Bi specific anti-ErbB-3/anti-c-Met antibodies The present invention relates
to bispecific antibodi es agai nst human ErbB-3 and agai nst human c- Met,

met hods WO 20H&1855@r oduct i on, pharmaceuti cal conpositi oRETEFAVQIN0NY sai d
anti bodi es, and uses thereof. Background of the Invention ErbB protein
famly The ErbB protein famly consists of 4 nenbers ErbB-1, al so naned
epi dermal growth factor receptor (EGFR) ErbB-2, al so naned HER2 i n humans
and neu in rodents, ErbB-3, also named HER3 and ErbB-4, al so naned HER4.
ErbB-3 and anti-ErbB-3 antibodies ErbB-3 ( al so known as V-erb-b2
erythrobl asti c | eukem aBispééific antididiB33faadiod-Met Antibudien) , ERBB3, HER3; SEQ
I D NO 46) is nenbrane-bound protein which has a neuregulin bi ndi ng domain
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signal into roug “protein phosphorylation. However, it does form
het erodinmers with ot her EGF receptor fam |y nenbers which do have ki nase
act|V|t§ fiollads to the activation of pat hways whi ch | ead
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Thi s for m aedents, ErbBduplae sampé HER3 mdt@l’be4,taFF@ negredtiERbound for m (Cor fas,
G, et al., 7(6) (2004) 575-80). It is thought that ERBB3, when activated,

becorreqoa FHpH-3 aha aBﬁEEﬁBBE@rdn%ﬂiohwa and subsequent phosphorylation by
R B, S Byt Sy Y 2L 05 a0 LRSI s o8
i ncl ude heBe(guian)) ERBB3 -}mlbﬁ SEQrIl]DMOEIﬁ)Es thenbraae bbundprioteix suhder hdshaer apy
are known e gregulrm rfr).ﬁndmg domain but not an active kinase domain (Kraus, M.H, et al.,,
Proc. Natl. Acad. Sci. U.S.A. 86 (1989) 9193-7; Plowman, G.D., et al., Proc. Natl.
15  Acad. Sci. U.S.A. 87 (1999) 4905-9; Katoh, M., et al., Biochem. Biophys. Res.
Commun. 192 (1993) 1189-97). It therefore can bind this ligand but not convey the
signal into the cell through protein phosphorylation. However, it does form
heterodimers with other EGF receptor family members which do have kinase
activity. Heterodimerization leads to the activation of pathways which lead to cell
20  proliferation or differentiation. Amplification of this gene and/or overexpression of
its protein have been reported in numerous cancers, including prostate, bladder, and
breast tumors. Alternate transcriptional splice variants encoding different isoforms
have been characterized. One isoform lacks the intermembrane region and is
secreted outside the cell. This form acts to modulate the activity of the membrane-
25 bound form (Corfas, G., et al., 7(6) (2004) 575-80). It is thought that ERBB3,
when activated, becomes a substrate for dimerization and subsequent
phosphorylation by ERBB1, ERBB2 and ERBB4. Like many of the receptor
tyrosine-kinases, ERBB3 is activated by extracellular ligand. Ligands known to

bind to ERBB3 include heregulin.

30 Anti-ErbB-3 antibodies for use in anti-cancer therapy are known e.g. from
WO 97/35885, WO 2007/077028 or WO 2008/100624.



WO 97/ 35885, WO 2007/077028 or WD 2008/ 100624.c- Met and anti -c- Met

anti bodi es MET (nesenchynal -epithelial transition factor) is a

pr ot o- oncwQenw/tib#sk encodes a protein MET, (al so known &ET@EPMab/00lvepat ocyt e
grow h factor receptor HGFR, HGF receptor; scatter factor receptor; SF
receptor; SEQ ID.NG 45) (Dean, M, etzal., Nature 318 (1985) 385-8 (1985);
Chan, AM, et al., Oncogene 1 (1987) 229- 33; Bottaro, D.P., et al.,

Sci ence 251 (1991) 802-4; Naldini, L., et al., EMBOJ . 10 (1991) 2867-78;
Maul i k, G c-Miet ahd af¥itcoMetanfibodieyr Fact or Rev. 13 (2002) 41-59). MET is a
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per si st enc tigiation, ME] induegsiigyeral biglogical fegponsgythat HVely S eetgne MET
product i s at bfogr@paksyi easgiriakile f gotvi. AbaeRiAr VBT aRHeatitds in cancer

tyrosi ne-ki nase, actiyvity. The primry single chain rsor _protein is
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2007126799 br&iist, \WRd AAAR0NiAthally, only stem cells and progenitor cells express MET,

which allows these cells to grow invasively in order to generate new tissues in an

20  embryo or regenerate damaged tissues in an adult. However, cancer stem 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 5686292, US 7476724,
WO 2004072117, WO 2004108766, WO 2005016382, WO 2005063816,
30 WO 2006015371, WO 2006104911, WO 2007126799, or WO 2009007427.

C-Met binding peptides are known e.g. from Matzke, A., et al, Cancer Res 2005;
65: (14) and Tam, E.M, et al., J. Mol. Biol. 385 (2009) 79-90.



C-Met binding peptides are known e.g. from Matzke, A, et al, Cancer Res
2005; 65: (14) and Tarn, EM et al., J . MI. Biol. 385 (2009)

79- 90. Bi swocrfoswmat i bodies A wide variety of reconbi naRCTARRI1060R003 or mat s
have been devel oped in the recent past, e.g. tetraval ent bispecific

anti bodies by fusion of, e.g., an IgGantibody format and single chain
domains (see e.g. Coloma, MJ., et al., Nature Biotech 15 (1997) 159-163;
WO 2001/ 077342; and Morrison, S.L., Nature Biotech 25 (2007) 1233- 1234).
Al so sever Bispecifir antibudier mat s wherein the antibody core structure (IgA

gD, 1 gE, IAq%(?e vaé-%% of Iséc&%blngﬂﬁﬂtlbogf' %rprﬁags ﬁé{/?g)lpgx; tdgve? Spef_i 11:1I re%%n

t et rabodi es,
whi ch are maﬁiabgetetravarbm@uspgcrtﬂmnbbo by fusiongdne 2., AaleG be@bdeefoen@iped

(Hol l'i ger aﬁd sﬁ%})@&ha&n Pf@ttn% nS é?éeoé Ecéolg%a( gppSQtJal13@&&&@)@&05'1%2({?997) N.,

Leger, 4 Journ

menol 81 ddb- 198t NU208WS77 1430 2 adorrison iy L Natie; Bigfech' K (40D) 82 5k-ech. 25
(2007) 129Q23297). Al such forrrats use linkers either to fuse the anti body
core (IgA 1gD, IgE I1gGor IgM to a further binding protein (e.g. scFv)
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Mul ti val entBiétéclarsi(RoaR) 1eo0si2ouct haV| ng at |east four variable donains
which are Iinked with each over via peptide linkers are reported in US
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mind that one may want to retain 'effector functlons such as e.g. complement-

dependent cytotoxicity (CDC) or antibody dependent cellular cytotoxicity (ADCC),
which are mediated through the Fc receptor binding, by maintaining a high degree

ree of

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 FV 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



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/EPR010/002005
preferentially synthesizing dinmers which are |linked via at |east one

i nterchain disulfide |linkage fromdi ngrs which are not |inked via at |east
one interchain disulfide |inkage froma m xture conprising the twotypes of
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1995/ 009917. I n. WO 2007/ 109254 %gl n | ecyl es that consi st of
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with c-Met as second anti
reported in WO 1995/009917. In W 2007/ 109254 stabilized binding molecules
that consist of or comprise a stabilized scFv are reported. US 2007/0274985 relates

to antibody formats comprising single chain Fab (scFab) fragments.

20 WO02009111707(A1) relates to a combination therapy with Met and HER
antagonists. WO2009111691(A2A3) to a combination therapy with Met and EGFR

antagonists.

WO 2008/100624 relates to anti-ErbB-3 antibodies with increased ErbB-3 receptor
internalization and their use in bispecific antibodies inter alia with c-Met as second

25  antigen.

Summary of the Invention

A first aspect of the current invention is a bispecific antibody specifically binding
to human ErbB-3 and human c-Met comprising a first antigen-binding site that
specifically binds to human ErbB-3 and a second antigen-binding site that

30  specifically binds to human c-Met, characterized in that said bispecific antibody
shows an internalization of ErbB-3 of no more than 15 % when measured after 2
hours in a flow cytometry assay on A431 cells, as compared to internalization of
ErbB-3 in the absence of antibody.



A first aspect of the current invention is a bispecific antibody
specifically binding to human ErbB-3 and human c- Met conprising a first
ant i gen- bvodorgisiste t hat specifically binds to human EPOBER2@0M0200Second
antigen-binding site that specifically binds to human c-Met, characterized
in that said bispecific antibody shows-an internalization of ErbB-3 of no
nore than 15 % when neasured after 2 hours in a flow cytonetry assay on A43
1 cells, as conpared to internalization of ErbB-3 in the absence of

ant i body. | in ame ernboxﬂhrmntofothetiheerit'rmemid mmtiba«iiyi isrd bbathnt i aivaleng| ent or
trival ent, [ t] ' 0 r and
human c- I\/epglggér%rg(relésdt%oag %ﬁgg%?@\g ‘hgatl" i ?ﬁ%&g% almij Epgg‘% cally
bi nd t o husempHsipgoge anavmretlmtblgbng mtwdhat@pgcrlﬁealbﬂand @bmnam EdiB-§ bi nds
to human coplbne mlgeﬂqnﬁamwt@maﬁ s;fe&ﬁcmybmuﬂmaﬂa&@mtant' body is
preferably a trivalent, bispecific antibody specifically binding to hunman
ErbB-3 and_hunman c t corrp i.sing two antigen-bi ndi ng SI es that

speci fieal [ %enampg/g tEspinyention 2aichaRtbody IsgeFrfea iy ﬁgtrgfa &Lt hat
speci fi cal b%p%lﬁdsaﬂtibobyr@&cfﬁcmy bihdingn® &aipadli BdB-3 oind MhamafveMéton sai d

anti body is bi .val ent bi s ifi¢ aptibod b Q human
B bB. 3. and PERENYE VB ent B Pigina o Mol SRRty B HumlarC et dnd 8

speci fi cal thirdamiget-ditdingsitBhbBpecifical | obiedato hiugean GMwtli ng site t hat
specifically binds to human c-Met. One aspect of the invention is a

bi speci fi ¢ ghi BAPYAIRRAEbf ih‘é%ve)ﬁngh @QH'&QUB&HJ‘HWvﬁE&Bbé aific ButByayC - Met

corrpr|S| ng a first antigen-binding site that specifically binds to hurran

Er bB- 3 %ndsgp%f&aéiﬁcblaﬁpgg@rhumaﬁoﬁ %g %a@@hmatl CcsMiet FePHSing OBE FBELYL human
c- Met, chabaigy sitegdhatispebifically biitd Hunisht ErdBt3 gad ot A fén-BintmgaR@pr i ses
in the hea chaL janta l.e.domai n,a CDR3H regi on of SEQ I D NG 53 a CDR2H
regi on of @1“ Sdpguma B region of SEQ ID NO 55, and in the

i ght chain varlable dormain a CDR3L region of SEQ ID NO 56, a CDR2L region
of SEQ | D RoeSEpechind tiee @DBhtion B kn'sp@fﬁcsmtibloﬁ)ylﬂpieﬁﬁcadky indibBItb huegnon of

chai - var Sh1E e G E DI AT A B RO pfgpeélly e

binds to human ErbB-3 and a second antigen- b1nd1ng site that specifically binds to

human c-Met, characterized in that

1) said first antigen-binding site comprises in the heavy chain variable
domain a CDR3H region of SEQ ID NO: 53, a CDR2H region of
SEQ ID NO: 54, and a CDR1H region of SEQ ID NO:55, and in the
20 light chain variable domain a CDR3L region of SEQ ID NO: 56, a
CDR2L region of SEQ ID NO:57, and a CDRIL region of SEQ ID
NO:58 or a CDRIL region of SEQ ID NO:59; and
said second antigen-binding site comprises in the heavy chain
variable domain a CDR3H region of SEQ ID NO: 66, a CDR2H
25 region of, SEQ ID NO: 67, and a CDR1H region of SEQ ID NO: 68,
and in the light chain variable domain a CDR3L region of SEQ ID
NO: 69, a CDR2L region of SEQ ID NO: 70, and a CDRI1L region of
SEQ ID NO: 71.
1) said first antigen-binding site comprises in the heavy chain variable
30 domain a CDR3H region of SEQ ID NO: 60, a CDR2H region of
SEQ ID NO: 61, and a CDR1H region of SEQ ID NO:62, and in the
light chain variable domain a CDR3L region of SEQ ID NO: 63, a
CDR2L region of SEQ ID NO:64, and a CDRIL region of SEQ ID
NO:65 or a CDRI1L region of SEQ ID NO:66; and



region of, SEQID NO 67, and a CORIH region of SEQID NO 68, and in the

|l i ght chain variable domain a CDR3L region of SEQ ID NO 69, a CDR2L region
of SEQ | DVRi@010710555and a CDRI L region of SEQ ID NO 71. PCIDEPIEOM0F0NF St
antigen-binding site conprises in the heavy chain variable domain a CDR3H
region of SEQID NO 60, a CDR2H regign of SEQ ID NO 61, and a CDR H
region of SEQ ID NO 62, and in the light chain variable domin a CDR3L
region of SEQ ID NO 63, a CDR2L region of SEQ ID NGO 64, and a CDRI L region
of SEQ I D NO 65 or asafd¥ecqnd agigen-biidifg-Etd EdnNiDiseSin tha tsavydclméc ond

antigen-binding site ri ' i I bl in a CDR3H
regi on of SEQID mvagé%éf%%ﬁ&h&r%ﬁg]ﬁ%gg@/‘%@i%}?B% é@iﬁc]gﬁgﬁa CDRI H
regi on of SEQ | D NOregi®n o&ri¥EQ ADiVE: 67,ghd a6HAR hH vegiompf SEQIREINQ: 88.CDR3L

regi on of SEQ I D NO 89 1t 1iIHR%kaih 8FiPe bmBFQ EBRYP rediBn o?REQUIFDR L
region of SEQ ID NO_ 71, i specif c_anti bod¥ﬂ| S prefera
[

. Said b f f bly ,
characterized in t hatO; §9.aBRELregion /f PERHILINRGI/Aandia DRI FiefieB 9T as heavy
chain variabl e domaiSe@HEHON® NO. 47, and as |ight chain variable domain SEQ
I D NO 48, and said second antigen-binding site conprises as heavy chain

variable doqmjn SEQ1D.. 3, apd.as Light chai.n. variable domain a SEQ ID
NO 4, ii)%é1 t&nsl?eic&ctar%#ﬁiﬁg@rsﬁﬁa&)?%gc%a?qciergg I”l?gs as heavy chain
variable domain SEQ ID NO 49, and as light chain variable domain SEQ ID
NO. 50, and saiill secentfishaitgen-tvdiog site eimprisco aphdaygshain vagably chai n
variabl e domai n SEQ i NOSES R @9, dddOflighP@hdin Vaidnbbemsasid B SEQ I D

NO 4; 1ii) said first anti gen_— bi ndi ng site conprises as heavy chain
vari abl® domai n SEQ N Akpand gaidsgepndsantiggirbinding site\cQMPEISELASIARY n SEQ | D

NOQ 51, and said secshath waifiab@eidnktin 8 EQUDBNDE 3¢a1i4s 158 clidin Redable chai n
vari abl e domai n SEQ Ao%a'i\lr?a S%’Q ﬂfgld%&, | 1 ght chain variable
i) said first antigen-binding site comprises as heavy chain variable
domain SEQ ID NO: 49, and as light chain variable domain SEQ ID
15 NO: 50, and said second antigen-binding site comprises as heavy
chain variable domain SEQ ID NO: 3, and as light chain variable
domain a SEQ ID NO: 4;
i) said first antigen-binding site comprises as heavy chain variable
domain SEQ ID NO: 49, and as light chain variable domain SEQ ID
20 NO: 51, and said second antigen-binding site comprises as heavy
chain variable domain SEQ ID NO: 3, and as light chain variable
domain a SEQ ID NO: 4;
iv) said first antigen-binding site comprises as heavy chain variable
domain SEQ ID NO: 49, and as light chain variable domain SEQ ID
25 NO: 52, and said second antigen-binding site comprises as heavy
chain variable domain SEQ ID NO: 3, and as light chain variable
domain a SEQ ID NO: 4; or
V) said first antigen-binding site comprises as heavy chain variable
domain SEQ ID NO: 1, and as light chain variable domain SEQ ID
30 NO: 2, and said second antigen-binding site comprises as heavy chain
variable domain SEQ ID NO: 3, and as light chain variable domain a
SEQ ID NO: 4; or

Preferably said bispecific antibody is characterized in that



domain a SEQID NO 4; iv) said first antigen-binding site conprises as
heavy chain variable domain SEQ ID NO 49, and as light chain variable
domai n SBYORDINSSSE2, and sai d second anti gen-bi ndi ng sPCEFEPIMPIMOPBE as
heavy chain variable domain SEQ ID NO 3, and as light chain variable
domain a SEQ ID NO 4; or v) said fiurst antigen-binding site conprises as
heavy chain variable domain SEQ ID NO 1, and as light chain variable
domain SEQ I D NO 2, and said second antigen-binding site conprises as
heavy chai n vari adaldeficso antigenSiinD s coBprisescasasealy ghtinchasinble\damagb| e
domain a SEQ ID : ) I ! KXIABEE i . 415
characterized inl\%]%:h,s)z;i@%' ?"rsdgltﬁ agﬁ%?{tgéﬁ!@%&?%g&slﬁlg co n??_gbésﬂégn%eavy
chain variabl e dowid se®md pwigenbinding a5i¢ semprissst ac AgRYY vApingppBaie nai n SEQ

(D Na 51, and Sadhif S BN0IANTRA AT Shiif VAEBL! &faid BRQVID Chai n
variable domain SEQ ID NGO 3, and as light chain variable domain a SEQ ID
NO 4; I n one enddifient said bi specific anti body according to the
invention is characterized in conprising a constant region of 1gd@ or 1gG3

subcl ass I m one embodinteantsaididspecHiee anfibalyantedrday & cthe dinvgntion tibe
invention i.,s characterized.in_ th aj i bady_ ylated with a
sugar chai ?Paé?a%zﬁéér'? C%@?%B%%%‘?%“ﬁﬁ%ﬁ?ﬁg# tg?ﬁc%rsfgé\?m%!tu ﬁﬁﬁg&sai d sugar chain

is 65 %or lower. A further aspect of the invention is a nucleic acid
mol ecul e ehcoadiengmhodimenh sgid shispechios gaibadyc agenrilivgdye thei invention Her

aspect s of (fRetdeanhithR HUE aRAHRIB! RBERWEIIGRI WRRROSIgh CRaif WA n2ONY t he
bi specific ant]body accor ] hventi on, ?&3'(96% osition for the
t1°

di.ng to.fhe .
treat nht  wherehy theramquag of ficosg withinpayd sugarghajris $or the
manuf acture of a medicanent for the treatnent of cancer, a nethod of
treat ment af fuptet esplectsof therinngntiohoimacaundee abi mdheaculiesineoding asehain loif speci fi ¢
anti body to ¥ ﬁaé iiﬁnt tib% t he need of such treatnent. The anti bodi es
accordi ng o) P BEGHY AN gP{' show hi ghly val uabl e properties |ike
Still further aspects of the invention are a pharmaceutical composition comprising
the bispecific antibody according to the invention, said composition for the
15 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.

The antibodies according to the invention show highly valuable properties like
20  growth inhibition of cancer cells expressing both receptors <ErbB3> and <c-Met>,

antitumor efficacy causing a benefit for a patient suffering from cancer. The

bispecific <ErbB3-c-Met> antibodies according to the invention show reduced

internalization of ErbB3/antibody complex when compared to their parent

monospecific <ErbB3> antibodies on cancer cells expressing both receptors
25  <ErbB3> and <c-Met>.

Detailed Description of the Invention

A first aspect of the current invention is a bispecific antibody specifically binding
to human ErbB-3 and human c-Met comprising a first antigen-binding site that
specifically binds to human ErbB-3 and a second antigen-binding site that
30  specifically binds to human c-Met, characterized in that said bispecific antibody
shows an internalization of ErbB-3 of no more than 15 % when measured after 2



grow h inhibition of cancer cells expressing both receptors <ErbB3> and
<c-Met>, antitunor efficacy causing a benefit for a patient suffering from
cancer. TWO 2piogigesefi ¢ <Er bB3-c- Met > anti bodi es accor di RGTER2e1080300¥ent i on
show reduced internalization of ErbB3/antibody conplex when conpared to

t heir parent nonospecific <ErbB3> antgbodi es on cancer cells expressing
both receptors <ErbB3> and <c-Met>. Detailed Description of the Invention A
first aspect of the current invention is a bispecific antibody specifically
bi ndi ng t ohbumsen aHlGB-c3tommryhassay oo-A431 cadlspas somppred to mgernalmtatigerofbi ndi ng
site that | ' 1:.Q. . and a second anti gen-bi ndi ng
site that s%g@gcﬁflbc %Qée]ﬁ!len%g%altdgm%% a?hpgqf characterized in that said

bi specific_anti body shows an internalization of ErbB-3 of no nore than 15 %

when neasurdbds die veptigruissdirepted 9 évblwpkﬁmmgbogs dhg spacifigdly bidsdo as

conpar ed tﬁufnaﬁem@u Z Rimeh EMRB-Bniphisinpe a aSENGRg&-binding Bt neai fic
ant i bodg Thus_t {)nventl nis |re§t ed to a bi sgeclfl ¢ anti hody, that
al

speci fi sRecfiGily Podp RaRuEPp BEDB1A 2kl fa feonie enttashginding gsite #hatst
anti gen- bi sp‘hcﬂgcaﬂytmnam(b mpes tiMed |vyhdb¢1ﬂdheth)sﬂ‘ddffaﬂaﬁﬁﬁlﬁ-y30aim& ansecond

anti gen- bi ndi n ?1%%(55}&15“ @ Fo%e&' érb% I(% Rhﬂdé rg tﬁ/%t \gg‘@el n the

bi speci fi c "5AY an i ncrease neflerna | 78XY on o “3 on A431
cells of nomeasured tafien 1 HHWookha3 Ineeld antdwdafmembanohmarmgasumdsbyla flow

cell-antib i r . econpared
Qggﬁg{t Iﬂ'g;i{g%*}} Q8 cgm e A4§ﬂenlﬂ>)ﬁz idd BYPVEFHH-S )(4??% Ys ind nmp

to internal Er bB- sint easenceo ant 1 ody In
one enbddi Akienceal antipdyeci fic antibody specifically binding to human
Er bB-3 and hunman c-Met conprising a first antigen-binding site that

speci fi cal iy ohé eﬂsodlﬁhdnum bEsrpbaﬁa aaﬁsoda_y ﬁﬁ@ﬁ%dllﬁﬁidd@@toblhlﬁdémgrlﬂ?-t;e t hat

f [ 1 t i d fi
Pt body s AEulE citel P ded B A erbaph O Ble 55 vt § sadlplnc ' ©
measur ed ahtman ErbBr and m secoinkd gantiggnt-bimdingysiwsthatyspeoi fiddlBy hlm:le Itd hpmas

conpared tgQ MQtt @rcjﬂ aiclsﬁgécpfh fiat g‘j E%l%eb tzﬂx‘ﬁb%&? o 1rﬁ pﬁlf]]%ﬂ ific

anti bod I'n I ment sal ecific ant| spec i ndi ng
to humk EE@EB é %fn@p menathas Nbte whepmegpyigd aftes Pshou@mm @élﬁ%memgya te

that speci hisadldnyAB3 Nd8ild As compared to internalization of ErbB-3 in the absence of
said bispecific antibody.

In one embodiment said bispecific antibody specifically binding to human ErbB-3
and human c-Met comprising a first antigen-binding site that specifically binds to
20  human ErbB-3 and a second antigen-binding site that specifically binds to human
c-Met is characterized in that said bispecific antibody shows an internalization of
ErbB-3 of no more than 7 % when measured after 2 hours in a flow cytometry
assay on A431 cells, as compared to internalization of ErbB-3 in the absence of

said bispecific antibody.

25 In one embodiment said bispecific antibody specifically binding to human ErbB-3
and human c-Met comprising a first antigen-binding site that specifically binds to
human ErbB-3 and a second antigen-binding site that specifically binds to human
c-Met is characterized in that said bispecific antibody shows an internalization of
ErbB-3 of no more than 5 % when measured after 2 hours in a flow cytometry

30 assay on A431 cells, as compared to internalization of ErbB-3 in the absence of
said bispecific antibody.

