\?ﬁ “Q{hp%%&g Q@O‘gm& 01? ag? Otd Egﬂg{i&o;@/ﬂﬁ@. tbgl%ﬁ nus
of thd5Sheavyarerengiagtied te REID beigegnice Freatmenesigrthafieritpmersare gstalishied gadi f i c

anti body spegid galiled £Li2dbPP06-950WIRS. Fi&Baré tRAIAWARR 18ading dose of 20
mg/kg of antibody / mouse and then once weekly with 10 mg/kg of antibody /
mouse. Tumor volume is measured twice a week and animal weights are monitored
in parallel. Single treatments and combination of the single antibodies are

20 compared to the therapy with bispecific antibody.

Examplel7
Inhibition of OVCAR-8 proliferation by bispecific Herl/c-Met antibodies.

a) OVCAR-8 cells (NCI Cell Line designation; purchased from NCI (National

Cancer Institute) OVCAR-8-NCI; Schilder RJ, et al Int J Cancer. 1990 Mar
25 15;45(3):416-22; Ikediobi ON, et al, Mol Cancer Ther. 2006;5;2606-12; Lorenzi,

P.L., et al Mol Cancer Ther 2009; 8(4):713-24)) display significant cell surface

levels of Her2 and of c-Met as was independently confirmed in flow cytometry (see

Figure 7b). Inhibition of OVCAR-8 cell proliferation by bispecific Her2/c-Met

antibodies was measured in CellTiterGlow™™ assay after 48 hours. Results are
30 shown in Figure 9a. Control was PBS buffer (Phosphate buffered saline).

The measurement showed an inhibition of the HER2 antibody trastuzumab of 6%
inhibition (compared to buffer control which is set 0% inhibition). The bispecific
Her2/c-Met BsAB02 (BsAb) antibody led to a more pronounced inhibition of



Met conprising a first antigen-binding site that specifically binds to
human ErbB-2 and a second antigen-binding site that specifically binds to
human c- Wbtpiochsssacteri zed in that said first anti gen-lpCmdiPago®i0e6
conprises in the heavy chain variable domain a CDR3H regi on of SEQ I D NO
15, a CDR2H region of SEQ ID NO 16, andija CDR H region of SEQ ID NO 17,
and in the light chain variable domain a CDR3L region of SEQ ID NO 18, a
CDR2L region of SEQ ID NO 19, and a CDRIL region of SEQ ID NG 20; and said
second anti geamchi ol peplferation ¢hiri imhibition)t fike mezwyalehticiMetaitiiody atemai n a

CDR3H r egi on_of I QL. - SE a

CDRI H regi onm%fedﬁg I(@\%gs) %ﬁ?wg%wcﬁggﬁ?gh@%‘ﬁgi %%ar@iolgﬁngagg ncgiqﬁe a
CDR3L r egi onHER2SEQbpdy Mastuzamaly awbits mosgyalent ot MsEentiydycenegmegPy CDRI L
region of SE@AQ) ed ta leds Pm%umea%efefasézgmhmbﬁm according to claim 4

characteriz in that sard Tirst antigen-binding site specifically binding
to ErbB-2 conprises as heavy chain vari donmai n .t he sequenc f SEQID
NO 1 2 and 'é)sOM%?“SC?Fé]iSr?TQéiFP%fB{éBt 8% F%gﬁg‘%d@nggu‘;ﬁe@a&w 2
and sai d secqhfthanhi getivedi MBRNG S-Met-sqeeptof i sighdlingbinetivery bocurs MBirther
conprises as_heavy.chain vari abl in.th . , and
as |ight chaPW?‘s“ﬁ%ﬁ%{b‘Fséa’éfo‘ﬁ%ﬁencoflﬁ‘é&‘g‘gg%g%%‘é‘g%‘f‘ef%%%%ﬁ Ecﬂgl E (16. T%eS oy

bi speci fi ¢ aaftérbtgdyowms)crtdin e preseicaiohHGFwosditionest mediar Reautsi age sboMiR i si ng

a constant rﬁxg%iggrecyf_lg(a or 1gG&3 subclass. 7. The bispecific antibody
according to cldim1 to 6, characterized in that said antibody is