The term “the internalization of ErbB-3” refers to the antibody-induced ErbB-3
receptor internalization on A431 cells (ATCC No. CRL-1555). as compared to the



human ErbB-3 and a second antigen-binding site that specifically binds to
human c-Met is characterized in that said bispecific antibody shows an

i nt er nal iwat20w16§52Er bB-3 of no nore than 7 % when neas®BCEEPAINH208S hour s
in a flow cytonetry assay on A43 1 cells, as conpared to internalization of
ErbB-3 in the absence of said bispecigic antibody. In one enbodi nent said
bi specific anti body specifically binding to human ErbB-3 and human c- Met
conprising a first antigen-binding site that specifically binds to hunman
Er bB- 3 andimeragiéandn aﬂ“tEran} i ek atspescet ef amtiiodypBacH imtednblzdtionds the hunan
c-Met is c t& e th

I nternal i zg?g%ﬁ 'S epé) l%dUCF @Bﬁﬁéb?lg{}%‘ﬁgg%é%?%vﬁ rgccgﬁﬂyﬁﬁ)htg@g?%ﬁloﬂ hour s
in a flow ayd srscaspredsafier Hhowadn acBow sytaretooagsay €BACS) iapdesqideddat i on of

ErbB-3 in EQ&nﬁQSSeWﬁh%écxﬁ@hlqtﬂmﬁ'%%rﬁh@ tﬁ@ﬁﬁ\)@:ﬁgbfn sﬂ_(hﬁ's Mfd?ém&l%tlon

i nternalizafiqn refers to ant] b I nduced ErbB-3 receptor
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conpar EY t & aftie meretheal 3 %atTPdiﬁt@TmlEr wether |anb1§mlf%fb§ H QMetaantibedry. | n
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than 10 % I n, one enbadi ne sai d anti bod nt.er nal of
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internali zaMeoanﬁliodgzrbB} I&Aqi24ndbsaiﬁmsee1 bélaw. To%deternting everhdrea bivpbeifica
bISpeCIfIC

ant i shows _an lnt of . Erb 3 of 10 %
or |ess af I“BR“M Ve ar ! te’i’}a?%"awn @r%:?pg dso(?n " lefc’sf ogvecytomat ry
assay (SZACSQumon m43ﬂ ecells #pao ibkicompateB3n adlvmt cytomictyp dysayidE ACAD Mthdbscr i bed
bel ow. To @H@ ti body shows an
I nt ernal i zgft%f)on op%gﬁ%hgéo?ﬂgd % 0 o ﬁgég%?ter g&/ﬁ%)lu?g on AA3 1 cells it
can be corrpared in a flow cytonetry assay. (FACS) with the_bispecific ErbB3/
cMet anti b&&9 Ww%ﬁgh@e%¢nt%wn on i Disprsi epntihody specaficallydipding ent

i nvention {eShambh FIEBIT hd AbkdabasVies Regipfikiag!d Yirdli avdigagbinding site that
specifically binds to human ErbB-3 and a second antigen-binding site that

20  specifically binds to human c-Met, characterized in that said bispecific antibody
reduces the internalization of ErbB-3, compared to the internalization of ErbB-3
induced by the (corresponding) monospecific parent ErbB-3 antibody, 50 % or
more (in one embodiment 60 % or more; in another embodiment 70 % or more, in

one embodiment 80 % or more), when measured after 2 hours in a flow cytometry

25  assay on A431 cells (ATCC No. CRL-1555). The reduction of internalization of
ErbB-3 is calculated (using the values measured after 2 hours in a flow cytometry
assay on A431 cells) as follows: 100 x (%internalization of ErbB3 induced by
monospecific parent ErbB-3 antibody - % internalization of ErbB3 induced by
bispecific ErbB-3/cMet antibody)/ %internalization of ErbB3 induced by

30 monospecific parent ErbB-3 antibody. For example: a) the bispecific ErbB-3/cMet
antibody MH_TvAb21 shows an internalization of ErbB-3 of 1%, and the
monospecific parent ErbB-3 antibody Mab 205 shows an internalization of ErbB-3

of 40 %. Thus the bispecific ErbB-3/cMet antibody MH_TvAb21 shows a
reduction of the internalization of ErbB-3 of 100 x (40-1)/40 % = 97.5 %; b) the

35 bispecific ErbB-3/cMet antibody MH_TvAb2S shows an internalization of ErbB-3
of 11 %, and the monospecific parent ErbB-3 antibody Mab 205 shows an



to human ErbB-3 and human c-Met conprising a first antigen-binding site
that specifically binds to human ErbB-3 and a second antigen-binding site
t hat specwDi20eV11y55Ri nds to human c-Met, characterized i RCTHRR0194D2905

bi specific anti body reduces the internalization of ErbB-3, conmpared to the
internalization of ErbB-3 induced byjphe (correspondi ng) nonospecific
parent ErbB-3 anti body, 50 % or nore (in one enbodinent 60 % or nore; in
anot her enbodi nent 70 % or nore, in one enbodi mrent 80 % or nore), when
measur ed aintenalZahonraf ErbBa3f 6DWOCHt @ired tye dsspagifionEABI3/chbdt| atibadCC No.

e SN A G ST BB o g (Lo
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In one embodiment of the invention said antibody is a tetravalent, bispecific

antibody specifically binding to human ErbB-3 and human c-Met comprising two
20  antigen-binding sites that specifically bind to human ErbB-3 and two antigen-

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

sites that specifically bind to human c-Met inhibit the c-Met dimerisation (as

described e.g. in WO 2009007427).

As used herein, "antibody" refers to a binding protein that comprises antigen-
25 Dbinding sites. The terms “binding site” or “antigen-binding site” as used herein
denotes the region(s) of an antibody molecule to which a ligand actually binds and
is derived from an antibody. The term “antigen-binding site” include antibody
heavy chain variable domains (VH) and/or an antibody light chain variable
domains (VL), or pairs of VH/VL, and can be derived from whole antibodies or
30 antibody fragments such as single chain Fv, a VH domain and/or a VL domain,
Fab, or (Fab)2. In one embodiment of the current invention each of the antigen-
binding sites comprises an antibody heavy chain variable domain (VH) and/or an
antibody light chain variable domain (VL), and preferably is formed by a pair



site that specifically binds to human c-Met. In one enbodi nent of the

I nvention said antibody is a bivalent, bispecific antibody specifically

bi ndi ng twohlaméns’debB- 3 and human c-Met conprising a fi PST/ERR10§62905 ndi ng
site that specifically binds to human ErbB-3 and a second anti gen-bi ndi ng
site that specifically binds to humamic-Met. In one enbodi nent of the

I nvention said antibody is a tetraval ent, bispecific antibody specifically
bi ndi ng to human ErbB-3 and human c- Met conprising two anti gen-bi ndi ng

si t es t hat capstng iof ah laytibodydlighy chaimararigbleBlodnaam (Vipendian agtghdiyritiang sit es

t hat speci fi.¢ ' . n c-Met, wherein said antigen-binding sites
t hat speci %agrg*/%ab%% %gn%lg (ﬂu an c-Met inhibit the c-Met dinerisation (as

descri bed e.g. in WD 2009007427). As used herein, "antibody" refers to a

bi ndi ng pr Betélien te priibodyderivedantigenibieding pitasrigsoshindiag pepiédes @ Agscribpddi ng
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derived antigen-binding sites also binding peptides as described e.g. in
MVat zke, A.

speci fi cal F‘i}’(ﬁoﬁ Z!ﬁls‘? Bnc‘g”ﬁngg%\(':ggk%g ?@%8'% @g%éie)‘lké]’%ﬁﬁvg bf’é((?)é)eﬁ&hg%g)bo&% of the
current i nfasian),dPRBB3 aHERSp8EIS ID;Nﬁ_»:ﬂ_d]’ isgnﬂnbmchbeumppnjtéiho’di_itlyhaﬂ mding to
huren, & Oy MRl GEPY ke IR mB amRa el Sl
bi nds k% hbipanNetl\Aead. Baiud).8-4. 86t (88998t Flewae, &D-r etral., PieceMatlon is a
bi speci fi cABAIHANIUPA e8| (@9smEMIIsLe;aK hsh PMIEAL., I BiobkeFRNBRpAGs. Rénd human
c- et Conp&r%'mr{%. {il9f1 ? 1t9|9g)e 1n1_§39|-8’%| Ptgthgrle%o?e E:Qna{)ma %%g’ Ilifglar(lif1 Ll!lty nol% Iconrgvsey the
signal into the cell through protein phosphorylation. However, it does form
heterodimers with other EGF receptor family members which do have kinase
20  activity. Heterodimerization leads to the activation of pathways which lead to cell
proliferation or differentiation. Amplification of this gene and/or overexpression of
its protein have been reported in numerous cancers, including prostate, bladder, and
breast tumors. Alternate transcriptional splice variants encoding different isoforms
have been characterized. One isoform lacks the intermembrane region and is
25  secreted outside the cell. This form acts to modulate the activity of the membrane-
bound form (Corfas, G., et al., 7 (6) (2004) 575-80). It is thought that ERBB3,
when activated, becomes a substrate for dimerization and subsequent
phosphorylation by ERBB1, ERBB2 and ERBB4. Like many of the receptor
tyrosine-kinases, ERBB3 is activated by extracellular ligand. Ligands known to
30 bind to ERBB3 include heregulin.

The antigen-binding site, and especially heavy chain variable domains (VH) and/or
antibody light chain variable domains (VL), that specifically bind to human ErbB-3
can be derived a) from known anti-ErbB-3 antibodies as described e.g.
WO 97/35885, WO 2007/077028 or WO 2008/100624 b) from new anti-ErbB-3



to human c-Met and a binding peptide that specifically binds to human
ErbB-3. ErbB-3 (al so known asV-erb-b2 erythroblastic | eukem a viral
oncogene WOr6106g53F2( avi an), ERBB3, HER3; SEQ | D NO 46) PETFPamoamsobound
protein which has a neuregulin binding domain but not an active kinase
domain (Kraus, MH, et al., Proc. Npgl. Acad. Sci. U S. A 86 (1989)
9193-7; Plowran, G D., et al., Proc. Natl. Acad. Sci. U S. A 87 (1990)
4905-9; Katoh, M, et al., Biochem Biophys. Res. Conmun. 192 (1993)
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(Dean, M ,NuHensy, andnganGerespigas (o10isy ormns éme*@ﬁaﬂs ME 15 deregilatedpit ogene 1

( 1987) 22%&%/ Mg%@i ofih@map). fraligr@hcias, - inclbding NaBcezd bf (klcﬁﬁ:il) 118&2—s$ma&al di ni,

-, et al Breast, andJ brain. ONormally, only stem cells and progenitor cells express MET,

20  which allows these cells to grow invasively in order to generate new tissues in an
embryo or regenerate damaged tissues in an adult. However, cancer stem 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 antigen-binding site, and especially heavy chain variable domains (VH) and/or
25  antibody light chain variable domains (VL), that specifically bind to human c-Met
can be derived a) from known anti-c-Met antibodies as describe e.g. in
US 5686292, US 7476724, WO 2004072117, WO 2004108766, WO 2005016382,
WO 2005063816, WO 2006015371, WO 2006104911, WO 2007126799, or
WO 2009007427 b) from new anti-c-Met antibodies obtained e.g. by de novo
30 immunization methods using inter alia either the human anti-c-Met protein or

nucleic acid or fragments thereof or by phage display.

Another aspect of the invention is a method for the selection of a bispecific

antibody according to the invention, comprising the steps of



(1991) 2867-78; Maulik, G, et al., Cytokine Gowh Factor Rev. 13 (2002)
41-59). MET is a nenbrane receptor that is essential for enbryonic

devel opneWwoO 281l 1%&and heal i ng. Hepat ocyte growt h fact or PCHEPR01080200® onl y
known |igand of the MET receptor. MET is nornmally expressed by cells of
epithelial origin, while expression-pf-HGF is restricted to cells of
mesenchymal origin. Upon HGF stinmulation, MET induces several biol ogical
responses that collectively give rise to a programknown as invasive
growt h. Abe)anemslring-theaintarvaizaton ofi EceBrdeon AdB T etlid @"ST@C'[NIO ;ﬁbL 1p66pnosi s,
wher e aber. W act T yn r bl ood
vessel s (aﬁé‘?‘%&e"r@%ﬂs‘%’ﬁfﬁﬁ arl Eﬁﬁfgﬁdﬁ{l%{’r@%r%%% iﬂ%{ngnm éﬁ %Vncer
spread to Q)'NmW)oragSiibfs(F(%h@S a@r@)aredlvET thes llttélfﬂéblﬁt@ne@f ErbBranyn theoes of
human nal 'ﬂ:@@r(b%'o?%nﬁbd?ﬁr' udi ng cancers of kidney, liver, stomach, breast,
and brain. Normally, only stemcells and p

whi ch al | dﬁz/)/sln?%e@eg & m&e%l Hemvof FveBiPva 949 ﬁré'e'ﬁ%g(re“rﬁf@ T‘&ér@? r elz%ﬁbw
tissues ![ﬁn&rﬂ(ﬁiﬁbytﬁﬁle&?ﬁﬁﬁg@ﬁ(m)@dﬁ%g?ﬁebgﬁﬁi&?‘lyj n an adul t. Hovvevlelr, t
cancer s s are e stemcells to
expr ess Eﬁh% ﬁd’és%%‘%‘&??é‘thpﬂ& li'B’]w Sc“é‘n‘é’L ﬂéf’gﬁ’%f)gﬁn@ég Thread to
ot her si t emoiertham@s Body Ad¥ecedistaifige A -Hoursdo frantibod e exposdreespanpdred tdheavy

chai n Va“tﬂ?hﬁerﬂ IBﬁ o?g'r'QB %qg/t b%@ﬁde%%)ﬂtlﬁé t chain vari abl e donmai ns

(WL), that speC| d to "be derived a) from known
anti-c-Met anti bod| es as descri be 69&3 in US 5686292 US 7476724, WO
2004071@1 1in ongembodiman adespepidicantibodys wheh shews gnsmermshztiopof FobBe1 5371, WO

20?6é0391 &fngY@o?@%ZﬂaﬁT*@@s s&écté@lﬂ%@@ﬁﬁ)@aﬁ?&ﬁ aftflgmﬁﬂg%rﬂﬂbbﬂy Qv}ﬁ?{ |

anti bodi es,obt ai ned e ni zation ods, u inter alia
ei t her theSIAYSeAD é&‘r}f’ﬁna@ Wé% ?)Eﬁ@g% BE]I‘UHUE‘I"@‘? éhaé‘c oo §4 3‘?%%‘{“5 ther eof or
by phage chmtpﬂdaynenmmmlsﬂm:ﬁcamﬂﬁmﬁyovhltlhdmwwantntmallzatlan wé Enlelsl-3f afi nd he

sel ection | SPeCi ntlbody according to the invention, conprising
t he stepsrg e)qhdﬁiegs/‘g% Sefe&te e internalization of ErbB-3 on A431 cells (ATCC

No. CRL-1 SSSL i nduced b a bispecific anti-ErbB-3/anti-c-Mt antibody
af ter 12 hotmathemaspee ofythy duvastiey iass methadafim) thes salentioar efd at yspastfic

internali Z@a&lb@&'y%coﬁnb%r&hbnnaehﬁo@%ﬁ{ml fthé‘&k%@@ldy, b) neasuring the
internalization of ErbB-3 on A431 cel (ATCC CRL- 1 555)

a) measuring the internalization of ErbB-3 on A431 cells (ATCC No. CRL-1555)

induced by a biscpecific anti-ErbB-3/anti-c-Met antibody after 2 hours in a flow

cytometry assay (FACS) as compared to the internalization of ErbB-3 in the
20  absence of antibody,

b) measuring the internalization of ErbB-3 on A431 cells (ATCC No. CRL-1555)

induced by the corresponding monospecific anti-ErbB-3 antibody after 2 hours in a

flow cytometry assay (FACS),

¢) selecting a bispecific antibody which reduces the internalization of ErbB-3,
25  compared to internalization of ErbB-3 induced by the corresponding monospecific

parent ErbB-3 antibody, 50 % or more (on A431 cells after 2 hours ).

In one embodiment a bispecific antibody which reduces the internalization of
ErbB-3, compared to internalization of ErbB-3 induced by the corresponding
monospecific parent ErbB-3 antibody, 60 % or more is selected. In one
30 embodiment a bispecific antibody which reduces the internalization of ErbB-3,
compared to internalization of ErbB-3 induced by the corresponding monospecific
parent ErbB-3 antibody, 70 % or more is selected. In one embodiment a bispecific

antibody which reduces the internalization of ErbB-3, compared to internalization



ina flow cytonetry assay (FACS) in the absence of antibody, c) selecting a
bi specific anti body which shows an internalization of ErbB-3 of no nore
than 15 worom3sss2cel | s after 2 hours of antibody expoPCTEP2E06MPAred t o
the internalization of ErbB-3 in the absence of antibody. In one enbodi nent
a bispecific antibody which shows anignternalization of ErbB-3 of no nore
than 10 %is selected. In one enbodi nent a bispecific antibody which shows
an internalization of ErbB-3 of no nore than 7 %is selected. In one
enbodi rrentofaEﬂiBspaﬁihided an the ootyesphndihg shenuspeuific pasnn ArbBaX anstiboaly, Er bB- 3
of no rmreg({‘lg %'Eeléc%cf(:t ed. Another aspect of the inventionis a

' dE

nmet hod for '8¢t Ton a bispecific antibody according to the

invention, conprising the steps of a) neasuring the internalization of
Er bB- 3 on Ad@hercaspest pAtteCimngntiaris 238pecifisdatdgdyyspacificaliy biding to

ant i - Er bB-R{ i iEr6B bean@rﬂdnbgﬂx MEL 85mprifiRY =S firt amfgeavtsl&dahg el thaassay
(FACS) as corrpar ed to the |nternag| zatiqgn e absen

anti body, $PFCi él;%rl?‘%f ¢ hyme 51EBr S, And oA ﬁcoﬁfb@tige%ﬁlm SUg| ﬁ’g‘ (ATCC

No. CRL-1 %’émcam;dumadtobyurhhec -D6t) apeRdizegimbpaospeci fic anti-ErbB-3
anti body after 2 hours inaflowcytonetry assay (FACS), c) selecting a

bi speci fi ¢ ant i)bOdy qad r%}émgduﬁ 1ndt1 %ﬂe %c?_lr{égr?slelszlgtt}ll %FQ& 5raPnBv§ﬂab(fgnpar ed

to internalization uce correspon NONOSPECTH f i
parent ErbB-3 anti bdemains5d CRRFH megien (chrSEQSDlN@eISBS aa@DBrZHZrdM of ). In

one enbodi ment a bi gp rﬂN@asmt w@gxcmm Bg,@ﬁuﬁsﬁqtﬂfwmwrmllh%ﬁél on of

ErbB-3, conpared to I nternalization of i nduced %bt e correspond| ng

nonospéci fi ¢ par ent lightyghan amqb&)égma@oa %Qﬂnnﬁ’rgéorl ef SE & dne
enbodi ment a bi specCDR2IARIdPOY SBOI IDNRSILGRE 4 COR I RigieH d)tZsEQOIﬂD of

o B 5 corbared Loggnigrnal | 2L pf R Sl ieed Y \pgafor epponding
enbodi ment a bi specidid cseeond badigenvbircing esdacemnpﬂr&m mt eheneﬂaaz;at cham of
Cbe. S, oqreered, viThgl okl eniy il St nd B e scepfesponc 1
aspectlof the inventdgim ¢fs SEQIL3 67, énéﬁﬂ%w regiere Pf PERI IB/NB:6di ng to
and in the light chain variable domain a CDR3L region of SEQ ID
NO: 69, a CDR2L region of SEQ ID NO: 70, and a CDRIL region of
SEQ ID NO: 71;
ii) said first antigen-binding site comprises in the heavy chain variable
20 domain a CDR3H region of SEQ ID NO: 60, a CDR2H region of
SEQ ID NO: 61, and a CDR1H region of SEQ ID NO:62, and in the
light chain variable domain a CDR3L region of SEQ ID NO: 63, a
CDR2L region of SEQ ID NO:64, and a CDRIL region of SEQ ID
NO:65 or a CDRIL region of SEQ ID NO:66; and
25 said second antigen-binding site comprises in the heavy chain
variable domain a CDR3H region of SEQ ID NO: 66, a CDR2H
region of, SEQ ID NO: 67, and a CDR1H region of SEQ ID NO: 68,
and in the light chain variable domain a CDR3L region of SEQ ID
NO: 69, a CDR2L region of SEQ ID NO: 70, and a CDRIL region of
30 SEQ ID NO: 71.

Another aspect of the invention is a bispecific antibody specifically binding to
human ErbB-3 and human c-Met comprising a first antigen-binding site that
specifically binds to human ErbB-3 and a second antigen-binding site that
specifically binds to human c-Met, characterized in that



human Er bB-3 and human c-Met conprising a first antigen-binding site that
specifically binds to human ErbB-3 and a second antigen-binding site that
speci fi cavbypotwnas2t o human c- Met, characteri zed i n tharcr)eEps@ioadofons st
antigen-binding site conprises in the heavy chain variable domain a CDR3H
region of SEQ ID NO 53, a CDR2H regijgn of SEQ ID NO 54, and a CDR H
region of SEQ ID NO 55, and in the light chain variable domin a CDR3L
region of SEQ ID NO 56, a CDR2L region of SEQ ID NGO 57, and a CDRI L region
of SEQ | D NO 5&idfira aﬁf@d:bm&g,igcme@bmﬁﬁﬁgsliﬁ)tlh\&)méiQy chaidl vafialsle domairta

egi on of . SE PO Ty SERab NG P G By RSB N, B
regi on of SEQ & ODNIH 6&giomnfiSEQ Iﬂ]"lH(] $yhnd mhmerhghalchamlverldﬂﬂdomam CDR3L
region of SEQ b@lﬁgreg%jn a| chgdéogcﬁmi ﬁﬁ@ N2E 9D NS 78adR L

regi on of irsdt anti ng site conprises in

t he hedvy chal ﬁDFelmr&moequ HarCégR regiong$EQ IRANOBY; ard CDR2H
regi on of SEQ kdx NEcofRil anfiféh C%‘hﬁté ROIPAs&S imkke Hea cﬁ@m aﬁ(ijaﬁlé‘ t he
UWYP

l'i ght chain vari abl e re S L region
of SEQ I D NO 64°maf gﬁ%ﬁ]?&? E 1%5%%? 4§ ﬂgﬁ%@ﬁlr“’&" on of
SEQ I D NO 66; w@i 67iafd seCORI Hnégige of (SBQIIDINSX 168, andr |t1$aalag]nmcltalile heavy
chain variabl e ion of 6, on of,
SEQ 10 No 67, AT Bofat X E DR Ao Sor SE I8N 00 SRR R e
vari ablle domai BEQ Im79@1dm’CBR1$E@IDDONGEQ6@) N§: CbR2L regi on of SEQ ID
NGO 70, and a CDRIL region of SEQ ID NO 71. Another aspect of the

i nventi on Aﬁotﬁexbhs%ﬁ@&bf 'tlfe flvehti@Ys %Hﬁ%éciff@hﬁt&bo@?%b&ﬁc&lﬁf ByES, & bB-3 and
human c- Met conprjsing first antigen-hindin eC|f|ch%ItIy bi nds

to human Erymas Eghl-3;28 éBﬁ‘?EP“aﬁtMﬁteﬁmBPHE}P&ga %rﬁea@twgp indihg site |

specifically binds to human ErbB-3 and a second antigen-binding site that
specifically binds to human c-Met, characterized in that

15 said first antigen-binding site comprises in the heavy chain variable domain a
CDR3H region of SEQ ID NO: 60, a CDR2H region of SEQ ID NO: 61, and
a CDRI1H region of SEQ ID NO:62, and in the light chain variable domain a
CDR3L region of SEQ ID NO: 63, a CDR2L region of SEQ ID NO:64, and a
CDRI1L region of SEQ ID NQO:65 or a CDRI1L region of SEQ ID NO:66; and

20 said second antigen-binding site comprises in the heavy chain variable
domain a CDR3H region of SEQ ID NO: 66, a CDR2H region of, SEQ ID
NO: 67, and a CDRI1H region of SEQ ID NO: 68, and in the light chain
variable domain a CDR3L region of SEQ ID NO: 69, a CDR2L region of
SEQ ID NO: 70, and a CDRI1L region of SEQ ID NO: 71.

25  Said bispecific antibody is preferably , characterized in that

1) said first antigen-binding site comprises as heavy chain variable domain
SEQ ID NO: 47, and as light chain variable domain SEQ ID NO: 48, and
said second antigen-binding site comprises as heavy chain variable
domain SEQ ID NO: 3, and as light chain variable domain a SEQ ID
30 NO: 4;
ii) said first antigen-binding site comprises as heavy chain variable domain
SEQ ID NO: 49, and as light chain variable domain SEQ ID NO: 50, and

said second antigen-binding site comprises as heavy chain variable



specifically binds to human c-Met, characterized in thatsaid first
antigen-binding site conprises in the heavy chain variable donmain a CDR3H
regi on ofwBBQWIDsND 53, a CDR2H region of SEQ I D NO 52CTawrdoia/oCoRs H
region of SEQ ID NG 55, and in the Iight chain variable domain a CDR3L
region of SEQID NO 56, a CDR2L regijgn of SEQ ID NO 57, and a CDRI L
region of SEQID NO 58 or a CDRI L region of SEQ ID NO 59; and said second
antigen-binding site conprises in the heavy chain variable domain a CDR3H
regi on of SEQ | Dddaiaif SEQRIGDRIH3 egd @ light cIBiA) viaRaie©X dobain an$EQ ICDRI H
regi on of SEQ I Dhlt@4_68, and in the light chain variable domain a CDR3L
region of SEQ ID NO 69, a CDR2L region of SEQ ID NO 70, and a CDRI L

regi on of SEQ iil) shid fifgl antigeottheding sjje compfisdsias Heavenbdinrvarigbla doimspeci f i ¢
anti body specifi A r . GO ising a
first antigen-bi %Q?ﬁ?’e‘k{q’%ﬁ?%ggm ?l,gaﬁggﬁkﬁﬁgﬁ&%wasg& and a
second Sant i gen- bisaidi ferosit antigeatbindiag i fiecedmnPrises nass heavyh ghein ranable
characterized in dogpdin SEQP1HI NSt 328hd 9 Mipghi BKHiAGafihble d&ﬁmﬁiaSSE%iIlID the
heavy chain vari a}\?ée domain a CDR3H region of SEQ ID NO. 60, a H region
of SEQ ID NO 61, nt% a CDR H region of SEQ ID NGO 62, and in the |ight

chai n vari abl eicaRl firsaafiiFedtbindigg cite 0dbmphisgsld9 H¥ayy GRain avafibhigldoragn on of
SEQ I D NG 64, an . i f..S I 6 I .egi of SEQ

I D NO 66; and sa%cﬁ%ggﬁl%' %ﬁ%?ggﬁﬁﬁ?tncgﬂgﬁgpagyﬁg dg)g?r?ﬁrrl ?g@ iﬁ({ﬁsg %@%vy chain
vari abllle domai n @aidDR3tdnd egitigendfindimD sit® MONPBEs 28 GBRAH chaigi variable SEQ | D
Na 67, and a CORBACEERISNGES bt MOuahB chdfidakif onkdif Al SEQA

vari abl e domain a_ CDR3L region of SEQ ID"NO 69, a CDR2L region of SEQ ID
NO 70, and a CDR¥Q: 4e¥ion of SEQ ID NO 71. Said bispecific antibody is

preferably , ﬁh)arsamtﬂlrsjt mogeh_rbiﬁclhag sitd c_§1@bﬁsl%ésidsgieﬁ%ﬁbhzgﬁrvaﬂhméidalg;aai te o
conpri ses as heay in.variabl e.domain 2 s, light chain
vari abl e domai n S%éﬂf]%lﬁ% ??4%‘} %Hg@gﬁ%ﬂms%gmf %\W?‘Bﬁ%ﬁﬁgﬂ g 2sh
conprilSes as heawygidchedondvartigehibéndingresite Qiprlidos N§ h8avyartlaias vaniapihe chai n

variabl e domain g.pEQ b%d\l% No: 3, and as light chain variable domain a SEQ ID
NO: 4; or

Preferably said bispecific antibody is characterized in that

said first antigen-binding site comprises as heavy chain variable domain

20 SEQ ID NO: 49, and as light chain variable domain SEQ ID NO: 51, and
said second antigen-binding site comprises as heavy chain variable
domain SEQ ID NO: 3, and as light chain variable domain a SEQ ID
NO: 4.

Antibody specificity refers to selective recognition of the antibody for a particular
25 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
specificity, the recognized epitopes may be associated with a single antigen or with
more than one antigen. Antibodies of the present invention are specific for two

30 different antigens, i.e. ErbB-3 as first antigen and c-Met as second antigen.

The term “monospecific” antibody as used herein denotes an antibody that has one

or more binding sites each of which bind to the same epitope of the same antigen.



i) said first antigen-binding site conprises as heavy chain variable
domain SEQ ID NO 49, and as |light chain variable domain SEQ ID NO 50, and
sai d secow0 2ami1g®R- bi ndi ng site conprises as heavy chaPoTERRé@IBIDMRI N
SEQID NO 3, and as light chain variable domain a SEQID NO 4; iii) said
first antigen-binding site conprisesias heavy chain variable domain SEQ ID
NGO 49, and as |ight chain variable domain SEQ ID NO 51, and said second
antigen-binding site conprises as heavy chain variable domain SEQ ID NO 3,
and as | i ghtie whai‘waleat”i sshised dathin theacuBfe aipliv@ionderiords thaipdesengesef a

ant i gen- bi ' I D NO
35, and ac i Sl AihaER AT 1A ESP {EAT R MU BeSERhe

ant i gen- bi Mvaigmtéu ‘teiravalept’s aed “hexavielant) demeie the/presease ef omhindingese; D NO. 3,
and as i gﬂ%gr Giaidg RS, AR!sP BRaRgiRs $E§Bebtple|wj 'in 4n aﬁﬁb rﬁ@le@uﬁ:' TR

antlgen bi n si'te conprises as heav chai n ra IDNO 1,
and as 3 i gtﬂﬁpe@ antipadics Breordiggde th ‘SE’QW‘ES’W a??eaétn lg%lf“&f §88

ant i gen- bi ‘Al 41entSiok emaRiVAldnEEE. S tdhaaNgntC bai Rexatileay).e domain SEQ I D NGO 3,
and as light chain variable domain a SEQID NO 4; or Preferably said

bi specific antlbod cha 2ct ri A n that di
site conpri n%éléq&\}?gcﬁ " vghlzgéfblotaﬁongl tr}?ggi':% Hﬁgrilcf e b&gﬁld%?ag : ng
chain vari aimll;demiomanty mﬂlmnmg@n& (@aBS)s‘ah@h%m@thealm‘iagﬂng iseggeng SI te
conpri ses t%sthggﬁﬂtép th nﬁé‘B éefoq(aﬁﬁ%&l SRt eﬁ)e Mifee BeaB Qma?t?vliﬂlaﬂhé chain

vari abl e domain ecificity r fers to selective
recogni® i ofpregint GERg %’dﬂ/ F@Rléz Pt pém}&r ayl thpe 1 E@t éﬁlia‘é‘nf’?‘gaz’ﬁ Nat ur al
anti bodi esgorh&lh mmtmmreumnocﬁﬂe@nkm) ThBI eﬁ(&ﬁﬁ bf CDRahd raticesik
accordlngtoth? g | on ar antlbodle i ch ﬁé@ta&?\éodfferentd
ant i gen- bi &Ry E% eE“l"E“l“éeéi W%P%aré?ﬂn ta|°r5’ I Ott AN A
speci fi ci tgequérves irewhghithesd regivholhes bray definalssocidatgstd variability smogg e
antigen orth\évI steauences Also included within the scope of the invention are functional
15 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.

IgG like bispecific, bivalent antibodies against human ErbB-3 and human c-Met

20 comprising the immunoglobulin constant regions can be used as described e.g. in
EP Appl.No. 07024867.9, EP Appl.No0.07024864.6, EP Appl. No0.07024865.3 or
Ridgway, J.B., Protein Eng. 9 (1996) 617-621; WO 96/027011; Merchant, A.M, et
al., Nature Biotech 16 (1998) 677-681; Atwell, S., et al., J. Mol. Biol. 270 (1997)
26-35 and EP 1 870 459A1.

25 The terms "monoclonal antibody" or "monoclonal antibody composition” as used
herein refer to a preparation of antibody molecules of a single amino acid

composition.

The term "chimeric antibody" refers to an antibody comprising a variable region,
i.e., binding region, from one source or species and at least a portion of a constant
30 region derived from a different source or species, usually prepared by recombinant
DNA techniques. Chimeric antibodies comprising a murine variable region and a
human constant region are preferred. Other preferred forms of "chimeric
antibodies" encompassed by the present invention are those in which the constant
region has been modified or changed from that of the original antibody to generate



nore than one antigen. Antibodies of the present invention are specific for
two different antigens, i.e. ErbB-3 as first antigen and c- Mt as second
ant i gen. wheotogrnms2nonospeci fic" anti body as used her ei RCHSAPI10H02005

anti body that has one or nore binding sites each of which bind to the sane
epi tope of the sanme antigen. The termi8val ent” as used within the current
application denotes the presence of a specified nunber of binding sites in
an anti body nol ecule. As such, the terns "bivalent”, "tetravalent"”, and
"hexaval entht preperties taceordimes entle ofvettian, béspedialty sm tregarfl aor Chq ridndigg si t es,
and si x bi pdj ' 1 hvel i R-ap. i I

bi speci fi c%@?@%ﬁ%@%&%‘%ﬁglﬁﬁgﬁégﬁ% ealln?]l{g/réﬁ?{l til)l;rﬁ)%gérgezﬂgtta ﬁﬁggfgetrr ea-lglg\?gl ent"
and may be"classispatched 'antbodien,|. t Chisesist antibedigs (are ethe guradeditof expressed
"hexaval enjnp un@omm %@ﬂesb'cﬂﬁil?ﬂﬁng' DR AT segeARt ERAAMOimblifopd¥eRA i on can
contain six conp er,ns\ntarllﬁ(I deternm ni ng regjons ((I?DRS) whi ch contribute in
varyi ng de{fita0k fegianseands PNAy soemnts RRCOGinNEHgUuaeg ebyltsy copstang&rgionther e are
t hr ee heavpethuals Nfoy aprodindieg dhimeric @RRBodiePRitolvEClRhemiodalCiddmbirdand t hr ee

l'i ght chai ariable domain CDRL| , CDRL2, and 3)..The extent of
R and 1 BNRAR b SR RoHaD) ook g, s Nal KPR ID T e sh DE ot Bonpi | ed
dat abase oMoaansanp 3di,d es eduePwes Natl. wAcah ShiosESAe§iloEO84aves8 He@idSdef i ned
accordi ng H@ y3g) AU dddtys gr@q@@% sequences. Al so included within the

e > d ’ .

(

scope of t I"nvéntion ar e fuhctional antigen binding sites conprised of
fewer CDRs (i.e., where binding specificity is deternmned by three, four or
five dfRs) Thedermeihympanazed ayib Maﬁefﬁrsc'@n‘fﬂt%@@l% an whiclg tpfiamepprip er

suf ficient "d‘oﬂ{plahadmg;detdﬂmﬁﬂﬁgr 5i1S (CBRYHa®¢ béen\hodB8@ td\cothpriscifie
sufficient DkngfI i-ke bis Iuﬁ}' C,. hi %al ?nt aFt.I bodi es agaj sh}? ug;ﬁ Er bB- 3
and human EDBROT EBNETEIRPRE §1-AEETR SBEANHTE G OIRESL ) B1E SXdhe be used
as descri bparest. ignmunogkdbuBippin Nprefé&r&P&8badithentld niyphe ADRDKOF4BEN 1B EP

Appl . No.O R o P ' 7-621; WO
061 027011; heranasstk el 4G Hpmah foddy By B, el BBRAES N |
S., etlfal . Seq) e.gvoRieciBnann, 12.7¢ al.1 Yoture 382 SH8INA2ER21; aroNawmager, ¥he., t er ns

" monocl onagt ANNARREY 4 @1 985@69—9'79.%ﬂié\ﬁ£ﬂ$9&¥er€é21@9§% tcb@Bspodd td'8Rde herein

refer to a preparation of antibody nolecul es of a si ngle m nQ .aci d
conposi ti offpresenting 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

20  changed from that of the original antibody to generate the properties according to
the invention, especially in regard to Clq binding and/or Fc receptor (FcR)
binding.

The term "human antibody”, as used herein, is intended to include antibodies
having variable and constant regions derived from human germ line
25  immunoglobulin sequences. Human antibodies are well-known in the state of the
art (van Dijk, M.A., and van de Winkel, J.G., Curr. Opin. Chem. Biol. 5 (2001)
368-374). Human antibodies can also be produced in transgenic animals (e.g.,
mice) that are capable, upon immunization, of producing a full repertoire or a
selection of human antibodies in the absence of endogenous immunoglobulin
30  production. Transfer of the human germ-line immunoglobulin gene array in such
germ-line mutant mice will result in the production of human antibodies upon
antigen challenge (see, e.g., Jakobovits, A., et al., Proc. Natl. Acad. Sci. USA 90
(1993) 2551-2555; Jakobovits, A., et al., Nature 362 (1993) 255-258; Briiggemann,
M.D., et al.,, Year Immunol. 7 (1993) 33-40). Human antibodies can also be
35 produced in phage display libraries (Hoogenboom, H.R., and Winter, G., J. Mol.



The term "chineric antibody” refers to an anti body conprising a variable
region, i.e., binding region, fromone source or species and at |east a
porti on oVoaowarsisant region derived froma different secTEP2@0/0896Ei €S,
usual |y prepared by reconbi nant DNA techni ques. Chineric antibodies
conprising a nurine variable region.aed a human constant region are
preferred. O her preferred fornms of "chineric antibodi es" enconpassed by
the present invention are those in which the constant regi on has been
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grafted into the franework region of a human anti body to prepare the
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bi ndi ng. The term "human anti , as used herein, is |nttgnded t.o i ncl ude
ant i bodi eslnr?er\??%@lg‘ﬁdrf?%ITéleafﬁ%PIE‘?}H@ttéWPlaP@@PB?@eWP%%B'ior FiTHEREP ger m
l'ine 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
20  that, while derived from and related to human germ line VH and VL sequences,

may not naturally exist within the human antibody germ line repertoire in vivo.

The "variable domain" (variable domain of a light chain (VL), variable region of a
heavy chain (VH) as used herein denotes each of the pair of light and heavy chains
which is involved directly in binding the antibody to the antigen. The domains of
25  variable human light and heavy chains have the same general structure and each
domain comprises four framework (FR) regions whose sequences are widely
conserved, connected by three "hypervariable regions” (or complementarity
determining regions, CDRs). The framework regions adopt
a B-sheet conformation and the CDRs may form loops connecting the (-sheet
30  structure. The CDRs in each chain are held in their three-dimensional structure by
the framework regions and form together with the CDRs from the other chain the
antigen binding site. The antibody heavy and light chain CDR3 regions play a
particularly important role in the binding specificity/affinity of the antibodies

according to the invention and therefore provide a further object of the invention.



i mmunogl obul i n sequences. Human anti bodi es are well-known in the state of
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ant i bodi esHedldk Bethesdy; da(E3h1)expr essed, created or isol ated by reconbi nant
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i mrunogl obu enes of “an S ex ressed usln r econbi nanﬁgexpr essi on
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variabl e Wlﬁmﬁb%ai e?{'e?é?%lymnaaﬁ e@ﬁﬁﬁd}g%'sofngﬁd@ adssd (rfﬁmata n@pt human
ant i bodi es_accor di ng
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20  Binding or specifically binding means a binding affinity (Kp) of 10® mol/l or less,
preferably 10° M to 107> mol/l. Thus, an bispecific <ErbB3-c-Met> antibody
according to the invention is specifically binding to each antigen for which it is
specific with a binding affinity (Kp) of 10" mol/l or less, preferably 10° M to 107"
mol/l. Binding of the antibody to the FcyRIII can be investigated by a BlAcore

25  assay (GE-Healthcare Uppsala, Sweden). 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).

The term "epitope" includes any polypeptide determinant capable of specific
binding to an antibody. In certain embodiments, epitope determinant include
30 chemically active surface groupings of molecules such as amino acids, sugar side
chains, phosphoryl, or sulfonyl, and, in certain embodiments, may have specific
three dimensional structural characteristics, and or specific charge characteristics.

An epitope is a region of an antigen that is bound by an antibody.



may not naturally exist within the human anti body germline repertoire in
vivo. The "vari abl e domain" (variable domain of a |ight chain (VL),

vari abl e weghmiigdsza heavy chain (VH) as used herei n deRCTE#P2EAO200F t he
pair of |ight and heavy chains which is involved directly in binding the
anti body to the antigen. The domai ns2pt variable human |ight and heavy
chai ns have the sane general structure and each domain conprises four
framework (FR) regi ons whose sequences are w dely conserved, connected by
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held in th@a¢r0tnl<?l€@91€§| mensi onal structure by the framework regions and form
together with the CDRs fromthe other chain the antigen binding site. The
ant i body hﬁ@e/eénﬁweoﬂdtmtre m'&mlmmmﬁnﬁh BapplichtidisideHbtas the duppor t ant
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"hyper vaL ilﬁidil ﬁavbl@gdom%eoay i'nalbinh@ﬁgwdflndlan?gqaprbutowmﬁltsamamhs effdytonr an
antigen bi in te" ed herei.n refer to the amno. a sj dues of
2n ant 1 bocinsgirisn Dependt Ba1BF Bl & skfits SE kol rtRedfy SE63) hbi e
regi on conlmaivse:halam andibadies! ar@éw@tlﬁdgnfthomasm I'gfgrﬂgDeﬁgE,t@G 'alyd dg¥ler mi ni ng
regi ons” ofn BN of HEEHRACEL fucller tFicd A SARIALE, OGRS Vi gb@ donai n

regi ons ot n the rvar| e region residues as ereln ef i ned.

Ther eflér e, Igﬂa’»eamd {34, Jeal ﬁ@éJgIA?-: hHienlzea&y ch#n gARsty dgeiennihel caTesPeRd N- to
C‘tﬁr mhnUStotth€ dﬁ%f&htﬂ?asggﬁbo)f sAdflodick Ree cm & B3y @?@i,re?@tﬁﬁﬁl ’ll“HDRS on f
each chai separ at e suc eci a CDR3 o
B e SRSl sodo ek ke ol Bt PR S i o o
CDR and FR:dlledjhcqhspIm)andikt(hmhdla)ad according to the standard definition of
Kabat et al., Sequences of Proteins of Inmmunological Interest, 5th ed.
Public He t f t 1991
As used hgtlré%]ﬁéﬁ'{ &ﬁtanmé%%?mk’e&tﬂ&#shggl&gf|%§FA s u llﬁ grace erts(to t)he
bi ndi nig ofanplhéatm Henndgs @cpoahta@tp taypechsin regomefiz hme@lamﬁg?dvhefrahe Er bB- 3

or human CsMefads | 1am%43@ A3 or Wﬂnd/@{@t&{s@d@h }ﬁghtnclﬁlﬂx Iaélﬁ}ﬁrmnamsé@nance

assay (Bl %%glrogf Sug (‘Spn%tpgt? ,r;f'émus gr% \%ell %%wn 2 Vﬂe staPe 0% the art and etgype

anti gen.
described by Kabat, E.A., (see e.g. Johnson, G. and Wu, T.T., Nucleic Acids Res.
28 (2000) 214-218; Kabat, E.A., et al., Proc. Natl. Acad. Sci. USA 72 (1975) 2785-
20  2788).

In one embodiment the bispecific antibodies according to the invention comprise a

constant region of IgG1 or IgG3 subclass (preferably of IgG1 subclass), which is

preferably derived from human origin. In one embodiment the bispecific antibodies

according to the invention comprise a Fc part of IgG1 or IgG3 subclass (preferably
25  of IgG1 subclass), which is preferably derived from human origin.

The constant region of an antibody is directly involved in ADCC (antibody-
dependent cell-mediated cytotoxicity) and CDC (complement-dependent
cytotoxicity). Complement activation (CDC) is initiated by binding of complement
factor Clq to the constant region of most IgG antibody subclasses. Binding of Clq
30 to an antibody is caused by defined protein-protein interactions at the so called
binding site. Such constant region binding sites are known in the state of the art and
described e.g. by Lukas, T.J., et al., J. Immunol. 127 (1981) 2555-2560;
Brunhouse, R., and Cebra, J.J., Mol. Immunol. 16 (1979) 907-917; Burton, D.R., et
al., Nature 288 (1980) 338-344; Thommesen, J.E., et al., Mol. Immunol. 37 (2000)



binding is defined by the terns ka (rate constant for the association of
the anti body fromthe anti body/antigen conplex), k (dissociation constant),
and K (kowRayi1o/B5ssdi ng or specifically binding neans a BCRAIP2gOAITDHI ty
(KD) of 10 8 nol/1 or less, preferably 10 9 Mto 10 13 nol/1. Thus, an

bi specific <ErbB3-c-Met> anti body acgprding to the invention is
specifically binding to each antigen for which it is specific with a
binding affinity (KD) of 10 8 nol/1 or less, preferably 10 9 Mto 10 13
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as am no acids, sugar side chains, phosphoryl, or sulfonyl, and, in certain

egbOdi ment Bhe fesh héhtfboﬂpaej)éﬂden(t hélﬁﬂardbyt‘emuﬁmya(ABCCl)l’Ctrefbﬂl to lysis of
characteristics peci f.i r char act. A s a
regi on of }élﬁmgln air%e ceﬁﬁgty 3n_ an t1bodg a%cgr%m & &% g(/érﬁlon i’ the rbr@s%lr}%éjg? :

oun nt | n certain e | ment s,
an ant i bodsffécsorsaild ADCEhiscintasvadd yreﬁarahiyézy thnttl‘eg@rrﬁm\mﬁ@ prepgreedepbnt i al I y

recogni ZeSE B3 A@haﬁ&et@ f'egﬁﬂé c@ll@“&tﬂr@ll ﬁﬁlb%ﬁfta%&dﬁ% tBrtIi’é ﬁi\)@ﬁtl@ﬁ‘% or
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appl i ck i ot naessaeest effectarasllst suches [ynisolgted BN PEJBH? 16‘? ﬁngCtPﬁan t he
vari at)' e r&mgtr{bmﬁ @@mtlﬂ&tmbmywaf olr%aﬂ‘ilﬁifl kil QNK Gellé 6le£f)éﬂhdn6nth)y Edu ng of
an antigen, bu ous ector functi the anino
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IgAl and Ig arn cons I ons corresp o the
di f f erlént mioamremt@iﬁ mmtacb@nﬁ atshe se callgd 1@@ 188 stfe. uchdic @aﬁublmimngessts%ct i vel y.
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constant hp#y £daPm9 ¢@irmberifg acdouding tanEUbGdyx off Khkat). Antibodies of
subclass IgG1, 1gG2, and IgG3 usually show complement activation including Clq
20 and C3 binding, whereas IgG4 does not activate the complement system and does
not bind C1q and/or C3.

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. IgG1 type antibodies,
25 the most commonly used therapeutic antibodies, are glycoproteins that have a
conserved N-linked glycosylation site at Asn297 in each CH2 domain. The two
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
30 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.,
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 (1,4)-N-acetylglucosaminyltransferase 111
35 (“GnTIII”), a glycosyltransferase catalyzing the formation of bisected



subclass 1gd, 1g&, 1gG3, or g4 and/or a constant |ight chain kappa or

| ambda region. Such constant regions are well known in the state of the art
and e.g. WOV HEF2by Kabat, E. A, (see e.g. Johnson, GPCAAFR2040/002p0F .

Nucl eic Acids Res. 28 (2000) 214-218; Kabat, E. A, et al., Proc. Natl.
Acad. Sci. USA 72 (1975) 2785- 2788)23kn one enbodi ment the bispecific

anti bodi es according to the invention conprise a constant region of Igd@ or
| g&G3 subclass (preferably of 1gG3 subclass), which is preferably derived
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434. Such wamgb@ert 16260i 0w 2aD6ENN4500.eS WO008/085540; haMao 2e0s/Deti73sy t he

(nunber i ng ASCOIPHMBy S0 HRI 8RS a2 Ot i - BR800 HSendent
cel lul ar cUScﬂOﬁi/lOdBi&Q% ABTTP003/83¥3S, 1 WQ Y0067 3Buiiva; akgeet @bl Il by an
anti body ag&&pe¢1na4 flodd%0d [GR) 1137- 160 SAAKBRESENGR A1) Hifieehah 994! S. ADCC

IS nmeasure 4;)’ N‘}/ ment o Sg7e|6ara ion of ErbB3 and c- Met
expr esk] ng(Q@QB) 346/-3473a @@61‘15@89/3 9’&:@8@89?@2‘? %2he invention in the

presence of effector cells such as freshly isolated PBMC or purified
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parent <ErbB3> and/ or <c-Met> antibodies. (see Fig 18 Example 8 and Table).
Therefore in one preferred embodiment of the invention, the bispecific antibody is
20 glycosylated ( IgG1 or IgG3 subclass) with a sugar chain at Asn297 whereby the
amount of fucose within said sugar chain is 65 % or lower (Numbering according
to Kabat). In another embodiment is the amount of fucose within said sugar chain
is between 5 % and 65 %, preferably between 20 % and 40 %. “Asn297” according
to the invention means amino acid asparagine located at about position 297 in the
25 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. Such

glycoengineered antibodies are also refer to as afousylated antibodies herein.