i i s 0 ShycmeiHETEn Shgweds Gmasb ey R i o B Al BUPREY o

bi speci I ic afiﬁét@ﬁi_i‘ﬂqba(QQ/pﬁﬁl:iBiﬁoﬁ)flifn_woiiﬂﬁﬁ l_zhgh@va’rem 9-M& gtibbdyporethimad SDS ,
conposi tl on S .a.pDlLsSpeciTtic an accor di . .
10 .rrpA phar m@g?%g{ﬂ/g cﬁﬂg’éﬁoﬁe btlncoé%pca(g?(%*ongeg:étr%al %d; %%ﬁgylélgtrl %ﬁ%% g%t_rté adtoﬁe nt of
cancer. 11. #hibiipecTHd bispetifibbidy2/eddaratitibgdy BsABARBsAb) 61 7o fiphibitins)
treatment of ycancel {ojla%un&'?ieiélﬂfbi%orp bP B{%tcéa{n!cgr Gt pR3AfaRGL OF BivEst-§ Qeltd.ai M5 1

to 7 for the manufacture o medi canen or the treatnent of cancer.
15 The combination of the Her2 antibody trastuzumab and the monovalent c-Met
antibody one-armed 5D5 (OAS5DS5) led to a less pronounced decrease in cell

proliferation (10% inhibition).



13. A nmethod of treatment of patient suffering fromcancer by adm nistering
a bispecific antibody according to clains 1 to 7 to a patient in the need
of such tweapmenssss PCT/EP2010/002006

-T2 -

Patent Claims

1. A bispecific antibody specifically binding to human ErbB-2 and human c-

Met comprising a first antigen-binding site that specifically binds to human

ErbB-2 and a second antigen-binding site that specifically binds to human c-

5 Met, characterized in that said bispecific antibody shows an internalization of
c-Met of no more than 15 % when measured after 1 hour in a flow cytometry

assay on OVCAR-8 cells, as compared to internalization of c-Met in the

absence of said bispecific antibody.

2. The bispecific antibody according to claim 1 characterized in being a bivalent
10 or trivalent, comprising one or two antigen-binding sites that specifically
bind to human ErbB-2 and a third antigen-binding site that specifically binds

to human c-Met.
3.  The antibody according to claim 2 characterized in comprising

a) a full length antibody specifically binding to ErbB-2, and consisting of two
15 antibody heavy chains and two antibody light chains; and

b) one single chain Fab fragment specifically binding to human c-Met,

wherein said single chain Fab fragment under b) is fused to said full length
antibody under a) via a peptide connector at the C- or N- terminus of the
heavy or light chain of said full length antibody.

20 4. A bispecific antibody specifically binding to human ErbB-2 and human c-
Met comprising a first antigen-binding site that specifically binds to human
ErbB-2 and a second antigen-binding site that specifically binds to human c-

Met, characterized in that

said first antigen-binding site comprises in the heavy chain variable domain a
25 CDR3H region of SEQ ID NO: 15, a CDR2H region of SEQ ID NO: 16, and
a CDR1H region of SEQ ID NO:17, and in the light chain variable domain a
CDR3L region of SEQ ID NO: 18, a CDR2L region of SEQ ID NO:19, and a
CDRI1L region of SEQ ID NO:20; and
said second antigen-binding site comprises in the heavy chain variable
30 domain a CDR3H region of SEQ ID NO: 21, a CDR2H region of, SEQ ID
NO: 22, and a CDR1H region of SEQ ID NO: 23, and in the light chain
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variable domain a CDR3L region of SEQ ID NO: 24, a CDR2L region of
SEQ ID NO: 25, and a CDRI1L region of SEQ ID NO: 26.

The bispecific antibody according to claim 4 characterized in that

said first antigen-binding site specifically binding to ErbB-2 comprises as
heavy chain variable domain the sequence of SEQ ID NO: 1, and as light
chain variable domain the sequence of SEQ ID NO: 2 ; and
said second antigen-binding site specifically binding to c-Met comprises as
heavy chain variable domain the sequence of SEQ ID NO: 3, and as light
chain variable domain the sequence of SEQ ID NO: 4.

The bispecific antibody according to claim 1 to 5, characterized in

comprising a constant region of IgG1 or IgG3 subclass.

The bispecific antibody according to claim 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 nucleic acid encoding a bispecific antibody according to claim 1 to 7.

A pharmaceutical composition comprising a bispecific antibody according to

claims 1 to 7.

A pharmaceutical composition according to claims 9 for the treatment of

cancer.
A bispecific antibody according to 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.