Glycosylation of human IgGl or IgG3 occurs at Asn297 as core fucosylated
30 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 Briiggemann, M., et al., J. Exp. Med. 166 (1987) 1351-1361;



denotes a process initiated by binding of conplenent factor Clq to the Fc
part of nost 1gG anti body subclasses. Binding of Clg to an antibody is
caused bywoebimgdsspr ot ei n-protein interactions at the s®&CtalPR@d/opongi ng
site. Such Fc part binding sites are known in the state of the art (see
above). Such Fc part binding sites ap4¢, e.g., characterized by the am no
acids L234, L235, D270, N297, E318, K320, K322, P331, and P329 (nunbering
according to EU i ndex of Kabat) Ant i bodi es of subclass I1gd@, 1g&, and

| g&3 usual Lyves HoW. cetnzﬂl dvfethbds Enzymaol dﬁ&(h%ﬁ)oﬁhﬁgﬁﬂ qhesed Smtmeﬁdlmg,

whereas | aRd daes Rl 89t {/RbEo N LOTPIETR)LSHER BastrdRRsEORLLYI nd Ol g

and/ or ’ector fu m) ocl onal antibodi es can be

enhanced ba}m@tngpﬁé@nm@ Gahh ggsidugp K%@ﬁa@@hﬁlpﬂ@c% oAdAPORH et in
Urana, P. 1tgﬁ %Ocos Mﬁbﬂrgf Bhabssh ! party 15169 )9 Heskribed 88 Rdidiet/SFEH 602, 684.

|l gd type di és, t h t t di

gl ycopriot e@%o?%‘ﬂg%\ﬂe 54 2@??@%} &@go 2&7 dbqser ua?lf‘%:or%&%rlfl lg'alﬁt?y Asﬁr287
in each CHkpil@red i noThgymemﬁwlcnm bnloé\‘nieﬁl snsuallyalré Gowaglatedrat den291 t ached
wth the ool ShaBPREeobEckESS T 15 maf iR Mgk Bl BEAITN Sl D01 S
anti body t paremtcingibed e faychehybrichot p@mplesuBtef%tgblarthﬁ lbmytede{ﬂdnd@ﬁtlotcel I ul ar

t ot , |
\(]:g ¢ ?e?i( Is ci ﬁ?éogm)oli(gb efc@iléhqeyl e hﬁ)tnda 1? 1agn§él§’e? géglh%d?&%\?? gt(léL %ﬁ%cfe%; ﬁd 822;

Mor r i skéh, @duced/ﬂnfﬁhwqugﬂé@‘?ﬁ%ﬂcmfl@s O@MPles- 32) . Umana, P., et al.
Nature Biotechnol. 17 (1999) 176-180 and WO 99/ 54342 showed t hat
over expr eSAb&ﬂdﬂnF tohthe eseenfisisafioudty 8f Yudo§eGnearel the aifiount of said sugar

b(l,4)-Nacetyl glucosan.n Itra "OnThA f
cat al yzi ng™ hé‘ tﬂSFWl 51?11 % Pgectrélg%ﬁ t%&(s&lghgtalhégcom gni %?%%Ar?%@ns srase
i ncreases toh@\anQ')\/I(e g0 cAﬁ@Exad’(ybmdt gndthigh tmdnodse strugthites) an¢asnesdi hyt he

comost t1 oyl ErARAZ T SALRARLER EalffaldsSehiahgRbIaG, St Gelyel oo

binding to ot ech no 999)
176- 1B0; mawrésof f!lCOSCellS the perqRnige HryFoseBOBBHYNE FUEtILRS IF %18

2‘/: r’rur? Y. ?y@&stﬁbtwresl 1d7en§ﬁ9(i in @AENLGR/€6sif a8 Ol )JireAd3Smiio 4 é.g. %@dwﬁ S et

00 16478-16483; Shield ,
Bi ol . Chenhybyits apd sdigp- 61591 %?ﬁanngfﬁ Sfrpturepy Eesi’?etﬂys M‘BLb} T(ﬁ% (gcfr élChem
(22(7)0(2)20(])_;23)3(1%%;?&@%% toSlatariise the aiounedf fatose, ske Bxamphol4). Met hods 263

The afucosylated bispecific antibody according to the invention can be expressed in
20  a glycomodified host cell engineered to express at least one nucleic acid encoding a
polypeptide having GnTIII activity in an amount sufficient to partially fucosylate
the oligosaccharides in the Fc region. In one embodiment, the polypeptide having
GnTIII activity is a fusion polypeptide. Alternatively al,6-fucosyltransferase
activity of the host cell can be decreased or eliminated according to US 6,946,292
25  to generate glycomodified host cells. The amount of antibody fucosylation can be
predetermined e.g. either by fermentation conditions (e.g. fermentation time) or by
combination of at least two antibodies with different fucosylation amount. Such
afucosylated antibodies and respective glycoengineering methods are described in
WO 2005/044859, WO 2004/065540, W02007/031875, Umana, P., et al., Nature
30 Biotechnol. 17 (1999) 176-180, WO 99/154342, WO 2005/018572,
WO 2006/116260, WO 2006/114700, WO 2005/011735, WO 2005/027966,
WO 97/028267, US 2006/0134709,  US 2005/0054048, US 2005/0152894,
WO 2003/035835, WO 2000/061739. These glycoengineered antibodies have an
increased ADCC. Other glycoengineering methods yielding afocusylated
35 antibodies according to the invention are described e.g. in Niwa, R,, et al., J.



Met hods to enhance cel |l -nedi ated effector functions of nonocl onal

anti bodi es by reducing the anmount of fucose are described e.g. in WD

2005/ 0185¥72,20012306/ 1 16260, WD 2006/ 1 14700, WO 2004/ @655£0010ME208905/ 01
1735, WD 2005/027966, WD 1997/028267, US 2006/ 0134709, US 2005/0054048, US
2005/ 0152894, WO 2003/ 035835, WO 20094061739, Niwa, R, et al., J .

| mmunol . Met hods 306 (2005) 151-160; Shinkawa, T., et al, J Biol Chem 278
(2003) 3466-3473; WD 03/055993 or US 2005/0249722. Surprisingly the

bi speci f i cinsiikUB3Methdls>30BN{2008Yil 85180, Shidkagda,t D., tehal, i NBsult Clsin,SHT8Y a

Thei 1 par A0 UEPERR TN O BTSSR RoMatioRe2 sce 7o 18 Example 8 and

Tabl e). Therefore in one preferred enbodi nent of the invention, the

bi speci f i cOsmembodiynent isgd meteyl oftpreparatiqpaf the bigpSifisntibedys f IgGhom sugar
chai n at : | dhRiny e @8 inis 65
% or | omﬁ%ﬁ‘%ﬁ@ﬁ‘gﬁﬁét&%@& In }%?%)d %g)b‘g#? Q%F%Wa%lg{n}?ér en%gg{ﬂ@n{gr?? rﬂ?és t he
anount Sof dmew of \fheqse vishin saisligpgar chainds 63 *oaarewsr, 31smzathg rgecedpre

pref er abl )édé@él‘i%ei'ﬁ_ RO ?@@7?44%@9?@0%02@655@9 apOdigng/1398 ¥ 4)eUmBNL .| on geanz
am no aci d asparagine | ocate 0 S on. Base
on mi nor seécﬂz'e TG H1ptee s?ﬁi%ﬁ?'%dﬁ%ﬁsw@ﬁﬁgéénwﬁ 286:52%{51%%2{3»[ ed sone
am no aci d&q 260641 162600t WOr2006HdAA76(R aiW@a0as0UE)35)psWERAM0T02Ho6NSt r eam

of posi ti 0287028263 PEIERB/AIF14d, ON Ao RhsaBTs  SUGE 280 ¥/6PSIRgneer ed
17‘ %% |at'ed "ant’l S

anti bodi es are al'so refer as “ar ousy odi e erein.
d ycodyl at Weh2@13/¢ahsah or YD 2800/PgEFB%ccurs at Asn297 as core fucosyl at ed
bi ant ennary conpl ex ol i gosaccharide glycosylation terminated with up to two

Subcl ags R artEBMAPI Aolhoa W eihRidh Sl Bivpeliic dibedibe 1 60

u in. ali a A, et al., ences, o

Pr ot ei ns o‘ﬂ%ﬁrﬁ?gﬂé%‘ﬁhl& is $lmw&¥d, @ Yiitka suggrinhap mpt??f?%ﬁﬁwe Nat i onal
| nstitut eSargcfunHeiﬁ6|ﬁ1&b9s§ Reititie sdal, sdé@: chdif94 )5 % 1bweBrisingothegstoceditre e][ al .,
J . Exp. ol 7) 1351-1361: Lov I - 1Qds . Enzynol . 178
(1080, 51 Sesribedn SRR, SE R R TRApESl Saothodd 06 0Bty g5 e Sighay

-1, 3-)15 orT.2 eyl ygad r Bailduesem,depdnd(20§3F r 3466-B47 3noWiid 030533 oml  Gal
resi dues (1%1&605/62@7;2%& oprocess hit. 1 (2003) 44-53). CHO type

gl ycosyl ation of antibody Fc parts is e.g. described by Routier, F.H,

d ycoconjugate J . 14 (1997) 201-207. Antibodies which are reconbi pantl
y : 191 one embodimergt the ax)ltibodies according to the invention (1;nhibit HGF-induced Y

c-Met receptor phosphorylation in A549 cells (as describd in Example 2).

In one embodiment the antibodies according to the invention inhibit
20  HRG(Herregulin)-induced Her3 receptor phosphorylation in MCF7 cells by at least
70% at a concentration of 1ug/ml (as described in Example 3) (compared to HRG

as control).

In one embodiment the antibodies according to the invention inhibit HGF-induced
proliferation of HUVEC cells by at least 40% at a concentration of 12,5 pg/ml (as
25  describd in Example 4) (compared to HGF alone as as control).

Bispecific antibody Formats

Antibodies of the present invention have two or more binding sites and are

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 trivalent or multivalent).
30 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



expressed in non-glyconodified CHO host cells usually are fucosyl ated at
Asn297 in an anount of at |east 85 % The nodified oligosaccharides of the
full | engwb2paveasiszanti body nmay be hybrid or conpl ex. Prefr@padopoione

bi sected, reduced/ notfucosyl ated ol i gosaccharides are hybrid. In another
enbodi ment, the bisected, reduced/ nopgfucosyl ated oligosaccharides are
conpl ex. According to the invention "anount of fucose" neans the anount of
said sugar within the sugar chain at Asn297, related to the sum of all

gl ycost r ucfely. esingle tehaliefivi @ VI ndfidaifi eand/or cOND domaily Pab doma (Eab)2,y far¢rannose
structure asured by NALDI . TOE S [ try.and,cal cul at ed as
aver age VZ@'H%E ey é)fé'f‘?rSé) egﬁé-‘%ﬁflﬁ%g ) P?Jéé%gtiabo?ge% tcﬁé bpeeﬂ’&leﬁpgtéeﬁ!%?l a

f ucose- condinglaspayiest ot chimenzed ert lsunanazedl Fordnyansibody eithrmeereitheamtwd i ed i n
an N-d ycogj -5 e : lex . hyhri | i-g0:. and

hi gh- nanno@égg? ?H@tnﬁjg; gg%s’ rg%rggm)m(ﬁn;é %l&%Drlngy?gl%grc Qé%é%a%a fgcejg,l%pﬂrrg%gaur eto
det er nidne hagdindipg sitesofor tyie détderenteantigensydihat 4 wherpae a frrstdyndingsitg is

bi speci f i cspabiicIOy EAB:9! #dtend Bindify diRRMEe§PdcaTt forB-M&, MdViessadai n a
gl yconodi f ed host cell engineered to express at |east one nucleic acid

di | tide, havi TIIl.activity in. t ffici t t
partial Iy P B FER SThaHeng e ohssi fiattiony srec R AL BPgine"i et ™ 1 °
enbodi ment ErbBh apbhympeptiMet dravidig GEhe inveaton vorhprises the Fasegion pbarypept i de.
Al t ti 2 , &= : I VA t | b
A erne iy S PSR, L Ve i el o | 630 0%
host dé | sembibmenrtrufid] lemgthani body fucosyl ati on can be predeterm ned e.g.

either by fernmentation conditions (e.g. fernentation tinme) or by
combi nat i oBjvafen@bispeéific Hopmadt i bodies with different fucosylation amount.

S L b 50 S o STRGELA LS L TR SRS o
g.lO.O,G/ Taagrthe Bﬁmimiﬁhgloblilirﬂ.k((n:kﬁlﬁB) rekiéﬁns 186n WO 9&615143425@25&1623@@/ (L8572, WO
071 028267 VoL ISUENL S 2000 dsE S hedoss R ERa o8 Ry

2003/ 0358 38ng. W1 290071060213 IV 062y 0 1 yMgeahgitn devla bt aht Natwak Bioterdv kS an

i ncreased ABGE ¢Mhei: JAKEQENS] NErdINg) MRAdIOUSio) i 8hei (19oaf 0salsy! aled
ant i bodi es_accor dlﬁgg fo the’invention are described e.g. 1n Niwa, R, et
al ., J .1nERAS70 48R~ hods 306 (2005) 151-160; Shinkawa, T., et al, J Biol
Chem 278

Thus in one embodiment of the invention the bispecific <ErbB3-c-Met> antibody

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

20 a) the light chain and heavy chain of a full length antibody specifically
binding to human ErbB-3; and
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

25 and VH are replaced by each other.

In another embodiment of the invention the bispecific <ErbB3-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

30 b) the light chain and heavy chain of a full length antibody specifically
binding to human ErbB-3,



(2003) 3466-3473; WD 03/055993 or US 2005/0249722. One enbodinment is a

nmet hod of preparation of the bispecific antibody of 1gd@ or 1gG3 subcl ass
whi ch i s woyomsmbaseed (of ) with a sugar chain at Asn297 palmarediy/obives anount
of fucose within said sugar chain is 65 %or |ower, using the procedure
descri bed in WO 2005/ 044859, WO 20049965540, WO 2007/031875, Umana, P., et
al ., Nature Biotechnol. 17 (1999) 176-180, WD 99/154342, WD 2005/018572, WO
2006/ 1 16260, WD 2006/1 14700, WD 2005/01 1735, WD 2005/027966, WO

97/ 028267, US wWhé6inQAsdoristint H&nﬁﬁ@lﬁfm&ﬁl@HB and®r2Re bdrihbb?@&SvaindNOL

2003/ 035835 or V\%ﬁOOO/ O%ﬂ?g' e . nbodi ment is a nethod of preparation of
the bispecific g t%edvp ¢ 5 61r %IGS subcl ass which is glycosylated (of)
with a sugar chain at Asn297 whereby the anount of fucose within said sugar

chain is gl]'50 Wﬁ%xémﬁéﬁéb%éﬁ?}zr%gc sﬂ‘ﬁctﬂf@%ﬁw{hﬁ §5r1htl8qg),lés t%l’ﬂﬁalo as €t al.

J . Imun 151-160; Shin , Bi ol Chem
278 (2(503)d63f4:®@d31@wswf19§/a%5993 or US 2005/ 0249722. In one enbodi nent
the anti bodi es according to the invention inhibit HG-induced c- Met

fﬁgegt or pl‘@ﬁﬁﬂawltﬁﬂylems lof sﬁ&ﬂlgetﬁﬂllﬂlén({ Bivalkas GidpecificanX@bBl Fa)-c- | n one
enbodi nent n cordin nin
RO et 1 ogtiet Ty EoHirec ba G §5Raias 5P st b ot Sittapf o B fhdzsd byt by at
| east 70%‘a<lnoh-1monwst tedhnologg fwhiclyisndes¢rited de sletailbeith savefak arphpledjn
(conpar ed Ny gneye t b a rding to
the i nvent%gn I nﬁg@??@ﬂ d%g & 18 rotl %gﬂgﬁ%rF&ﬁgﬁ%@ in'} %§1 bgr?d;t | east
40% atl0a cstsbants . Mon ebhl. 1Nag B@F?hnoé d$ dO98) Bhe6Bh Qmmethqd (ﬂé‘brrpar ed
tgeHSEt al Oiﬂ?erz?e%oﬁs s&%ef b9 th&Si wccbm gd&ﬂhhb?ﬁ’dé Eﬁgﬂé&tﬁ) gﬂ&ﬂebééd:ct% ofT ht[le
pres i nvention have more binding sites an is i.C. a
i's, the arfSeedimesisaign %ﬁ’)‘ﬁhé‘ﬁéﬁ ghalnseRntd ‘Hgég \%(g{flg domatns- EF‘%“ nor e
t hi'in tW|0 bo e Woi‘lﬁl@ﬁoﬁialrﬁs (ogh’hﬁ M&B?mtdmmy chrs bé ithey alh&ibl ’. while the I
mul ti val ent Bi s ecl‘ G» ant | s of t oR .i.nc xanpl e,
nul ti val en?t?l%rl 1%1‘?1 rrﬁlF bgg'i ggcnodﬁ “goa. 1su§id8 t%P %%Ogl e!slz‘;sasfh?/vel | as
ant i bddi eshdﬁfmIdmgam fMemhmslt AnM., et al., Nature Biotech 16 (1998) 677-681; Atwell,

S., et al. J. Mol. Biol. 270 (1997) 26-35) and increases the yield.

Thus in one aspect of the invention said bivalent, bispecific antibody is further is

characterized in that

the CH3 domain of one heavy chain and the CH3 domain of the other heavy chain
20 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

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

25  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,

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
30  domain of one heavy chain which is positionable in a cavity within the interface of

the CH3 domain of the other heavy chain



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,) woeolvnksd via one or nore peptide-linkers. TheCampPRmo®d®es can be
full length froma single species, or be chinerized or humani zed. For an
anti body with nore than two antigen-pgnding sites, sonme binding sites may
be identical, so long as the protein has binding sites for two different
antigens. That is, whereas a first binding site is specific for a ErbB-3, a
second bi nahdng site is specific for c-Met, and vice versa. In a preferred
enbodi ment the bispecific antibody specifically binding to human ErbB-3 and
human c- i . I | QN i.ses the Fc region of an

ant i body%&gﬁegﬁ%gﬁlﬁgggﬂﬁo&%}ﬁgg%ﬂ@ll{;ggg{e#re?i es of which neans that hi
one enbodi nent a full length an Bival ent bispecific Formats Bi specific,

bi val ent a3t thebavign s orginah ipterage pthe sacand (ridd domain thaymestsithgy t he

i mrunogl ohyHdifal GRBFA BT th€ BRI THXddnAlf withdtheabivid&s! bibgedifes htibolly WO

2009/ 080251, WD 2009/ 080252, WD 2009/ 080253 or Ri dgway, J.B., Protein Eng.
9 (1996) 617-621; WD 96/ 02701 1;. Merchant., A.. .et al., Nature Biotech 16
(1998) %77"‘-"6"3&‘}"’&?&\%6?‘, ugs reglaced W}ti‘f.n o a%%d??‘g‘éeigav("igaﬁ?‘a B 9% and EP 1
870 459Al .chihusolumeptherebybgeerating acfavith evithi ¢het intarfach ef Ihes peeond IGH3

<Er bB3- c- > .ant: i . AGC i g i i i i - bispecific
ant i body, 5 MURERKASREHRREL with EEBAGRA e Brer ctR! Ehaipt PERC |
ant i body spssttionablgl |y binding to human ErbB-3; and b) the light chain and
heavy chain of a full length anti body specifically binding to human c- Met,
wherein t f'ﬁefé%b‘l%%ﬁ!f&i H01BI 25d FdsidRthaClg a BREér0didd BRaiM Alohaht & se@édns VL and
VH are rep aceﬂg y each other. Ln anoth&g eq?odlnent OE t he anaﬁglon t he
bi speciff i cTURr H§3 BEOURe CONSAFHHEL BHyATEEET BRhgPREVIAEIRG (Eht PERSITE @ bi val ent,
bi speci f i crgnépHaadW). conpri sing: a) the light chain and heavy chain of a
full length antibody specifically binding to human c-Met; and b) the |ight

chain and }WE?&[&B]& Qth Qm(ﬁflo dcfdiebiaké B%Hg A RAY a8 RAGI Vtdht Ys selected

from the group consisting of alanine (A), serine (S), threonine (T), valine (V).

In one aspeét of the invention both CH3 domains are further altered by the
15 introduction of cysteine (C) as amino acid in the corresponding positions of each
CH3 domain such that a disulfide bridge between both CH3 domains can be

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
20 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
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,
25  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
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
30 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



bi nding to human ErbB-3, wherein the constant domains CL and CH, and/or the
vari abl e domains VL and VH are replaced by each other. For an exenplary
schemat i cwetnwctissse wi t h t he "knob-i nt o- hol es” technol oggTar2descrnbed

bel ow see Fig 2a-c. To inprove the yields of such hetrodinmeric bival ent,

bi specific anti-ErbB-3/anti-c- Met apgibodies, the CH3 domains of said full
| ength anti body can be altered by the "knob-into-hol es" technol ogy which is
described in detail with several exanples in e.g. WO 96/02701 1, Ri dgway,
J.B., ﬁt i'aIEP 1 8RP0abeiAl, cag b2 L(sk@&&):rrﬁﬂﬂelﬁj%}: additibniity.c Aapreferrdd xample al . fI\lat
Bi ot ec no 199 7-681. nter ur es o
the two Cl—fgr(ifi&1 ?lﬁgl)e%' Rt tltbtoa {%A@QB h@ﬁlqgtero ?brée(r?rpstg f%rﬁfof bot h
heavy chaidmnanof dieffkngbs tlesw mDMdﬁmmmutzEmh imthet GH 3 tdama@Hat domai ns
(of the t 2 ] . her is the "hole".
The intro uct?@ﬁxb H tlgﬁ uﬁ?ggggﬁt&gé%rhs q@géftoﬁkghﬁé erodi ners

( Mer chant , et al., Nature Biotech 16 (1998) 677-681; Atwell, S., et
al . J.5wiln fsl%her pz?@rre@lgﬂmodzec@aauhma'l%r bispecifi¢ pRtiYadyl OMAMIES 4 n one

aﬁ pect of _T:h%w I}H@tﬂﬁdnplikh $1a=.| ¢m| deheint of bﬂeS‘H@ﬁbi bﬁalﬁ’ﬂ'fah@qCBﬁ6SS U3usztxhe(r]I i's
characteri at t onai n Q avy, chai onai n
b 4 T A S e S A A T P s
original IKI¥HE awthmmmeme s damhbodﬁltlﬁl—‘l&ndbmahma” anth @I ; EISTK nt er f ace
is altered tQ.:ptoM0tectBd ‘3”‘h81 Lhg»bi val ent, bispecific antibody,

wherein the a ?eratlon iIs C arac &ri'zed in that: a) the CH3 domain of one
heavy chain is altered, so that wthin the original interface the CH3
dormai #0of Ienenatkssvpretonied nerbedimente saidt bisalgnt, Pisparificnansibpdy e comprises CH3

domai n of Y@@@tm&VQﬁNtﬁn&ﬁﬁinnoﬂéé bhie w@dmvabﬁaﬁaé aQHSSBa?ACf IT3688 | body,
oo "% QIR ST hdor R 565 ol B T 5 CP sty SRS Y, e
i nt er f ace Wfpecife &tibodpramprioéds ¥A4IOLTYGOWhautatiods dhons of dsl twoidd e in a
cavity wthlfiNgd $¥a 85668 LI6RR, 7487 93MRatoR in thEoMENSY thl 8RY Lref1ai nand
15 domains 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”.

Examples of bivalent, bispecific antibody in a format described in Table 5 and Fig
7 which were expressed and purified are described in the Examples below ( See
20 e.g. Table 5 and Fig 7).

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

comprising

a) a full length antibody specifically binding to human ErbB-3 and consisting of
25  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.

30 For an exemplary schematic structure with the “knob-into-holes” technology as
described below see Fig Sa.



b) the CH3 domain of the other heavy chain is altered, so that within the
original interface of the second CH3 domain that neets the original

i nt er f acewof2otamassser st CH3 donmain within the bival ent, BCIEPeI0I062085t 1 body
an amno acid residue is replaced with an ami no acid residue having a

smal | er side chain volune, thereby gsmerating a cavity within the interface
of the second CH3 domain within which a protuberance within the interface
of the first CH3 domain is positionable. Preferably said am no acid residue
havi ng a |Angher prefbered mapect wb thenairieat swkmtodred o trivaleht) digpecifip anthedyst i ng of

ar gi ni ne ("%)mr% yl al anine (F), tyrosine (Y), tryptophan (W. Preferably
sai d anino adi sidue having a smaller side chain volune is selected from

t he group consi sti ggl of alanine (A), serine (S), threonine (T), valine (V).
I n one asp®c fudk lengéh amiipedy ispecifieally ipdingdadiumanakd B3 and congipting a8l by t he

i ntroduct |%&ﬁib6&§h&dvﬁ%hﬁi@); aAd tdThmttbod§ 1ighi éhaifi€ak®r r espondi ng posi tions
of each moml? uc t?rat a disulfi ﬂ;. i dge bet we bot h CH3 domai ns
can bef or e sjngle,chainFy fragment ipgeificaliy binding o Bpmpan &AYlet i speci fi ¢

conpri ses a Twhé@Whmdidisingte thaih R Thigmelanmider d) is Mesed koasaid Gllhiengttand
T366S, L368A, Y407V mutations_in the d i~ of.the ."hol hai n". An
2ddi ) onal 1 iU PORupRRG LR miatigh P s BOBR RO Eridhal e MY 2 So be
used ( Mer chandr,light thain ef saad fyll NagthraatiBpdyt. ech 16 (1998) 677-681) e.g. by
introducing a Y349C nutation into the CH3 domain of the "knobs chain" and a

E356C nut afd o Qﬂiex‘ﬁ?l%lsétﬁ:lemﬁi@tsitﬂ_@tui@R@tht e ‘Wrdb B dlesf tebiiRlodiohe chain”.
Thus in a anot her 5 ef'erred_enbodi nent, said bivalent, bispecific antibody

conpr i9es desersred 995 Ri€20t ons in one of the two CH3 donmai ns and E356C,
T366S, L368A, Y407V nutations in the other of the two CH3 domains or said
bi val ent, Atcpdiaglyi theadviiebpshdingonpivaleas bYspedific Aoy mitlatheonFvi-Abone of

the two CH3 donpins.a S354C.  T366S, . L368A, 07V _nut at i | e ot her
of the tmnoelq-%lrég’ i"?‘l?g?lf ﬁewgga‘?xtpfeosﬁ% a@fmeﬁ§e§tlfléne ﬁ)ﬁangﬂgs i&ﬁl@t’vgornai n and

the additional E356C or S354C mutation in the other CH3 domain formng a
i nt er chai nindinspiréferted pmbddiment paidrisioglenchainl Fabyer Fac tragraenig bindimewymaiex of

c-Met are fused to said full length antibody via a peptide connector at the C-
15 terminus of the heavy chains of said full length antibody.

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

comprising

a) a full length antibody specifically binding to human ErbB-3 and consisting
of two antibody heavy chains and two antibody light chains;

20 b) a polypeptide consisting of
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
25 via a peptide connector to the C-terminus of one of the two heavy chains
of said full length antibody

c¢) 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
30 chain constant domain (CL);
wherein said polypeptide is fused with the N-terminus of the VL domain



Kabat). But al so ot her knobs-in-holes technol ogies as described byEP 1 870
459 Al, can be used alternatively or additionally. A preferred exanple for
sai d bi vawvernnio/sspeci fi c anti body are R409D;, K370E nut &CIrar3010/0020ne CH3
domai n of the "knobs chain” and D399K; E357K nutations in the CH3 donai n of
the "hole chain" (nunbering always aggording to EU i ndex of Kabat). In

anot her preferred enbodi nent said bivalent, bispecific antibody conprises a
T366W nutation in the CH3 dormain of the "knobs chain” and T366S, L368A,
Y407V nut ati ons vid atpeptidd-Ebnaecrar o thé Crteanihno bethe fodhen'of dredwadttaty onal | y

R409D; K370E nutatio n of t he "knobs chai n" and D399K;
R e R B

E357K nutations in "hol e chain". In another preferred

enbodi ment sai d bival ent, bispecific antibody conpri ses Y349C, T366W
mut ations in adevhreintiee antibodybeataneiainsvasiabilesmart (YHBe8the 3684, Y407V

nutations in the, &%Eld@ﬁﬂ&&%&%ﬁ@t%tlgg{q@hm cﬁﬁm%hgblg'dﬁﬁ{aﬁp vLybspecific

anti body conpri ses Wnutations ih one of omai ns and
S354C, 5T366S, L3B8RolYReRy yndene) tagathernform an gptigen- Q}Pdmﬂéltf‘m@ Womai ns
and addi ti onal | wifdid@» hitdd@ENett ati ons in the CH3 domain of the "knobs
chai n" and D399K; E357K mutations in the CH3 domai n of the "hol e chai n".
Exanpl es i val ent,, eC|f|c ant.i cribe L D¢ Table 5
o o7 Vsl She pedi e bbb S i ahgis) aft o) pEREH PRl e Dol o
bel ow ( Seat leasg25 aiabioeacmsamfd?a@yb)etwefn|3Oa1hé150 apiispedil$.i c Formats Anot her
preferred aspect of the current invention is a trivalent, bispecific

anti body CERKERbIAGy SohefalilstrudtBRILL: p,'rglt3iat@dy specifically binding to human
Er bB-3 and consi st ng of two anti body heavy chai ns and two anti body |i ght

o Nt 10, o eroRiBR dhe hge D, uben Brenes andesdvoy théng YRR Sard
full | engtdonnélataedyy Tabled wreVdxpra3sqiepid ﬂmﬁé@h(seeﬁm theaExdrhpleCbelow N-
term nus of eavy or light chain of said full length antibody. For an
exenpl ary @gﬁgﬁé& c structure with the "knob-into-hol es” technol ogy as
Optionally the antibody heavy chain variable domain (VH) of the polypeptide
under b) and the antibody light chain variable domain (VL) of the polypeptide
15  under ¢) are linked and stabilized via a interchain disulfide bridge by introduction
of a disulfide bond between the following positions:
i) heavy chain variable domain position 44 to light chain variable domain position
100,
i) heavy chain variable domain position 105 to light chain variable domain
20  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).

Techniques to introduce unnatural disulfide bridges for stabilization are described
e.g. in WO 94/029350, Rajagopal, V., et al., Prot. Engin. (1997) 1453-59;
25 Kobayashi, H., et al; Nuclear Medicine & Biology, Vol. 25, (1998) 387-393; or
Schmidt, M., et al., Oncogene (1999) 18, 1711-1721. In one embodiment the
optional disulfide bond between the variable domains of the polypeptides under b)
and ¢) is between heavy chain variable domain position 44 and light chain variable
domain position 100. In one embodiment the optional disulfide bond between the
30 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



descri bed bel ow see Fig 5a. Another preferred aspect of the current

i nvention is a trivalent, bispecific antibody conprising a) a full length
ant i body WP€010/i188R| y bi nding to hurman ErbB-3 and consi £CIIAF2e0/002005

anti body heavy chains and two anti body |ight chains; and b) one single
chain Fv fragnent specifically bindi3g-to human c-Met, wherein said single
chain Fv fragnent under b) is fused to said full |ength antibody under a)
via a peptide connector at the G or N term nus of the heavy or I|ight
chai n of steiivaieﬁu,llbispbeiﬁgtahtihmy bittigut Jasd optiorek displ fadeystalo heatmni ketweenuct ur e

o e o SO PR, Saliaind R hEF VLU sifite LA FaBHachRhbS gféa;?/etjr:écg Sb.

Accordi ngly the corresp on I ng trival ent? bispecl nt| wth the
scFv- Abnonencl ature in TabI e 1 were expressed an urified (see.in the

Exanpl es W&y thg)fusian ofia singksr ehairneHabs ki din emant t%@nedofstgﬁewmﬁwnﬁ (Fodor Fv

fragments Qispglopgy Mﬁ‘loﬁ oliv/ﬁ;e ﬁff@reﬁxﬂ?@l‘?gé&d%@tcdbétﬁ|h|ea\l'yeélﬁﬁx’ﬂ; cﬁ'ﬂhé hnply via a
pepti de connector at. the erm | ength

anti body. lepghhantibadyi(Eig é%i‘%)s?)gﬁtlerqgfm’?‘ﬂ% tE‘V‘f?lFéWPISI?“r‘fsfz%?‘?tm‘?%?'sre%lll‘tlsr| val ent ,
bi speci f | CT@ithpriooel yhecpiglds iofisuch héteﬁvdfméﬂc trivatyinh) basptecifimoantisPebB-3/angd | y

bi ndi ng g g/ﬁe{ n%léﬂ(ﬁ%s e)ae§3c ns' fn 1<9fful Mti%%ﬂ% cgf%\éyalt(épeﬁ'tggdand two

ant i body 15 y ep e conS| an anti y heavy
chai n var ithbl ékmtbﬂaiomqlm’-’l) technology whlchnw bl@@tgnbhéauy deteal rwitharseugree donai n

(VH) and a&aﬁ@iésqﬂ 70‘1'?Wﬁid§w]a (ﬁﬁl )et alBfoRkiA Ef@lsd 109kygent i de is

fused with nus the VH do connector to the

e T2y S Meothahoh Manciiadl Briarohanbte C0a ETa-boT oo b bogy s
pol ypepti dge Ciﬁfbsa&lbhn@rfatemr B8 @t 0PI ohiagRt arehalidted ab i iableasedaiami n (VL) ,

gL a?g) ngsqaeg%{)g%% tHg-)? Qﬁ_l?o Ihre]:ayyacr:llla?r?s ceon a?x%g%ése%vo%ﬁ?a %Bmaalnr;[sl B q}/ i ght
of the two CH3 domains (of the two heavy chains) can be the “knob”, while the
other is the “hole”. The introduction of a disulfide bridge stabilizes the
15  heterodimers (Merchant, A.M, et al., Nature Biotech 16 (1998) 677-681; Atwell,

S., et al. J. Mol. Biol. 270 (1997) 26-35) and increases the yield.

Thus in one aspect of the invention said trivalent, bispecific antibody is further is

characterized in that

the CH3 domain of one heavy chain of the full length antibody and the CH3
20 domain of the other heavy chain of the full length antibody 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

antibody, wherein the alteration is characterized in that:
25  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,

an amino acid residue is replaced with an amino acid residue having a larger side
30  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



wherein said polypeptide is fused with the N-term nus of the VL domainvia a
peptide connector to the C-termnus of the other of the two heavy chai ns of
sai d ful IWpepgynssat i body; and wherein the anti body heaPgTgR2a016/00200% abl e
domain (VH) of the pol ypeptide under b) and the antibody |ight chain

vari abl e domain (VL) of the pol ypeptd3le under c) together form an
antigen-binding site specifically binding to human c-Met. Preferably said
pepti de connectors under b) and c) are identical and are a peptide of at

| east 25 amdno acids, preferably between 30 and 50 amino acids. For
exenplary schematic structures see Fig 3a-c. Accordingly the corresponding

trival ent 1b)tlh§€?1@!<fo&r9aé€?ﬂhg%ﬁ§/er‘ﬂe£® {hg VENLrefbnonencl ature in Table 4 were

expressed and purifie see I n the "Exanpl es bel ow and Fig 3c). Optionally
t he anti body heavy.chain varjable donmpin (VH) . of the pol ypeptide under b)
and the anti tatyithinythe ergingl {niertags gpﬁlﬁnéﬁcgg‘% @3 &P"’%Hb¥lt%élf9f)eéi)ttl?ede under
c) are |i niRnAnsteFhchifithe fitht GHB dorhdih erithivaihe tdvslentf bidpedifié sigibody

i ntroduction of a disulfide bond between the foll ow ng positions: i) heavy

chain variabl e donai n .Qositi 4 Liah in.vari e iLn.position
100, i i\é) haéla%lng A nre§/1§1r1i§ 331Sbrleglrgl %‘frgl&tﬁ anoaglnb? gﬁafﬁ%a%oﬁqq}i?%% g@%glérn&@eari abl e
domai n posihainovolu®e, therabyigenbrating actasity within gisl iptedtageioh thxosscond€HD1 t o

li ght Chai(ﬂ)n’{ﬂ? mk@ﬁﬂméﬁ}o%E{aBEQQgﬁQQhé BRSS! ST SR 1 éigiim to EU

i ndex of Kabat Techni ques to I ntroduce unnatural disulfide bridges for
st abi | | zatRSHioARRledescribed e.g. in WD 94/ 029350, Rajagopal, V., et al.,
Prot. Engin. (1997) 1453-59; Kobayashi, H., et al; Nuclear Medicine &

Bi ol ogy, Makferabby s§ill%hiho 38wt dlitiue Havingharidiger dille cledin aloluméic edesial ( 1999)

18, 171 1-1721, In_one enbodi nept the optyonal disul fi ond b en the
var i anibe i the' BroPraS Rt pseRt wkltsndek “Btnyfle (€5 BR0RRT Wavy chai n
vari abl e doypophapd®)ti on 44 and |ight chain variable domain position 100.
hi one enbodi nent the optional disulfide bond between the variabl e domai ns

of the polypRPIHI{SHdUMIAS abl RBGuE halifig REWHRER siAE RHYinCIoRiHe is selected

from the group consisting of alanine (A), serine (S), threonine (T), valine (V).

In one aspect of the invention both CH3 domains are further altered by the
15 introduction of cysteine (C) as amino acid in the corresponding positions of each
CH3 domain such that a disulfide bridge between both CH3 domains can be

formed.

In a preferred embodiment, said trivalent, bispecific comprises a T366W mutation
in the CH3 domain of the “knobs chain” and T366S, L368A, Y407V mutations in
20 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
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 trivalent,
25  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
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
30 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,



vari abl e domain position 105 and light chain variable domain position 43.
(nunbering always according to EU i ndex of Kabat) In one enbodi nent

atri val erw9 2piogipessefi ¢ anti body wit hout said optional diPSUHIEPR@E/002005
stabilization between the variable domains VH and VL of the single chain
Fab fragments is preferred. By the fssion of a single chain Fab, Fv
fragnment to one of the heavy chains (Fig 5a or 5b) or by the fusion of the
di fferent pol ypeptides to both heavy chains of the full |engths antibody
(Fi g 3a - cdanebehededr dittimatively, ort addiadretly. i preéatdd example fodsaid ésvdlers, To

a1 - b b SpiesCiibey MR ARAEICHOBhbGipAs M e Ches el felnpbe
ant i body cdmirfeansl DSPBK; W3 S7TKemukaiiops iintthe Kl glomaiw o she gholghehain’i s
descr' bedaqnﬂm@@ﬁ% Ll“wy& Qcc%?dﬁﬁ%?d ERXAIR sicdnane. 9. VO 96/ 02701 1, Ridgway,

n"Eng 9 996) H 621; and Merchant, et al. , Nat
B| ot echnol 16 998) 677-6 .In th| hod. t he.Lnteraction surfaces of
the twg CH3 rprefgrrgd aﬂnf pth SRS, PHE ‘féPB‘&‘?‘iYeF‘?IEB’P?GSrP of both

heavy chaiTe600hatatibmdn e ©213 doméinSo ftitheetknebs Ehmh” ahd tT8668yvh.3681R, domai ns

(of the tv\ﬁé(??e\? H}{I(B#‘tpogllsgtf C(?ﬂé%% ta?neog !ﬁnoJB Ie c am ﬁq(aﬂﬁ) oggﬁ kﬁoéﬁe “hol e”.

The introd |dge St aBif152es odi et S
(I\/Er chant KNQE nettatigins in Mbe G(IHS3 Bpomaecof 6 (1@998)3h2811’7868]l339m3571<8 et

ta b9§ intﬁg@H@](ﬁ)?rY gﬁﬂ{é@w@qﬂafnncr eases the yield. Thus in one

aspect of tﬁe I nvention sai tr| val ent, bispecific antibody is further is
characterized in that the CH3 donain of one heavy. chai q) of the full length
f

ant i bd@y ardanotker gustegsdasAbetiment syt Hevalgat SH?ﬁ‘évicnaIH °dKe PMAMISFENgt h
anti body ewug49QTEEI66W rdtatibiseinf a6e oMieC ive THY usmsmaranars;cﬁmlnéﬁsgr face

bet t ti d : ' f. ' d
romote. t R neRl i iateRs b oesp Rt of bRaSBLF Hp clofife G FRUEmn e
al t er at i orbispectfivaamibody icoegprises YBAC, E}66Wemmdﬁod©habne of themev €313/ chai n
is alter eddon?a?' {Q?&sé%@"r%&@iﬁfs 'Y%bv' Lt‘i{l&?sclﬂ tﬁ@&&%@fﬂ@'@b@: one

heavy chain m%l na i nt er ace of domai n _of the
ot her Ifeavdoredins Andiadgitionelhe RIOIRE &-¥70Epmatssions iie the(Ghbbdpmaim obho aci d
resi due i sn8pd JRAH” Wnll (DAVIGNERS7IAGhE a6 HUtheN@MBNgbrAaih 35108k Holke

chain”.

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

comprising

20  a) a full length antibody specifically binding to human ErbB-3 and consisting of:
aa) two 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 heavy

25 chain constant domain 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

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

30 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



chain vol unme, thereby generating a protuberance within the interface of the
CH3 domai n of one heavy chain which is positionable in a cavity within the
i nt er f acewof0tmasBR3 domai n of the ot her heavy chai nand PEY/EPR@0CHIZ OMAI N
of the other heavy chain is altered, so that within the original interface
of the second CH3 domai n that neets-Bfie original interface of the first CH3
domain within the trivalent, bispecific antibody an amno acid residue is
replaced with an am no acid residue having a snaller side chain vol une,

t her eby gener atlinkgr haveanietof thé faliowingherderstie N-tecmirad ta Gdesmoalnd CH3 domai n
Wi t hin which a(m:e%{igp.erance within the interface of the first CH3 domain is
posi tionable. Preferably said am no acid residue having a | arger side chain
volune is selected fromthe g\r/ou consisting of arginine (R), phenylal ani ne
(F), tyrosine (b® VH-GHbt-bpkdn %\ﬁé)lfa OPIbB}gPa(EE}}l@ﬁﬁ'H e acid residue
having a smaller side chain volune is selected fromthe group consisting of

al ani ne (A), sekhéein(s2d litker @oapdpeide Of at léast BO@m(iNg acidld) peéteraBBpect of the
i nvention both bCI—B doizi rhcsis(?re. furt({*n_er altered by the introduction of
cysteine (O asPAWFHL 28 ARELS

rrespondi ng positions of each CH3

domai n such that a disulfide bridge between both CH3 domains can be forned.
I n a pref eandewheraicdidsingle chain dfab fiagmertinindebbkip duseflite swd fplt lepgth a T366W
mut ati on i ), i . N i . Y407V
nmut at i ons e{hrtll%p ﬁ}é%éqgg%aﬁébglg E![S ﬁrén_e'léﬁg:agthggi&ny q%%nggsg?{tﬁflghg i nrt erchain
di sul fi de light gheinercfaly ahtheteraniitsiod thechgavy chynhef gkl Igegtbhant, A M,
et al., Nafq#bedi otech 16 (1998) 677-681) e.g. by introducing a Y349C
mutation into the CH3 donmain of the "knobs chain" and a E356C nutation or a

S354C tation into. the donmi n, of the, "hol.e, chai.n".. Thus in a anot her
pr ef erlgigd enbod‘fvﬁ’gﬁ‘t“,sakda?%ﬁ@?f’%egmr,ls hpehtide of f“cleﬁsﬁts'iaﬁ%l&?/ aff%iﬁ’pri ses Y349C,
T366W nut at i onspreferanye betfveeh 0 tand SCafhigtomadns and E356C, T366S, L368A,
Y407V mutations in the other of the two CH3 domains or said trival ent,

DL P 1 SR PSR ICTF AR b oy 1 0 O
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,

15  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
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”.

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

comprising

a) a full length antibody specifically binding to human ErbB-3 and consisting of:
aa) two antibody heavy chains consisting in N-terminal to C-terminal
direction of an antibody heavy chain variable domain (VH), an antibody

25 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
direction of an antibody light chain variable domain (VL), and an antibody

30 light chain constant domain (CL) (VL-CL).; and

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



the other of the two CH3 domains (the additional Y349C nutation in one CH3
domai n and the additional E356C or S354C nutation in the other CH3 domain
form ng awonvevabsen di sul fi de bridge) (nunbering al way®Camposidionzpos o EU

i ndex of Kabat). But al so ot her knobs-in-holes technol ogi es as descri bed by
EP 1870459A1, can be used alternativeBg-or additionally. A preferred exanple
for said trivalent, bispecific antibody are R409D;, K370E nutations in the
CH3 domai n of the "knobs chain" and D399K; E357K nutations in the CH3

domai n of the "whéreincdaid sifiglé chaihdivi firapnadnnvayder &) cofudédiy sanl Bl lemgthx of

Kabat). | anot fieg, Rt 6h 0150 erBadEERincal d: el A tfliomAha0BEME] ¢_ant i body

conprises a T36 I on omal n o aln and
T366S, L368A, meonhgbnqh@ms(prqfemahb/m@ﬂmmuwf thﬁéeawmhémaﬁ& n" and

addi tionally R4g59(pfulﬁ3_g§}§aﬁy5@4}1 Qpg in the CH3 donmin of the "knobs chain”
and D399K; E357K nutations in the CH3 domain of the "hole chain". In

anot her_preferred enbodj nent. said trival ent ecific. antibody conprises
Y349C, ST366W nutVAEEBHId PEPGLE CRNSCins it §BeRHdS o géﬁ@i"‘ﬂéf apigo sslic, ” 13665,
L368A, Y407V nupreferablg betwekbh@ 0@ht 60 aafind bedg.wo CH3 domains or said

trival ent, bispecific antibody conprises Y349C, T366W nut ati ons in one of

the t . th

of the_ t oG R rROmeae Protably She A, SISiRE R BbLPMmERsce, Ot 1y
domai n of ThedWkmulstior fimione of e UBD@II(B &snaiks ofiead 13AES, h3§8rfe ¥ Vonai n of
the "hol e ghaiins i IR RO HIRIN3 QI)mEn*ﬁ@ aﬁ& rn'i&BtpréfEI\éBl'}I {henriv8lent,

trivalent, bispecific antibody co n‘BI’I si.n full Ien%th ant i b(gl%
speci f1&al Pispesifiriantipady sompieENFES, 476 oﬁ’é’itaé‘tof‘ﬁd)n gpe of he fyp %/l body
heay)t/) ghalhd'&n&ﬁﬁlﬁf aiid BY54M l(JclNEE%m)miB&{/S? 1368 A[ Y40AY rgmtaﬁb@rts mrthé)bthlaﬂ b
anti bo e cha ria 0 n. : ant i t vy chain
domai n { (gﬁ\% th?nbgrzi RS- E?Riﬁ’g‘gt%éé S#E(W%Odngﬁntbtﬁ?i agerﬁ gae(f/m?ﬁa%/n
const ant darrtﬂuodyZ:o(rﬁizés R40RD aK 330K irbatatjoriseiavthe (P ldommst)ﬁﬁte dowhbn 3
(CB): andi Sty R Habyd i alablal e CRNRkRkY Boeobleiginal Lo

T ecntl on o d I

C-terninal © an anti t charn variab omain (VL), and

an antlbod
¥hus a preferred embodiment is a trivalent, bispecific antibody comprising

a) a full length antibody specifically binding to human ErbB-3 and consisting of:
aa) two 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

20 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
direction of an antibody light chain variable domain (VL), and an antibody
light chain constant domain (CL) (VL-CL).; and

25  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 - terminus of the heavy
chain of said full length antibody (resulting in two antibody heavy chain-
single chain Fv fusion peptides) ; and

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



i ght chain constant domain (CL) (VL-CL).; and b) one single chain Fab
fragnment specifically binding to human c-Met), wherein the single chain Fab
fragment wWOngigtls®2 an anti body heavy chain vari abl e dom&TEPROABN0AOT an
anti body constant domain 1 (CH ), an antibody |ight chain variable donmain
(VL), an antibody light chain consta-domain (CL) and a |inker, and
wherein the said anti body domai ns and sai dl i nker have one of the follow ng
orders in NNtermnal to CGtermnal direction: ba) VHCH -Ilinker-VL-CL, or
bb) VL- CL-Ihi ailpesferved €hibpdineat eshid gnvatént,i bikeacifics antibpdyt ¢aeprises as firshst 30

inate chaiopAE B LPeUREETLrdh FOpa P 2rbplimafiOf UMD Moty

under a) W@:2, pispseadad caniihody oheayty elpincsingle Nhainefiyi fiROHPEPHEE Heavy or
light chain(RLEREEADES IBINONE, Gnd BidTaitbddlighéhaliRaNSBHED NO:08. sai d ful |

| engt h anélbody; wherei'n said peptide connector is a peptide of at least 5
am no acids, preferabl et ween. 10. apd, 50 ani no ids. Wthin this

rbodi dentin b PEERSbRTPOREE (gl Bifalenh; SSREIN IR bR LSS a Tacew
nut ath ion iaﬁhtibﬁ?y (hﬁa\tyhehaﬁmosiﬁgﬁ chairaFnsfusibn geptid8 a6 ypepBidé, of YSEXZUDut at i ons
in the ot . t he t omain d r r abl . .yal ent,

bi speci fi *ﬁé P b%?dﬁe‘i?\é\‘ﬁp?q@é’gygg‘?f’dz g%'%‘g&;“%ﬂﬁoa%%%g‘n?i )rﬁ“%‘ﬂg ‘%ei’{‘ifﬁeaet wo CH3
donai ns ofpdyp8864£SEQIIDEIOE0) and 8@6@:tibods Sight chpdE\wfMRQID H2:31n t he ot her
of the two CH3 domains. Optionally in said enbodi nent the trivalent,

he " knob o e R e B et e ™ hol
: > ; lons I, e donual e "hol e
chai n"10 ArstiRedy brbbarhaint Slaglet%@"bg? HBsipn Bepifle opPYRSPLAE ot SR D
B! sg_eci fi CN?EK?J', b&%ﬁemﬁpaﬁmﬂdﬂg Bavy f:miih-f |sérplit Fehaint ifvodysiepampfidead | y

i nding to human .Er pB: consi stin oaa and ! chai ns
consi st i nd’qlweﬂ?lg‘épﬁﬁéﬁéllﬁ?lgo - t’é?m%%tg)loﬁi g?]lgli’to%h\%%%s oz%g%qglly tI)\}otg’?/X%eavy chain

vari abl e domain (VH), an anti bO(?/ constant heavy chain domain 1 t(CHI), an
anti body Hinngerefeyed emblemengrsaid trivalent, bispecific antibody comprises as first

antibody heavy chain- single chain Fv fusion peptide a polypeptide of SEQ ID
15 NO:35, as second antibody heavy chain- single chain Fv fusion peptide a
polypeptide of SEQ ID NO:36, and two antibody light chains of SEQ ID NO:37.

In a preferred embodiment said trivalent, bispecific antibody comprises as first
antibody heavy chain- single chain Fv fusion peptide a polypeptide of SEQ ID
NO:38, as second antibody heavy chain- single chain Fv fusion peptide a

20 polypeptide of SEQ ID NO:39, and two antibody light chains of SEQ ID NO:40.

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

comprising

a) a full length antibody specifically binding to human ErbB-3 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



anti body heavy chain constant domain 2 (CH2), and an anti body heavy chain
constant domain 3 (CH3); and ab) two antibody |ight chains consisting in
N-t er m naWote10316%2m nal direction of an anti body |i ght PCh&iPR010ANI0EHI e
domain (VL), and an antibody |ight chain constant domain (CL) (VL-CL).; and
b) one single chain Fv fragnment spec3§ically binding to human
c-Met),wherein said single chain Fv fragnent under b) is fused to said full
| engt h anti body under a) via a peptide connector at the G or N termnus
of the hedyy mlypepgt¢ catsating(offr ef erably at the C-term nus of the heavy
chain) of said I ' I - {/anSal d peptide connector is
a peptide of atgall)lggg{lt%e%g&g@%%?ﬁ%ﬁ%?%géﬁ%b?men 10 and 50 am no
aci ds. Wt hi n tbh)enentieatiyheavy chrievanaite gompia (K’ﬂ)\ﬁaﬂ@ﬁtaptlb@@peci fic

anti body conpriggsiag dod@ANM ety on in one of the two CH3 domamins of and
T366S, L368A, Y407V nutations in the other of the two mai ns and nore
preferably the Whdrigisaidpolyepide isrusedpith fsdy-tBHBYS @éﬁiﬁ%alﬁsaaw

m?J)tE:5 gti onsoi N onga @peptide ddﬁﬁe&])ﬁtoﬁﬁmi-t?ﬁniﬁﬁs aflﬁheszﬁ’iﬂgtv(f@heﬁ@%ﬁhs oT3|6|68,

L A, Y407V mut a s in the other. of .the t CH3 donml.ns tionally in
soid erbodt nentarhaftireh ahifodSirShiReh A% s Lo S VERRED, (7ot
mut ati ons i n t pepGid) wiareinrsawlf peptide tdmebter cheepaptidanfatD8e® K aniBé&7K nut at i ons
in the CH3 dO”Bdcﬁhs?{xe%é?&bﬁ?}%%lfeeﬁ%ia'ﬁ';'i-s_oEk}Hﬁg g%{&)%;eferred enmbodi nent is a

trivalent, bispecific antibody conprising a ull length anti body
specifically bindi ng to human ErbB-3 and consisting of: aa) two anti body
heavy 18hai P& Robrsptids eapsisHngoferminal to C-terminal direction of an

anti body heavy dfah Bntitydyaiphe cliiaiRimabidMdmaia fvantdrbody constant heavy chain
domain 1 (CH ), .an antib hi hge reqi,0 HR) n_anti bod eayy chain
constant domi rfbga’(’ %Qdﬁ{ﬁﬁ“ ﬁﬁaqﬁﬁ?ﬁl‘g’&%@o‘ﬁ%’ﬁ\;yl‘gﬁﬁgﬁn %ﬁ%‘%/dgnig?‘gormi n 3
(CH3); and ab) dhaim cnstabodhymadin@iL);chai ns consisting in NNtermnal to
Ctermnal dir ' f1 9 ﬁ? ' i ' oXR| V), and
an anti body i éﬁltlér%ﬁaslglrﬁl cé S glg?%%?réglg@ &%; ?%EM%{ &qhgh@’ W%ﬁgldgi ngl e
chai n 1Bv f r agnenpepsige eptrestar ity thei Grégragnuset hercofiyae §wo 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 a preferred embodiment said trivalent, bispecific antibody comprises as antibody
heavy chain - VH fusion peptide a polypeptide of SEQ ID NO:11, as antibody



wherein said single chain Fv fragnent under b) is fused to said full length
anti body under a) via a peptide connector at the C - term nus of the heavy
chai n of w@i2d10fuub3s2| engt h anti body (resulting in two anPChoERglase209s

chai nsingle chain Fv fusion peptides) ; and wherein said peptide connector
is a peptide of at least 5 amno aci®s,In a preferred enbodi nent said
trivalent, bispecific antibody conprises as first antibody heavy chai n-
single chain Fv fusion peptide a polypeptide of SEQ ID NO 26, as second
anti body Heavy cbhimi n-VEi figloa pémtide F\vdlyepbde pépSEQellh YOI lgpepdi o of SEQ
| D NO 27, ns of SEQ ID NO28. In a preferred
enbodi nenta%gglowgﬂv 12%9}"8%{)2[&31(\:1'6!)'%(: anti body conprises as first antibody
heavy chain- single chain Fv fu5| on peptide_a pol ypeptide of SEQ I D NO 29,
as second lampretearpd sBpdinagn said teyalentebispreitic ayibody comppesstas datigody

pol ypepti dga¢y BER | PHNRiskh paptiliet Mo%%btli&dbff KEQhID abei1as a9fanfbédy D NO: 3

1. In a preferr d. enb ggﬁnt sai d trival ent. fS@gﬁS ﬁﬁ t5| bogy conpri ses
as first dise ihgaV 100 PeRtfdeq p POlYREPHAE P $ERo ng d&0S B9 ypept i de
of SEQ I Dzﬁi@bB&y liglt cheimeof SEQLITbNGy1deavy chain- single cha| n Fv fusion
pepti de a pol ypeptide of SEQ ID NO 33, and two anti body |ight chains of SEQ

I D NG 34. | | f bod
conpri ses 10 eP ShibEiigR R I MeR bpddad Mty cBpASH bty PO
pol ypept i dwawy cBEQ 4 MH\I@!SB@ pepti @@an@d%@ﬁ§EQ3§9W@H& as astibedye chain
Fv fusion pgap Q& éiiﬁma pvtyﬁﬁmd geptm‘e e ngh@%@ SBQAI Weoanst iaaadivd i ght

chai ns of referred odi ment said trivalent,

bi spedif i @n&ht)iilbbﬂlﬁﬁ C@B%Pf§ggp§sNﬂ F5t antibody heavy chain- si ngI e chain
Fv fusion peptide a pol ypeptide of SEQ ID NO 38, as second anti body heavy
chai n- si niglaeprefeaded eﬁiboﬁuﬁermﬁalﬁeﬂtzaldﬁ bispal fypapitiode compBEeS dsBnibdBHO, and

two anti bﬁ%ﬁéﬁ b, U3 Bl o2 e%ﬁ%e 0l gﬁ’tfdeAQP’s?%{)Iﬁrﬁé%W%Q anfibod a??

current Ic an I S ng
| engt h anthdamyiychameel ViLc fiision peptcdeng pcdypﬂpttdﬁ CFfr %WBII&NO@dnsalndt Wiy of aa)

two anti bo %Xg gﬁﬁéhtqjﬁgmg%fggﬁﬁt@@zl n NNtermnal to Ctermnal direction
y ari a

of an anti hain v |'e domai n (VH) an anti body constant heavy

chai n domsu n 1l CHI), an. anti body hinge regjo an
In a preferred embodiment said tfivalent, bispecific ant1 ody comprises as antibody

heavy chain - VH fusion peptide a polypeptide of SEQ ID NO:23, as antibody
heavy chain — VL fusion peptide a polypeptide of SEQ ID NO:24, and two
antibody light chains of SEQ ID NO:25.

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

20  according to the invention comprises

a) a full length antibody binding to human ErbB-3 consisting of two antibody
heavy chains VH-CH1-HR-CH2-CH3 and two antibody light chains VL-
CL;
(wherein preferably one of the two CH3 domains comprises Y349C,
25 T366W mutations and the other of the two CH3 domains comprises
S354C (or E356C), T366S, L368A, Y407V mutations),

b) a polypeptide consisting of
ba) an antibody heavy chain variable domain (VH); or
bb) an antibody heavy chain variable domain (VH) and an antibody
30 constant domain 1 (CH1),
wherein said polypeptide is fused with the N-terminus of the VH domain



anti body heavy chain constant domain 2 (CH2), and an anti body heavy chain
constant domain 3 (CH3); and ab) two antibody |ight chains consisting in
N-t er m navoto10d4s3sem nal direction of an anti body |i ght PcCha&Paowanioabl e
domain (VL), and an antibody |ight chain constant domain (CL) ; andb) a
pol ypepti de consisting of ba) an antifpody heavy chain variable domain (VH);
or bb) an antibody heavy chain variable domain (VH) and an anti body
constant domain 1 (CH ), wherein said polypeptide is fused with the

N-term nus of thda Yldepiddadianneitar @ the Qttetrinap ofiet afithe ové heav@-dheingi nus of

one of the two hegay: ] asaid full length antibody (resulting in an
anti body heavy cﬁgsfiﬁl ﬁn%@%%ﬁ%‘%’% eptide) wherein said peptide connector is
5

a peptide of at |least 5 amino acids, preferably between 25 and 50 am no
acids; c) a po layedyneptide é@ﬁssltlslgioﬁg of ca) an antibody light chain variable
ggmalb gd§/ VlL_),hgr %%naﬂti@dzﬁw ghéihgﬂﬁ%tﬁ@)ébrﬂa%%‘&ﬂ@,b&e dgmalln (VL%_ gnd_ an

i ght chain consfant donmain. ; erein sai ol ypeptide is
fused Wi th the I\Pt’c)éP#PWB&dYgfghctﬁ@alvﬁaﬂﬁ%pﬂm@‘i“a&j‘)ﬁ@glapﬂg&&%ﬁﬁ or to the
C-termnus of thehafi brktadf déhsin(®D);heavy chains of said full length
anti body (resulti in nt i bqad eavy..chain.- VL fusion, pepti.de);
wher ei n” sai d pep‘f’F%SmcsBﬁ:%O?Y%efp%ggY% @5% nggpmtlg't?rﬁgn%se% tlhﬁgl Lc%ﬁﬁ%lgt or under
b); and wher ei n tihe paptiddaomettontopthe Katerminas phthe®thkwéithe twoHheavy t he
pol ypeptide undeg,, 'so?@?idtfﬂﬂ 1&%&1{ Qﬁﬁ%g},l ght chain variable domain (VL) of

er for

t he pol ypepti de under c) toget ‘an antigen-binding site specifically
bi nding to human c-Met. Wthin this enbodinent, preferahly the trivalent,

bi speditf i ¢ artnidpBFeiachprntirody heasedwyarblestomain (KE) 6f hehe two CH3

goma! ns of dand Tfiseptiie GRder bY4Ad YoahtiBbdhghticRainharigblelonin (ViE) 6fr0 CH3
omains and nore, rpg y%ggt?(léluntdgre c)ttE)Igc\altﬁérefgxt'rr’l an antigen-binding site specifically

binding to human c-Met.

Tetravalent bispecific formats

15 In one embodiment the bispecific 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).

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

antibody comprising

20  a) a full length antibody specifically binding to human ErbB-3 and consisting of
two antibody heavy chains and two antibody light chains; and
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
25 or light chain of said full length antibody.

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

antibody comprising

a) a full length antibody specifically binding to human c-Met and consisting of two
antibody heavy chains and two antibody light chains; and
30  b)two identical single chain Fab fragments specifically binding to human ErbB-3,



bi specific antibody conprises Y349C, T366Wmutations in one of the two CH3
domai ns of and S354C (or E356C), T366S, L368A, Y407V nutations in the other
of the twyoCHB/d&sRai ns. Optionally in said enbodi nent tR€TEPRVI06INDS

bi specific antibody conprises R409D;, K370E nutations in the CH3 donmain of
the "knobs chain" and D399K; E357K matations in the CH3 donain of the "hole
chain". In a preferred embodinent said trivalent, bispecific antibody
conprises as antibody heavy chain - VH fusion peptide a pol ypepti de of SEQ
ID NO 11, aswhertinbaitlysieglechainafab fragvbentsisndsm bpepst fuded o grod ybpnigthe of SEQ
ID No 12, anaqlgbpﬁ) eﬂfe'rlaf%éﬁ nhe?&ﬂieeﬁrg{jthg@dr%-%iﬁgis of the el ef erred
enbodi ment said r¥va ent, bispecific antibody conprises as anti body heavy
chain - VH f usilight geapn pHiseid fdblepgidpniibedyof SEQ 1D NO 14, as antibody heavy
chain - VL fusion peptide a polypeptide of SEQ ID NO 15, and two anti body

light chaipg sffex8EBlalPsdienatib strhdtur seé 8fged ed enbodiment said trival ent,
bi specific anti body conprises as anti bo heavy chain - VH fusion peptide a

y

pol ypeptide of SEQ ID 17, as antibody heavy.chain - f s eptide a
Dol ypopt 1 danghersayerd Nahe1 gl ArbA ASa 1 ghi deiaihs §RAEIETD o
19. In a pamibedy esmpridingli ment said trival ent, bispecific antibody conprises
as anz! Eogy heavy chain - VH fusion peptide a polypeptide of SEQ ID NO 20,
as antibo al N:1- i I i i

and two an i%o %yﬁng%h%&g)ﬁg%/hsg%ﬁ&%% ﬁ?%&%@z}%@nﬁgﬂg? ea? grdra;elzl1 e gg)i Ee?nf b
sai d tri vaiwemntibpily heaviyichaing ed preignieadylicheehains: 8l i body heavy chain - VH
fusion pephy e ideRhYRLAL cHEn Ty dni dyekifi3allbindinigitb bdyaheaMyt,chai n - VL

fusi . : ; . .
of - SEQ b N el bl Shalp EE g R PEAT TR FOR A vl ont |
gln tslpgg 121 ; i (t:) i ﬁgzi‘adtib@dj(; uﬂﬁe}w) eangpéptide leennectozrat t}m][C-aanﬂ)-rﬁeHgiﬁlug))f %wfh@bwyl engt h
n.Er oNns: ing of two antibo eavy chains
VH CH1- HR- Clﬂzgr%ttﬁlﬁ%ngaﬁalgr@ﬁ@%g@ E{}ll?llgl;)ﬁ{ly'chai ns VLCL ; (Whgrei n %ref erably

one of the two CH3 domai ns conprises Y349C, . ) )
Another aspect of the current invention therefore is a tetravalent, bispecific

antibody comprising

15  a) a full length antibody specifically binding to human c-Met and consisting of two
antibody heavy chains and two antibody light chains; and
b) two identical single chain Fv fragments specifically binding to human ErbB-3,
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
20 or light chain of said full length antibody.

For an exemplary schematic structure see Fig 6b.

In one preferred embodiment said single chain Fab or Fv fragments binding human
c-Met or human ErbB-3 are fused to said full length antibody via a peptide
connector at the C-terminus of the heavy chains of said full length antibody.

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

comprising

a) a full length antibody specifically binding to human ErbB-3 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
30 antibody constant heavy chain domain 1 (CH1), an antibody hinge region



T366W nut ati ons and the other of the two CH3 domai ns conprises S354C (or
E356C), T366S, L368A, Y407V nutations); b) a pol ypeptide consisting of ba)
an anti bod9 2nwanyssehai n vari abl e domain (VH); or bb) anPaemtEPbadpoivenvy
chain variable domain (VH and an anti body constant domain 1 (CH ), wherein
sai d pol ypeptide is fused wwth the Nyggerm nus of the VH domainvia a peptide
connector to the C-term nus of one of the two heavy chains of said full

| engt h anti body c) a pol ypeptide consisting of ca) an anti body |ight chain
vari abl e domai MHRY|-3n araibod heavy cnir domdtant dayhdin HEIHL)yand andngibddyrai n (VL)

and an anti body |ight .chain n L0 (CL); wherein said pol ypeptide
is fused with %1}? V’ﬁfh[ﬂ%? ﬁ?‘?‘fﬁaangf)%ttaﬂi? @@g%ﬂi n via a peptide connector to
the C-term nus ab twéalentiba antibodyhéght whaiheeansistingimy-tgrmingl @ G-ul | | engt h

anti body; and \3@&5- L4; ' A | | [ of the
pol ypepti de under, lg?lrha_{%%ﬁ?ﬁg%gg%%bggg%%m ﬁ?ﬁcﬁhﬁ[évﬁﬁgﬁg dc?%gi(aﬁl_% VL) of

t he  poPypept i deantiheidy light Cilé’@(ﬁoﬁgﬁntf‘lﬂ‘l?ﬁ%gplah(t\{lggﬁ‘)biaﬂ‘ai ng site specifically
bi nding to human c-Met. Tetraval ent bispecific formats I n one enbodi nent

t he bi spediftive saiplé &ty Fats fragidemg speeifidatly bmdemg fotiunian d-Metaval ent, wherein

t he anti gen-binding.sjte(s) that I fically.bi . -Net, inhibit
e 2T ber Bl E FRRBRLhERC D LA PRy My ™
asp_e(gt OIof t he _C\La!ritabletdoirrmine("l‘t’llﬁmnd freardbodp constant demary h(@hl), abi speci fi c
anti body conpri Sk: . t At} SRESddy D peki to h

Er bB-3 and consﬁélglp?%}agé%@ %‘%Y&hﬁ?@a@ﬁe& ’%:{%al ns dglr}i?lltt\l?\%algggl%%gy Ioi gﬁ?an
chai nd0 and b) domepin feh) anska linkesand wheaein thesid antihedydomamsandisad | y

bi ndi ng t o humaghier Male onthiiRd folpMikk SidBalis Noh@maFaPCitemg@nt s under b)
are fused to sg;r,d full length antibody under a) via a peptide connector at

the G or N teHHRCHOR of the heavy

ba) VH-CHI1-linker-VL-CL, or bb) VL-CL-linker-VH-CH1,

wherein said linker is a peptide of at least 30 amino acids, preferably
15 between 32 and 50 amino acids;

and 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;

wherein said peptide connector is a peptide of at least 5 amino acids,
20 preferably between 10 and 50 amino acids.

The term “full length antibody” as used either in the trivalent or tetravalent format
denotes an antibody consisting of two “full length antibody heavy chains” and two
“full length antibody light chains” (see Fig. 1). A “full length antibody heavy
chain” is a polypeptide consisting in N-terminal to C-terminal direction of an
25 antibody heavy chain variable domain (VH), an antibody constant heavy chain
domain 1 (CH1), an antibody hinge region (HR), an antibody heavy chain constant
domain 2 (CH2), and an antibody heavy chain constant domain 3 (CH3),
abbreviated as VH-CH1-HR-CH2-CH3; and optionally an antibody heavy chain
constant domain 4 (CH4) in case of an antibody of the subclass IgE. Preferably the
30  “full length antibody heavy chain” is a polypeptide consisting in N-terminal to 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



or light chain of said full length antibody. Another aspect of the current
I nvention therefore is a tetraval ent, bispecific antibody conprising a) a
full | engvb2amviibisdy specifically binding to human c- MePCaAFP2€10/08108% | ng of
two anti body heavy chains and two anti body |ight chains; and b) two

I dentical single chain Fab fragnents4¥pecifically binding to human

Er bB- 3, wherein said single chain Fab fragnents under b) are fused to said
full length antibody under a) via a peptide connector at the G or N

t er m nus antibbdy hightvghain vhnghle dohmim (VL),saiddanf antibodgrigghh chaihi dsadtant For an
exenpl ary g ' > A C rent

I nvention @ﬁ%ﬁﬁgg’ z?[)tsbl;ééw%tgé ?‘3\5/‘2? %Wlﬁeﬁéﬁéﬂg’?w@‘éﬁ?‘ ?@o%?fg%gﬁrg?fng%g a) a
full 1 engtLlasen bolykanpaker} tambga)iThel e fulblengitantibpdieripingage Hoked st i ng of
_t\ggnfnf: ;qugetml a/ihlﬁé}a;sdgype?)ﬂde HYéﬁltfﬁlétHohﬁgyetWelgxPihe?@HBﬁhinad?ﬂt hdaé CHYO ot

i [ 'ngle chain Fv_fragnents specjfic i ndi ng to hunman c- ,
wherei B seAama ﬁgﬁ depregnnihe NHge R of fhe é\ll?$§r¥gékf én&%@dh%ysfél?alsf ul |

I feng:1 h ﬁntEMeMﬂd@picﬂ)fuﬂi 1311?h papbidies fronaredl antibdbdiehBkEClg® (e.§f IgGer m nus
of the heay j\ght, .chai said- f.ul | ngt.h anti body. Anot her, aspect of
The. curr et indlab vy RN deflr oRR 165 s R PORpERt oo iRk A Ty
conpri si ngnegntianfaahlbel oyt rsiagkei dpedipgs spe hufmasadt thepicadibegchimenzedaor c- Met
and consi st.jng: [ y ' : ' y: Light  chai ns;
and by T bl DR AP ity BRBARD RIS PR kB T
human 1€r bBomprispdve;antigen hinginggsitessagh dommeds pyagmait af VHoRd ¥} afecl used to
tsal d full l#&l?ﬁﬁ&ri]ﬁébﬂlyttﬁﬂd’ t@ﬂ%%mﬁé af(tig’tfr@TBé(Fj@-]Eéi‘flhlirﬁﬁrﬁfet?EQ{eaff 8{: (ﬂj‘i@h@;: or N
ermnus o e. he or |i i n of _sai u .en | hody. .For an
exenpl ary %hé’r{’e%%%afcﬁi{é]t ?B@'{I‘L?g’é‘i’gé’égﬁoée%%‘.e?ﬁﬁ apye B‘f‘@@gﬂ}ee(gﬂmwgﬂ%nt sai d
si ngl e chadaid hedvyar 1fght thaignEhd N-fermihus @f hwerhcavy-dyight chhinnefrsatd Bk 3 ar e
fused to said, ful. engt h ti;hQdy .vi eptide nnec .

Cterm nuglen ht {elt%(ie}’ag%oé%:{lﬁﬁslgégf%%lé? 2acfd u?tl B‘I‘%eﬁbﬁ%&%%i (E)fg{ﬂ/&hﬁ%\g/fﬁrer

enbodilfentlight chdie current invention is a tetraval ent, bispecific antibody

The term “peptide connector” as used within the invention denotes a peptide with
amino acid sequences, which is preferably of synthetic origin. These peptide
connectors according to invention are used to fuse the single chain Fab fragments
to the C-or N-terminus of the full length antibody to form a multispecific antibody

20  according to the invention. Preferably said peptide connectors under b) are peptides
with an amino acid sequence with a length of at least 5 amino acids, preferably
with a length of 5 to 100, more preferably of 10 to 50 amino acids In one
embodiment said peptide connector is (GxS)n or (GxS)nGm with G = glycine,
S=serine,and (x= 3,n=3,4,50r6,andm=0,1,20r3)or(x=4n=2,3,40r5

25 and m=0, 1, 2 or 3), preferably x = 4 and n= 2 or 3, more preferably with x = 4,
n= 2. Preferably in the trivalent, bispecific antibodies wherein a VH or a VH-CH1
polypeptide and a VL or a VL-C L polypeptide (Fig. 7a —) are fused via two
identical peptide connectors to the C-terminus of a full length antibody, said
peptide connectors are peptides of at least 25 amino acids, preferably peptides

30 between 30 and 50 amino acids and more preferably said peptide connector is
(GxS)n or (GxS)nGm with G = glycine, S = serine, and (x = 3, n=6, 7 or §, and
m=0,1,2o0r3)or(x=4,n=5, 6,or 7and m=0, 1, 2 or 3), preferably x = 4 and
n=35,6,7.

A “single chain Fab fragment” (see Fig2a ) is a polypeptide consisting of an
35 antibody heavy chain variable domain (VH), an antibody constant domain 1 (CH1),



conprising a) a full length antibody specifically binding to human ErbB-3
and consisting of: aa) two identical antibody heavy chains consisting in
N-t er m navot0100t1835m nal directi on of an anti body heavy @ERaUEP2MQ00205 e
domain (VH), an antibody constant heavy chain domain 1 (CH ), an anti body
hi nge regi on(HR), an anti body heavy-4hain constant domain 2 (CH2), and an
anti body heavy chain constant domain 3 (CH3); and ab) two identical

anti body light chains consisting in NNtermnal to Ctermnal direction of an
ant i body langhitibolgilighy @haiabyaiatiendomaia\(VL,), anchnsibodyilighbdlaih i aphstantai n

const ant V i an@éﬂ;
specific aﬁ%%dp f]éd%gn({ hﬁ‘%’?ﬂwh%&%ﬁa %h ?'dg%ﬁm%ﬁl ldﬁglﬁ(ae:; ?11 fragnents
consi st ofofethe &rﬂqvuoﬂ prigssiry Neteaninal, g Catbmmgbdlmﬁlopwb VihgHarinderi body

const ant B VP k-8 -0rRdYe)! Vgthanﬁ('eflV‘LaCqubﬁ dsiowmlcn( M), an
antlbody I| ht chaln constant donain | i.nker o’f% wherein the
I

sai d aft i Dodgr-NEhbdn and wherein st |1‘ﬁk%rrisﬁd¥PéyR?H83%Pf?W§aﬁi BHPAG e ders in
N-t er m nalpréferdbty 8etiWeral32dhiE I Miino th%)dsVHaﬂ'lblngllel dHaat Fib - fﬁgmeﬁtsbb))

201 ds, | " éﬁ‘iﬁﬂ“ﬁeﬁ&@e@ﬁé@ R AR B vt o D
chain Fab dndadyrevit <CHintlakerbYHeCle, fates athbilized avid fh@l haﬂumhgdlhulﬁdellbmdiy under
a) via a RERlidenenaGham d{gﬁgzﬁx dBmalt. Tl @iy R Rfmidie degy uy |1 oht

chain of sard ereln sa e connector is a
pepti d@ oflagtamisagicidso ﬁlieﬂm\l:;tealtélilrulgv3 The derar & Grtym@vwéﬁotmﬂmfsis@ma}ﬁ no

aci ds. ThelEsfthe CUHelmingggt h anti body" as used either in the trivalent or
tetraval ent fornat denot es an antibody consisting of two "full length

antlbodyha chain d.t “full |ength t d ht g

SR R N I e
in N- ter n‘ife@metn@s ﬁdtcmhmesalpeﬂtldewﬁﬁlmmmcb acid saqudnbes) whihais\prefhmbty ofar i abl e
domai n (V) a{jhaﬂtgfnb?ﬁx ¢ pggga@s%c&%ﬁg oo APPuLEato bifdla) wiRRrANt | body

hi nge regi ah an
15 to VL—CL b) VL-CL to VH- CHl ) VH CL to VL-CH1 or d) VL-CH1 to VH-CL
to form the following single chain Fab fragments according to the invention a) VH-
CH1-linker-VL-CL, b) VL-CL-linker-VH-CH1, ¢) VH-CL-linker-VL-CHI1 or d)
VL-CH1-linker-VH-CL. Said linker within the single chain Fab fragments is a
peptide with an amino acid sequence with a length of at least 30 amino acids,
20  preferably with a length of 32 to 50 amino acids. In one embodiment said linker is
(GxS)n with G = glycine, S = serine, (x =3, n= 8, 9 or 10 and m=0, 1, 2 or 3) or (x
=4andn= 6,7 or8 and m=0, 1, 2 or 3), preferably with x = 4, n=6 or 7 and m=
0, 1, 2 or 3, more preferably with x = 4, n= 7 and m= 2. In one embodiment said

linker is (G4S)sGa.

25  In a preferred embodiment said antibody domains and said linker in said single
chain Fab fragment have one of the following orders in N-terminal to C-terminal
direction:

a) VH-CH1-linker-VL-CL, or b) VL-CL-linker-VH-CH1, more preferably VL-CL-
linker-VH-CH]1.

30  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-CH]1 or b) VL-CH1-linker-VH-CL.



domain 2 (CH2), and an anti body heavy chain constant domain 3 (CH3),
abbreviated as VH CH 1-HR-CH2- CH3; and optionally an anti body heavy chain
const ant WOrAIM1855¢CH4) in case of an anti body of the s®BOTIERSG10/00H005
Preferably the "full length antibody heavy chain" is a pol ypeptide
consisting in NNtermnal to Cermnajsdirection of VHL CH , HR CH2 and
CH3. A "full length antibody light chain" is a pol ypeptide consisting in
N-termnal to Ctermnal direction of anantibody |ight chain variable
domai n ( VLQptiamatly dm sad singtedshaln Edit fragmaént, additemally taltheamiaturgl@ijylfidbbr evi at ed
as VL-CL. appa) or
| (I anbda) J?@ Mé&qﬁgﬁl“ %alﬁ%ﬁgnﬂltl od?g{ﬁrﬁgll’ %fsmg}%eé ﬂyg&%hﬁ]dér via

i nt er - pol yyssisbleglomin (YH) ard rﬁ@gb%bthﬁéﬁh@ﬁé’a@ aéﬁ@iaw(éﬁdame CH donain
and bet weegisiifge E‘thﬁ‘ﬂ]i%ed §§Blrﬁﬂﬂu@tﬁoﬂa@adlbﬁlhdé B Betdéd hRAyI1HeR gy chai ns.
Exanpl es of typical full” length antibodies are natural antibodies |ike 1gG
(e.g. PgGROSHI®SI gG2), IgM IgA 1gD, and IgE. The full length antibodies
accor di ng i) Bedvyechaiiveiiiablrdobedin pesifioiwad & Bgnghasinspdabledomain pdsitican, or t hey
can be chl{ag)rl zed or humani zed antibodies. The full length antibodies
accordi ng ’the invention conprise two antigen binding sites each forned
by a pair m)fhédw a]naith.mabAhdcmaimqtdmt@pd@ﬁfto tightl ghaiwi vadiable dommisane anti gen.
The C—terﬁl&ﬁ 3 Hbpe heavy or light chain of said fuII | engt h anti body
denotes t ast ém no acid at the C-termnus of said heavy or |ight chain.
The N-0er niliyheavyfchainevariahlpydosrain petition: hQy to light shaig variahle deiginn ant i body
denot es t Ngsitiml 108NhiRbaGhElaldlays Beobiing & BUNHEexQSf edbad). heavy or 11 ght
chain. The term' peptl de connector" as used W|th| n the inventi on denotes a

pepti de w nces his era n c origin.
These pept#‘iﬁl\‘alglgﬁ?fég g t@ﬁ@‘?ﬁ‘l‘%"%@%%‘f ﬁg[BeTJ%ésdacl}‘bé('F !P?le Si %gl e
chain Fab ihtradueionsoftaodistléide-bond Netveeemthewamible kienThLHsIVHamgt‘hLantth@ody to

forma mul §1 Q%BAIL'ﬁbgia}gin%g%yT@a&%fég gguﬁl%da%%m&ﬁmtna&mﬁdma%amy sai d

pepti de connectors un acl d ence with a

| engt hiSof siabilization for asingte deanugv ape eessribed ¢-gwint W Q948321 19, Brjagopal. 100,
nor e pref eyalk v Qrod Greth. TQ9G 113388, RoblaPasBlEH e@pﬁﬂN@IHar MddiciRe® | de

connector | s.(&XS)n o th yC = serin (x = 3,

n23. 4y SBEHOR, Sata oGO0 305358 8 g’mm%;e 1 oo 8end GroI 3

1, 2 or 3)1710cERGr &b loye Xxnibodiradd the optional Jisuifbdecb@midebetvebh Yhewartabte = 4,
domains of the single chain Fab fragments comprised in the antibody according to

20 the invention is between heavy chain variable domain position 44 and light chain
variable domain position 100. In one embodiment the optional disulfide bond
between the variable domains of the single chain Fab fragments comprised in the
antibody according to the invention is between heavy chain variable domain
position 105 and light chain variable domain position 43 (numbering always

25  according to EU index of Kabat).

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

fragments are preferred.

A “single chain Fv fragment” (see Fig2b ) is a polypeptide consisting of an
30 antibody heavy chain variable domain (VH), an antibody light chain variable
domain (VL), and a single-chain-Fv-linker, wherein said antibody domains and
said single-chain-Fv-linker have one of the following orders in N-terminal to C-
terminal direction: a) VH-single-chain-Fv-linker-VL, b) VL-single-chain-Fv-
linker-VH; preferably a) VH-single-chain-Fv-linker-VL, and wherein said single-



n= 2. Preferably in the trivalent, bispecific antibodies wherein a VH or a
VH CH pol ypeptide and a VL or a VL-C L pol ypeptide (Fig. 7a -c) are fused
via two ivenpiogiabsspepti de connectors to the Cterm nus @CTEPRU0/00306RH gt h
anti body, said peptide connectors are peptides of at |east 25 am no acids,
preferably peptides between 30 and 545 am no acids and nore preferably said
peptide connector is (&S)n or (&xS) nGnwith G = glycine, S = serine, and
(x =3, n=6, 7or 8 and m= 0, 1, 2 or 3) or (x = 4,n=5, 6, or 7 and nF
0, 1, 2 orcham Fytiakariablpplypeptide efiitinan Bmirg) acid semuesqtmgltb adength ofab

fragnent " %ﬁ‘?“fs hﬂ%@a&gﬁy%n@%apt&g%ﬁpm u Bgatolfeaﬁrloaﬁﬁlhg%gbﬂsheaVy

chain varia an ant y const donmai.n g an anti body
| i ght chaiThetgrm §DHermions danqtes_the 125 aswng %@I?fﬂledﬂ'tte@}i‘&'ﬂ% Sﬁ"srphr&: domai n

(CL) and atehﬁﬂ{i@aenomqn@laet SRing Rt ofRdy-Warmues and said |inker have one
of the follow ng orders in N-term naI to Cterm naI direction: a)

VH- CHL1- I|n er- - VH: |nk VL CH or d)
VL- CH Pi nkEte texmy- E?Egleaﬁ?‘ﬂ ‘\/\#‘é%‘}(?‘f saaluaeq WHE‘Q‘rS’I‘?ég ﬁhEBBI ypljé SIfOt &t | east
30 am no acpesidewiet anaibl aclcbeéqmmes;%@hahds peefemablyoofaxyntietic Saigth. Saithl e chai n
Fab fragment

VH CL-1i nl<séIPgﬁ?/%?1 .V qﬁ )lS Egm\élwﬁ I&Ql)mryﬂl:a %Sédz}\l@f&rm E‘I-| I zgt lég%f‘% t he

nat ur al dilsast flﬁcwllbo mldbewmmmbmilmnmﬁmade@mb of 18& laapl 2QIamiinacidhe ter m
"N-term nug &ﬁ‘@f&éﬁy Wit % %t}f’lﬂét%e@% Qn@f30tﬂﬁ% t281dd1 [HSne éiﬁBodlﬁfeFﬁ

"C-term nus not es” t he am no acid of the, G-term nus

"1i nkeO S@%@éﬂex&hﬂlﬁrlﬁlklehl? (Groam B G SrelrdRherT SeeX A %Pﬂg %hsml n Fab
fra}gﬁenhls &) deqe T;%aﬁ’d Reps) desgrtsn ;ﬁéﬂeﬂﬁl}gwﬂl se—quanees,A whbcimors
preferably o nt ic ori ese ti.des n on are
used to Ill?fﬁgeé‘)sb&/l‘zﬂ%-« g '3(95 4. Q@E {lgle{}f-f mge gi}h%&l“ﬁig"?t‘

d) VL-CH GaSyr@QG.$). formthe foll ow ng single chal n Fab fragnents
according to the invention a) VHCH -1linker-VL-CL, b) VL-CL-Ilinker-VH CH ,

C) VH CL- | Lﬂh%[-rg #era rren lg)chyln ﬂ/’"fraérﬂé?l'fseﬁrevfii’egrab@adlgulhli@l%@fbll‘l!etih' n the

si ngl e chal is a peptide wth an am po acid squence with a
| engt hlSof uchl @uatber Q@uﬁiﬁerféatabm@n ofr ngle shpip tbrdiss |ig aghiRvesk byshg o 50
am no aci dﬁtrohﬁbt@aeof%mgﬁ!m@rﬁonaagbﬁvéehnhewamgolé QsDhnsWitthe Gnglegthati ne, S =
serine, (Xant%odles and is c?escr%‘t? £ Q% ™ Yo 914/0293%6, paja%%nglf( V., et al,, Prot.

Engin. 10 (1997) 1453-59; Kobayashi, H., et al., Nuclear Medicine & Biology,

Vol. 25 (1998) 387-393; or Schmidt, M., et al , Oncogene 18 (1999) 1711 -1721.

20 In one embodiment of the disulfide stabilized single chain Fv fragments, the
disulfide bond between the variable domains of the single chain Fv fragments
comprised in the antibody according to the invention is independently for each

single chain Fv fragment selected from:

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.

30  In one embodiment the disulfide bond between the variable domains of the single
chain Fv fragments comprised in the antibody according to the invention is
between heavy chain variable domain position 44 and light chain variable domain

position 100.



=4 and n=6, 7 or 8 and n= 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 and nr 2. In one
enbodi merWwogaiodiibispker is (GAS)6Q&2. In a preferred enmbo®CkERR0184D200ANt | body
domains and said linker in said single chain Fab fragnent have one of the
following orders in NNtermnal to CG4grmnal direction: a) VH CH
-linker-VL-CL, orb) VL-CL-linker-VHCH , nore preferably VL-CLIinker-

VH CH . In another preferred enbodi nent said anti body donmai ns and said

i nker in Elaei ahtibodyg hecarthagrio Iﬂmﬁbinfvcmgmeiamrdthmed by eeaintihant inpdaneviling, or der s
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varlable do alg\% H{eﬁz gnsulfl e stab L y I nt.roduct.i on of .a

di sul f iPde B8 ‘éF“l?@t FHEHEPYT ITH ﬁfj‘tep ! ??’aﬁg CPNPHSSRKPIR SKRFESSION abl e
domai n pOSmtprOlEar'_%ltld end egbirystivacdlls weith adﬂiseqwknmolratmsoﬂ the ranﬂxB@dy and heavy
chaln varlabli\é rrﬁi n.oﬁ S|t|on 105t |n P03|t|on

v rra
or 1114 Gua R AC gl ot bl IRt B
vari abl e dheraamlbpd's:istasoafolélﬁemmmﬂem aghest wee)ls rachue dicrdy EmCOEIUlg rthlﬁex of

Kabat ) . gkbefcﬂ(/%]%rdlf%dsl t1aflg h%ﬁ\a)bklldéllﬁgﬁ F?ﬁkg@ % g%%gre%é{k ﬁg& fy agnents

i s achi eve intro ctlon of tween t varlable

domai 9 Vist rdme@pds Hexpsgspignds Eﬁﬁ?rme#albamra@ﬁ%pgokam&mr&u

IF nt roduge I&U%B%Egsi ke dCHW fcbnig R8O ot%gg Spp/ostaki |HEIQ2933@eIflsQFC@SSb?E| E chain
vV are es ro ngl n

(1007 3 acBEm 8 cellsdyensh of Teoli gl ana bR rthcyeh By §ellso)

(1998) 387(sBSdnatant dsculs difter Wsis)eGeatral methodg éoverecdmBiiantl frodiictionlefl 721. I n

one enbodl t.th I I ns of
t he single C%Odlesgr ‘%ﬂ ﬁﬂé\kng lléﬁ%:éogtétrgﬁge(fn 291 Qﬁ}}g@sgﬂP&g?%P’ l,@% 3.“%%@?0
15 review articles of Makrldes S.C., Protem Expr. Purif. 17 (1999) 183-202; Geisse,
S., et al.,, Protein Expr. Purif. 8 (1996) 271-282; Kaufman, R.J., Mol. Biotechnol.

16 (2000) 151-161; Werner, R.G., Drug Res. 48 (1998) 870-880.

The bispecific antibodies are suitably separated from the culture medium by
conventional immunoglobulin purification procedures such as, for example, protein
20  A-Sepharose, hydroxylapatite chromatography, gel electrophoresis, dialysis, or
affinity chromatography. DNA and RNA encoding the monoclonal antibodies is
readily isolated and sequenced using conventional procedures. The hybridoma cells
can serve as a source of such DNA and RNA. Once isolated, the DNA may be
inserted into expression vectors, which are then transfected into host cells such as
25 HEK 293 cells, CHO cells, or myeloma cells that do not otherwise produce
immunoglobulin protein, to obtain the synthesis of recombinant monoclonal

antibodies in the host cells.

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

stability or facilitate the purification.



the invention is between heavy chain variable domain position 44 and |ight
chain variabl e domain position 100. In one enbodi nent the optional

di sul fi devbaept/BeiSeeen t he vari abl e donmai ns of the si nglPETHR2016/0520D5
fragnents conprised in the anti body according to the invention is between
heavy chain variabl e domain position4805 and |ight chain variable domain
position 43 (nunbering always according to EU i ndex of Kabat). In an
enbodi ment single chain Fab fragnent w thout said optional disulfide

st abi | i zatThentehethestcellhas usadi iabhe cavendiapgliodkon denotes arfy king of icaldlar chai n

Fab fragments. Al ficR'cGh %E]Eeﬁgineéol‘egl i\’(tgﬂ'le ehtglﬁ‘ﬂs' dhtibYdis 2ERMhe td BREURHRD ) 1S a

pol ypepti consisting o n anti eavy chal n variable domain (VH), an

ant i body |iny¢ntiophki wqub%n@n%ﬁﬁ?ﬂ¥ sy andggHOxcedls e BsedragihostEeellsi nker |

wherein sajyd Red ha%@l}i_tﬂer@c‘ifb%si;aﬂﬂ «g@l,d ‘gba{me; Chal PcdiV chitiserarhawed one of

the follow ng orders in Ntermnal .to.Ctermnal di ti.on:
VH- si ngl e-Biashangsably qed, 2 Ls;urgb) &?Lg“épﬂ@q én"dﬁ‘g‘i ﬁ!ﬁgnbﬁ% % WS er abl y

a) V:‘i' Si n?‘ft&n@ﬂb}?{hﬂgtﬁ-ahﬂ n‘h&_rnsfdnnedgcbll‘ﬂha'ﬁelhdle shé prisnary| aubfeat rceHvand nker 1S
a polypeptide of ,wt n_am ng.aci d sequen ' o] t ast 15
am no aci d‘%‘?mf?? ‘éﬁ’fgeg ﬁﬁgﬁﬁﬂ@nwt&o‘fthreggﬁeﬁ)éﬁ ﬁe \éﬂl&lgf Iaf){égljsaggfgrg' f:Ettm%n%lgcgcisds.
tThe te rCt m "iideestordntbst albpwgesy tiay roabe paerisely Wentdcabin DNA Rontehtridnedo  The
erm"Cterm : ) ' - ' i t

o ol e- or i ARy Rl B T Rl b B e oot o5 a
pept i dé wi binlogirahactiyity @s serqeraddes in the oaginaly gapsfarmgd sellare ‘E’Qt ic origin.
Said single-chain-Fv-linker is a peptide with an am no acid sequence with a
:gggi h28f E{(prle@a&fmwS@gmois?ﬁgaﬂmdiuy? 9.%6; ml d'Lhngtet ui.t Qytatechmngogy of at

S a [ d preferaply w a.lengt.h bet 0 am n
acids. In ﬁzgmo]g@h@t Egaé{‘%s’ s[rﬁ{rl g Staphqt?(ﬁh%é?eﬂl% ?(%EGE%O%?V%% ? %7% = °
gl)ym ne],c STransient expreséion ¥ desaribedby, 4,g.5D@ociByr, ¥, ef al, NurlahddnRe3; 3%, 5 or

, prefer t .= = f ‘YW =4 n= 3
or 4" o oD Cighine &y dinle pfmllncts dERERRLT GRARIROA ALK PRG I
FurthelrSrmrBatéawdsS%L@&&@(W@?ﬂﬁ%@&%@ﬁa&é’-,pﬁté#-el?réz&1§}a iA¢adf Pefe

;Stsaglclh: z Sggsgug? ﬁi;@?]thggs-dtglénmfeoﬁe%ﬁhg,i 1%.95:{ an Ofimgiungl eMethaiia2eat i bodi es
domai ns of (1R g?‘ﬁ&i A ngl up%dltr(?agsi%nt gxprel:sss}g)n slyst%m 8591(%5}"’?? estcggedvg}r/l abl e
Schlaeger, E.-J., and Christensen, K., in Cytotechnology 30 (1999) 71-83 and by
Schlaeger, E.-J., in J. Inmunol. Methods 194 (1996) 191-199.

20 The control sequences that are suitable for prokaryotes, for example, include a
promoter, optionally an operator sequence, and a ribosome binding site. Eukaryotic
cells are known to utilize promoters, enhancers and polyadenylation signals.

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

accordance with conventional practice.



anti bodi es and is described e.g. in W 94/029350, Rajagopal, V., et al.,
Prot. Engin. 10 (1997) 1453-59; Kobayashi, H , et al., Nuclear Medicine &
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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
20 cultures derived therefrom without regard for the number of transfers. It is also
understood that all progeny may not be precisely identical in DNA content, due to
deliberate or inadvertent mutations. Variant progeny that have the same function or
biological activity as screened for in the originally transformed cell are included.

Where distinct designations are intended, it will be clear from the context.

25 The term “transformation” as used herein refers to process of transfer of a
vectors/nucleic acid into a host cell. If cells without formidable cell wall barriers
are used as host cells, transfection is carried out e.g. by the calcium phosphate
precipitation method as described by Graham, F.L., and van der Eh, A.J., Virology
52 (1973) 456-467. However, other methods for introducing DNA into cells such

30 as by nuclear injection or by protoplast fusion may also be used. If prokaryotic
cells or cells which contain substantial cell wall constructions are used, e.g. one
method of transfection is calcium treatment using calcium chloride as described by
Cohen, F.N,, et al, PNAS. 69 (1972) 7110ff.



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 otwolnol/1155856 (2000) 151-161; Werner, R G, Drug REI/EPIB01DHIB)
870-880. The bispecific antibodies are suitably separated fromthe culture
medi um by conventi onal i nmunogl obuli§0purification procedures such as, for
exanpl e, protein A Sepharose, hydroxylapatite chromatography, gel
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Pharmaceutical composition

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

together with a pharmaceutical carrier.

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

invention for the treatment of cancer.

Another aspect of the invention is said pharmaceutical composition for the

30 treatment of cancer.

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

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



32 (2000) 109-123; Barnes, L.M, et al., Biotech. Bioeng. 73 (2001)
261-270. Transient expression is described by, e.g., Durocher, Y., et al.,
Nucl . Aciwe.20Red55530 (2002) E9. doning of variabl e domeChngEPe&0dexs0s i bed by
Olandi, R, et al., Proc. Natl. Acad. Sci. USA 86 (1989) 3833-3837;
Carter, P., et al., Proc. Natl. Acadsi Sci. USA 89 (1992) 4285-4289; and
Nor derhaug, L., et al., J . Imunol. Methods 204 (1997) 77-87. A preferred
transi ent expression system (HEK 293) is described by Schlaeger, E -J., and
Chr i st enseAnotKer, aspact@ft the énvention gy n8thqdl 8083atmien8af paticnbypulfemgmégay, E. - J.
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is operablqrelpldekmdl ddmiaistretiom(s. & dyyuriecteon ¢r infusjog). positioned so as to
facilitate translation. Cenerally, "operably |inked" neans that the DNA
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t reat nent ban Ing, colum chronat ography, agarose gel
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20 active substances is known in the art.

The phrases “parenteral administration” and “administered parenterally” as used
herein means modes of administration other than enteral and topical administration,
usually by injection, and includes, without limitation, intravenous, intramuscular,
intra-arterial, intrathecal, intracapsular, intraorbital, intracardiac, intradermal,
25  intraperitoneal, transtracheal, subcutaneous, subcuticular, intra-articular,
subcapsular, subarachnoid, intraspinal, epidural and intrasternal injection and

infusion.

The term cancer as used herein refers to proliferative diseases, such as lymphomas,
lymphocytic leukemias, lung cancer, non small cell lung (NSCL) cancer,
30  bronchioloalviolar cell lung cancer, bone cancer, pancreatic cancer, skin cancer,
cancer of the head or neck, cutaneous or intraocular melanoma, uterine cancer,
ovarian cancer, rectal cancer, cancer of the anal region, stomach cancer, gastric
cancer, colon cancer, breast cancer, uterine cancer, carcinoma of the fallopian

tubes, carcinoma of the endometrium, carcinoma of the cervix, carcinoma of the
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by Graham F.L., and van der Eh, AJ. , Virology 52 (1973) 456- 467. However,
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refer 515to andeotheroeaaansijseapesch a nucleic acid is transcribed i nto MRNA
and/or to the process by which the transcribed nRNA (also referred to as
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DNA, expression in a eukaryotic cell may include splicing of the nRNA
Another aspect of the invention is the use of an antibody according to the invention

for the manufacture of a medicament for the treatment of vascular diseases.

20  Another aspect of the invention is method of treatment of patient suffering from
vascular diseases by administering an antibody according to the invention to a

patient in the need of such treatment.

The term “vascular diseases” includes Cancer, Inflammatory diseases,
Atherosclerosis, Ischemia, Trauma, Sepsis, COPD, Asthma, Diabetes, AMD,
25  Retinopathy, Stroke, Adipositas, Acute lung injury, Hemorrhage, Vascular leak e.g.
Cytokine induced, Allergy, Graves’ Disease , Hashimoto’s Autoimmune
Thyroiditis, Idiopathic Thrombocytopenic Purpura, Giant Cell Arteritis,
Rheumatoid Arthritis, Systemic Lupus Erythematosus (SLE), Lupus Nephritis,
Crohn’s Disease, Multiple Sclerosis, Ulcerative Colitis, especially to solid tumors,
30 intraocular neovascular syndromes such as proliferative retinopathies or age-related
macular degeneration (AMD), rheumatoid arthritis, and psoriasis (Folkman, J., and
Shing, Y., et al., J. Biol. Chem. 267 (1992) 10931- 10934; Klagsbrun, M., et al.,
Annu. Rev. Physiol. 53 (1991) 217-239; and Garner, A., Vascular diseases, In:



A "vector" is a nucleic acid nolecule, in particular self-replicating,

whi ch transfers an inserted nucleic acid nolecule into and/ or between host
cel | s. ThEOt2eromibsse| udes vectors that function primril PCTP2010862005 on of
DNA or RNAinto a cell (e.g., chronosomal integration), replication of
vectors that function primarily for-$he 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 nore than one of the
functi ons Bmhaheslogy bédculandiseasps Asdynamic approach, Garrerpdl,yanddliemwiorth, whi ch,

when 1ntr ogcedal N3l RAPKARL) BeRkEONewOPbrk.(1964), BP1678s)1 bed and

translated into a’po ypep 1 expression systen usually refers to a
sui tabl e host cell conprised of an expression vector that can function to
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pharmaceut i cal carrier. gl ment o faa'l nvention i.s the b| specific
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treatment of cancer. Another aspect of the invention is the use of an

ant i body %&%ngg%ﬁﬁgtrgetel T’e?d?ﬁm%?ratflé)l{ élgﬁﬁmﬂgfcgﬁlﬁﬂ{lﬁdsoéf @lerﬁg%ﬁgrrent for

t he treat T hEMAShac Ion 1S net
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and absor phb&dlof skill in the art.

Actual dosage levels of the active ingredients in the pharmaceutical compositions
of the present invention may be varied so as to obtain an amount of the active
ingredient which is effective to achieve the desired therapeutic response for a

20  particular patient, composition, and mode of administration, without being toxic to
the patient. The selected dosage level will depend upon a variety of
pharmacokinetic factors including the activity of the particular compositions of the
present invention employed, the route of administration, the time of administration,
the rate of excretion of the particular compound being employed, the duration of

25  the treatment, other drugs, compounds and/or materials used in combination with
the particular compositions employed, the age, sex, weight, condition, general
health and prior medical history of the patient being treated, and like factors well
known in the medical arts.

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

buffered saline solution.

Proper fluidity can be maintained, for example, by use of coating such as lecithin,

by maintenance of required particle size in the case of dispersion and by use of



del ayi ng agents, and the |ike that are physiologically conpatible.
Preferably, the carrier is suitable for intravenous, intranuscular,
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injection or infusion). A conposition of the present invention can be
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Pharmaceutically acceptable diluents include saline and aqueous buffer
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di d I wd f th t
SUaril 3 | RGN SEr i PEre (B cHra SN EPB: Ao QL bR et L hnd

agents foraspfb@dlagleﬂutdrcphhrynaotdgml smtweﬂmnhmokhmtm ipropterteesar The The
phrases " aren r [ - as used
herei n nea EB@“& n%dér:]ltlgs rtiabt%?bersl oth h(gr%ﬁé é‘%ﬁgpé gkteg&illu(k:a

adni ni st ramtemrahzatsmawrypab?d tontheie paesnt <EﬂxlB3i>r?@Id{J@Fe§C Mgtt ﬁ@@hOd!lfFSm tation,

i ntravenous, int rarruscul ar, intra-arterial, intrathecal, intracapsular,

i nt r aor bi t-k, félm\%ﬂg xahiples, isBiucpde N Bhg dnatﬁgﬁeg Ia}@r;be@\hded &@m&l rtReheal |
subcut aneous, subcu intfra-arti cuI ar

N AR IR R S A h e R e T T

intras
cancer as ﬂdd&l&ﬂﬁhﬁ Iteé efiderstood that nfoérﬁaj‘atlm cindeanade, inghe praaedurgnphonas,

I hocyti c anc na | lun NSCL) cancer,
b?/(r)rﬁchl gl %’Ff%ﬁ {r%%@,ldfap?’ﬁﬂ% @Srsm 85216(:13‘(16@31?11 panc?egtl C Z:ancer skl n
cancer, cancer of the head or neck, cut aneous or intraocul ar nelanona,
uteri ne cabes ) h ninoacid Sequencescancer, cancer of the anal region,
st omach cancer, gastrl c cancer, colon cancer, breast cancer, uterine

cancer, CaSEQrmTN(Pi tav{ %hiuﬁﬁr'aﬁﬁbl& 4B@%in CEHBB BOHERchlddéez%ndorTEt rium

Can M o e oL R ERS IR, o, (e vulve,
cancer of $PhQ HNORBI Nigcasy sheimvariayle domain <diklet-hivtabi DFI and,
SEQ ID NO:4 light chain variable domain <c-Met> Mab 5D5
SEQ ID NO:5 heavy chain <ErbB3> HER3 clone 29
SEQ ID NO:6 light chain <ErbB3> HER3 clone 29
20 SEQID NO:7 heavy chain <c-Met>Mab 5D5
SEQ ID NO:8 light chain <c-Met>Mab 5D5
SEQ ID NO:9 heavy chain <c-Met> Fab 5D5
SEQ ID NO:10 light chain <c-Met> Fab 5D5
SEQ ID NO:11 heavy chain 1 <ErbB3-c-Met> Her3/Met_ KHSS
25 SEQID NO:12 heavy chain 2 <ErbB3-c-Met> Her3/Met_KHSS
SEQ ID NO:13 light chain <ErbB3-c-Met> Her3/Met_KHSS
SEQ ID NO:14 heavy chain 1 <ErbB3-c-Met> Her3/Met_SSKH
SEQ ID NO:15 heavy chain 2 <ErbB3-c-Met> Her3/Met_SSKH

SEQ ID NO:16 light chain <ErbB3-c-Met> Her3/Met_SSKH

30

SEQ ID NO:17
SEQ ID NO:18
SEQ ID NO:19
SEQ ID NO:20
SEQ ID NO:21

heavy chain 1 <ErbB3-c-Met> Her3/Met_SSKHSS
heavy chain 2 <ErbB3-c-Met> Her3/Met_SSKHSS
light chain <ErbB3-c-Met> Her3/Met_SSKHSS
heavy chain 1 <ErbB3-c-Met> Her3/Met_1C
heavy chain 2 <ErbB3-c-Met> Her3/Met_1C



cancer of the parathyroid gland, cancer of the adrenal gland, sarconma of
soft tissue, cancer of the urethra, cancer of the penis, prostate cancer,
cancer ofwonRelmliassder, cancer of the kidney or ureter, PERAIP2¢I8/0D2005
carci noma, carcinoma of the renal pelvis, nmesotheliom, hepatocellular
cancer, biliary cancer, neoplasns of5%he central nervous system (CNS),
spinal axis tunors, brain stemglioma, glioblastoma nmultiforne,

astrocyt omas, schwanonas, ependynonas, nedul | obl ast omas, mneni ngi onas,
squanous cSEQ IDaNE:22 night chain ErkB3-cadetrdder3aviet_Eai ngs sarcoma, i ncl udi ng

ref ract of YopgIE) KB nAY RfintNEBANAMEBIE IMPECE conbinat | on of oneor

nore of the above cancers: aspect of the mvention is the

bi speci fi SEQUDLN @24 car v chain 2o<BraB3 icniiskt Herm/Met_9%i d phar maceut i cal
conposi ti OSEQSImNU 29 NGHR ORATh S ERERFc-MEBCHerd/NIEAB@I 0geni ¢ agent can be used

for the tre cancer d.t r her vascul ar

di seases. Qﬁé ; VISFh‘ilﬂZ ?ﬁbght‘%/w?& gepﬁ}z{”& é%é@&? éantl body
accor di ng SRQUIENOIYPtidaon chain 2t<ErbBB aaMieenHesMeasclinSsKHi$Seases. Anot her
aspect of the f g to the

i nvention $l§§ I{lﬂlﬁ?ﬂ%&ﬁl@l& COTe E$§§3% | caqur%é{hq? XCI%%%%% ment of vascul ar
di seases. SEQUIENOa29duavpthaind ErbBatc-Mieti HerpdvlieostFyPSKHeat nent of pati ent

suffering étgrm/ﬁ%f% aﬁea@%%ﬁﬁﬁé%}i}m@i@%&ﬁ%m% &Fv8Skipody according to
the inventio he need é tr eat ment. The term

"vascullar SEQIILNE- gl nléght ¢bain cXibB3-c-YgP B BrsphupRlieHses,
At her oscl esp@ B NOagPEldady cﬂilaur@rb&psmp GeRMeASIFRRR  Di abet es, AMD,

reak o g, SyodH REF s Ltk SRS & AGISH A gt RRpLhage, Vascul o
Aut oi MuneSEQVITONG:34 sl,lghtdha_np_astEnbm ThvlerrbidernptMpeseFeKBur pura, G ant Cel |
Nephr 11 o, SERGIRIOE b B e R i Tt
especi & | ySEQ BbNQ436 umsis chain2rsksb BB - MebollsséiMicascFy kAR mes such as
o SRS bensar e oy e o (00,
e o BN o ban 1 85 M et LRS-
SEQ ID NO:39 heavy chain 2 <ErbB3-c-Met> Her3/Met_scFvKHSBSS
SEQ ID NO:40 light chain <ErbB3-c-Met> Her3/Met_scFVvKHSBSS
20 SEQID NO:41 heavy chain constant region of human IgG1
SEQ ID NO:42 heavy chain constant region of human IgG3
SEQ ID NO:43 human light chain kappa constant region
SEQ ID NO:44 human light chain lambda constant region
SEQ ID NO:45 human c-Met
25 SEQID NO:46 human ErbB-3
SEQ ID NO:47 heavy chain variable domain VH, <ErbB3 > Mab 205 (murine)
SEQ ID NO:48 light chain variable domain VL, <ErbB3 >Mab 205 (murine)
SEQ ID NO:49 heavy chain variable domain VH, <ErbB3 > Mab 205.10
(humanized)
30 SEQID NO:50 light chain variable domain VL, <ErbB3 > Mab 205.10.1
(humanized)
SEQ ID NO:51 light chain variable domain VL, <ErbB3 > Mab 205.10.2
(humanized)
SEQ ID NO:52 light chain variable domain VL, <ErbB3 > Mab 205.10.3
35  (humanized)
SEQ ID NO:53 heavy chain CDR3H, <ErbB3 > Mab 205.10



Annu. Rev. Physiol. 53 (1991) 217-239; and Garner, A., Vascul ar di seases,
I n: Pat hobi ol ogy of ocul ar di sease, A dynam c approach, Garner, A, and

Kl i nt wor tWQ 2@04.1555¢eds. ), 2nd edition, Marcel Dekker, Ne@T¥®eKkio00D92), pp
1625-1710). These conpositions may al so contain adjuvants such as
preservatives, wetting agents, enul sfdyi ng agents and di spersi ng agents.
Prevention of presence of m croorgani sns may be ensured both by
sterilization procedures, supra, and by the inclusion of various

ant i bact erSEQ IBnNOafd i eang ahainGOR ], $kgbBa xavipb 805 p8r aben, chl or obut anol ,
phenol , Oél?? lﬂdesi%qVégﬁalh'diﬁu t<mﬁ%@|1§19b965%5' rable to include

i sot oni ¢ agent ugars ium chloride, and the like into the

conposi t i oHEQ IDHINEXSH tlight Ch@n@l%ﬂad‘&ib@é?d‘ﬂ%ﬁo%ﬂot he injectable

phar ”BceUtSE@IIfNUTS‘fWgH?%hQB@m@L&@HB3BYME$1Q05 mol usion of agents which
del ay absorption such as a

nost e . Regardl ess of
the roadte YQIPNER:38 rlé&htﬁ%algéil%@(le /ariapl 66 nﬁé’?%’fﬁ‘slh]g) present
i Eventi on, SEQI IDNOBY9 h@gm%ﬁzdniODIalls(Nahabﬂ D, hEﬂjmtJeMefb(ﬂOﬁl(nnd/ or the
phar maceut { cal. -copp I ons, of r n,Hg@re fornulated into
phar rraceut$@§llﬂlﬁ§c)g§ptfe§w§h%8§§]§3}?o$§§blﬁny conven |on%I met hods known to
those of sSEQIID NO:16d leavy chait GRUdsafeBey EERoflonh2d acti ve i ngredients
in the phg%@ﬁ‘ﬂ'ﬁbc%b ﬁ&wgﬁélﬁlm1ﬁf<hhﬁ3ﬁ%ﬁ clbﬁ%@@“ on may be varied

so as to i'n an anoun active 1ngredi ent ich is effective to

achi evid t SEQdD NEY @h@@ﬁb@lﬂl@ﬁg&pﬁﬁ@%%ﬁ%wwq &l ar patient,

co;rpos![ ti %EQaﬂﬂl N3 t@ﬂﬂhr@matﬂfmmwmm&mb@wg tOXI;: tOfthe
patien e sele e a variety o

phar rracoh%@lpwg)ct‘%r gq wetldi Itwg 6EP\3 g‘? e particul ar

conposi t i oSEQAD Nie qérleaeyhhalnm]mmcewmmm 5Pbe route of

admnistr i e of espate of excretion of the
parti cul ar %@%) tlg)e 6bHellleralwy Chﬁﬁ(r)ayﬁ%ﬁ{t he}\%lltjl%la\./{ :Bonbgf the treatnent, other
drugs, IXO@EMN&memphalnﬁnge@ -Mete habi #R6i on with the partl cul ar
conposi ti ogp P@;@W%@ li %hﬁQQjDﬁ?Pde"ﬁleQ:hMabCS’DS“ tion, general health and

prior medica st or the patient being treated and i ke factors well

known in tﬁEQrﬂUNShI%’a]r‘% Chﬂ’ﬁ@Q%%Ipo%‘i MetsaMalis?DBe sterile and fluid to the

ext ent tha§EQhD NOASfht@Rain ORI L wernb-evility 555 i nge. In addition to
water, the carrier preferably is an isotonic

Description of the Figures

20 Figurel Schematic structure of a full length antibody without
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.

25 Figure 2a-¢ Schematic structure of a bivalent, bispecific <ErbB3-
c-Met> antibody, comprising: a) the light chain and
heavy chain of a full length antibody specifically
binding to human ErbB-3; and b) the light chain and
heavy chain of a full length antibody specifically

30 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, which are
modified with knobs-into hole technology

Figure 3 Schematic representation of a trivalent, bispecific
35 <ErbB3-c-Met> antibody according to the invention,



buffered saline solution. Proper fluidity can be maintai ned, for exanple,
by use of coating such as lecithin, by maintenance of required particle
size in tWO20uwsE5HR di spersion and by use of surfact ant s PCIEPREHAPOIAS S, |t
is preferable to include isotonic agents, for exanple, sugars, polyal cohols
such as mannitol or sorbitol, and so8li umchloride in the conposition. It
has now been found that the bispecific antibodi es agai nst hunman ErbB-3 and
human c- Met according to the current invention have val uabl e
characteristics such as bi ol oglooyirisong pfullrlengtlo putihicslalspecifirall vt jinding

phar macoki netic properties. Thg a%é@ﬁﬁ%@ﬁ@t&%m& c-Met> anti bodi es
according to the invention show reduced internalization conpared to their
parent <ErbB3> and/ or <c- Met > &g 3 6ue galypantides YiH and W % S éde sequence

listing and figures are provi dgd ah@ VAl dorhhigs UNBGh $6gutetr fgmsihgahe pr esent
i nvention, the true scope of which hs set .forthﬁiqrfIl he .agghended laims. It
i s undérstood that nodificati AEBELRINGMELSPefi¢ é{tbﬂj‘i‘% F8EO08t forth

wi t hout departing fromthe spiantigew®; t he i nvention. Description of the

Slone 55 SEQ 1D Nova 11 ght chddiaan et R AMCH APV CERRS. o ro
| D NO 3 heavy chain variabl e dosui (the¢ HvmdV IvdomaiDs oSbgphitogai®r4 | i ght chai n

vari abl e domain <c-Met> Mab 5 | Rt ; VoYte Gh&i ficafR iRaRe fER3 cl one
29 SEQ ID NO. 6 |ight chain <E?§%§§9ﬁE%‘§?|‘§‘#§ﬁ%“§EE |1_D°’a|\|%.r 7 hedvy chai n
<c- Metl® Mab 5D5 SEQ | D NO 8 | idgscordantigeng) Fig 3o:Relsmats rapresqniatigl 9 heavy

chain <c-Met> Fab 5D5 SEQ | D Nl tevhlest) bispéifid antiboiptaecdraingi®dheSEQ | D NO 11
heavy chain 1 <ErbB3-c-Met> Her3/ Vet KHSS. SE NO. .12 heavy chain 2
e bBasco Nt er 3/ et _KHss SR PIRGrpe REL AT SERBER Y. vt
Her 3/ Met _KHSS SEQ | D NO 14 heapgcifibaiynbihdngrtd BIirst-ahbigen Hey ®hivbttw8SKH SEQ | D
NO 15 heavy chain 2 <ErbB3-c- Wl)?pelaﬁﬁg’s/%taﬂ§%are fused (the VH and VL
15 domains of both together forming a antigen binding
site specifically binding to a second antigen 2) with
“knobs and holes”. Fig 3d:Schematic representation
of a trivalent, bispecific antibody according to the
invention, comprising a full length antibody
20 specifically binding to a first antigen 1 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 a second antigen 2,
wherein these VH and VL domains comprise an
25 interchain disulfide bridge between positions VH44
and VL100) with “knobs and holes”.
Figure4 - 4a: Schematic structure of the four possible single
chain Fab fragments
4b: Schematic structure of the two single chain Fv
30 fragments
Figure 5 Schematic structure of a trivalent, bispecific <ErbB3-
c-Met> antibody comprising a full length antibody
and one single chain Fab fragment (Fig Sa) or one
single chain Fv fragment (Fig Sb) - bispecific
35 trivalent example with knobs and holes



SEQ I D NO 16 light chain <ErbB3-c-Met> Her3/ Met _SSKH SEQ I D NO 17 heavy

chain 1 <ErbB3-c-Met> Her3/ Met SSKHSS SEQ | D NO 18 heavy chain 2

<Er bB3- c-WBt2810AdpB2Met _SSKHSS SEQ | D NO 19 | i ght chai n RETHB2016/0M805

Her 3/ Met _SSKHSS SEQ I D NO 20 heavy chain 1 <ErbB3-c-Met> Her3/Met | C SEQ ID

NO 21 heavy chain 2 <ErbB3-c-Met> Hef&8/Met | CSEQ I D NG 22 |ight chain

<ErbB3-c-Met> Her3/Met _| C SEQ ID NO 23 heavy chain 1 <ErbB3-c-Met>

Her 3/ Met _6C SEQ I D NO. 24 heavy chain 2 <ErbB3-c-Met> Her3/Met_6C SEQ I D

NO 25 |i gHEiguteé n <Er bB3- c- MetSchemat¢ Meuct@e oSEtetravalyat, bspeifigy chain 1

<Er bB3- c- Met > Her 3/ Met _scFvSSKHSERSEQUE NMiivdd Qgﬁg)ﬁsi?l%gifml Zerigh{ bB3-c- Met >

Her 3/ Met _scFvSSKHSS SEQ | D NO 28 1 ght chai.n <Erb_B - c- Vet > :

Her 3/ Met _scFvSSKHSS SEQ | D NO anibadwand yessingle chap bigh fragments (Fig 6a)

Her 3/ Me_scFvSSKH SEQ | D NO 30 dieayinpeéhniFe BapiBdnts (IMgi6d) Heed-Met S Fv SSKH

SEQ ID_NO 31 light chain <Er bqg'@i}m > Her SLWV Hd.SE LD NO 32 heavy

chain ? <ErbB3-c- Met> Her 3/ Ve UREDKE S A Y46 1M e K&/ LR

<Er bB3- c- Met > Her 3/ Me_scFvKH ShhibitihgatiBddies ght chai n <Er bB3- c- Met >

Her 3/ Me_sckvKH SEQ | D NO 35 h ' <Er-hR3-.6- Mat.> 3 cFvKHSB

SEQ I D NO.Clglg“Fleeivy chain 2 <Ef%é§mgn%‘?%&%r%§?%gf‘g%ﬁi§§ﬁ&%m 37

| i ght chain <ErbB3-c- Met > Her 3-Msts emihadsin sh@h meNabIgmigmplaceiai n 1

<Er bB3- c- Met > Her 3/ Met _scFvKHSBES, SEfbl N9 heavy chain 2 <ErbB3-c- Met >

Her 3/ Met _scFvVKHSBSS SEQ I D NG 40 |ight .chain <ErbB3-c- Met >

Her 3/ NIt _skigyreBBSS SEQ | D NO Bindingafpispsafis antbrdieiie thegslbivrBee Aliman 1 9@

SEQ I D NO 42 heavy chai n const@gterrcegs on of human 1gG3 SEQ | D NO 43 hunman

| i ght chain kappa constant regi pn.SE 44 humgn | ight chain | anbda

constant r Pﬁ‘g SEQ I D NQO 45 %ﬂﬁr@hﬂ MGEI%@?‘?CBQ@%WH%’%% Er bB- 3
phosphorylation by bispecific Her3/c-Met antibody

formats
15  Figure 10 Inhibition of HRG-induced Her3 receptor
phosphorylation by bispecific Her3/c-Met antibody
formats.
Figure 11, 12 and 13 Inhibition of HGF-induced HUVEC proliferation by

bispecific Her3/c-Met antibody formats
20  Figure 14 Inhibition of proliferation in the cancer cell line A431
by bispecific Her3/c-Met antibody formats.
Figurel5 and 16 Analysis of inhibition of HGF-induced cell-cell
dissemination (scattering) in the cancer cell line A431
by bispecific Her3/c-Met antibody formats.

25 Figure 17 Analysis of Her3 and c-Met cell surface expression in
four different cancer cell lines.

Figure 18 Analysis of antibody-mediated receptor
internalization in the cancer cell lines A431, A549,
and DU145.

30 Figure 19 Analysis of HGF-induced cellular migration of A431

cells. A. Migration of A431 cancer cells was
measured as a function of impedance in the presence
of an increasing dose of the bispecific antibody
MH_TvAbl18. Displayed is the endpoint readout after
35 24h. B. As control an unspecific human IgG control



SEQ I D NO 47 heavy chain variable domain VH <ErbB3 > Mab 205 (nurine) SEQ
I D NO 48 |ight chain variable domain VL, <ErbB3 >Mab 205 (nurine) SEQ ID
NO 49 heaW9 20104i1s552ar i abl e domai n VH, <ErbB3 > Mab 205. POT(ERaete6D20e3) SEQ
I D NO 50 light chain variable domain VL, <ErbB3 > Mab 205.10.1 (hunmani zed)
SEQ I D NO 51 lIight chain variable dofsmin VL, <ErbB3 > Mab 205. 10. 2
(humani zed) SEQ ID NO. 52 |ight chain variable domain VL, <ErbB3 > Mab
205. 10. 3 (humani zed) SEQ I D NO 53 heavy chain CDR3H, <ErbB3 > Mab 205. 10SEQ
| D NO. 54 heavy chain CDR2H, <BErdsB@ded ivbbsigibr ¢oncemeetian maess theavy chain
CDR H, <ErbB3 > Mab 205. 10 SE%ié%g%)rﬁﬁaol i,ght chain CDR3L, <ErbB3 > Mab
205.10 SEQ I D NO 57 light chain , £ <|£:l>'bB3 > Mab 205. 10 SEQ.I D NO 58
|ight chaiFig@BRRQ (variant 1), Araysesf celivel cpopslingngby thepisggseslic | | ght chai n
CORIL (variant 2), <ErbB3 > Myfer3RoMED sSERQSSRHNGhtHbdReAWT20MRIIG CDR3H, <
ErbB3 > HER3 clone 29 SEQ ID NQ .61 héav _9 i < rPBB > HER3 cl one
29 SEQSID NO. 62 heavy chain mflg?/l%r%ﬁ% é&ﬂﬂ%?il( WéMgé SEQ ID NO 63
| i ght chaiFjig@RRBL, < ErbB3 > HIDS pageostibisiiecific@ldrBYcN@et &tibodht chai n CDR2L,
<Er bB3> HER§ clone 29 SEQ ID .352 Ii%h% Cgﬁ%@ Er bB3> HER3 cl one 29
SEQ I D NO. 66 heavy chain T hATY @h 8Lef NO. 67 heavy chain
(I:DRZD Ng gc-l\/bt> I\/alral 505 SEQ | D Hi@3/Me&_sdday iKitrightsidBRl H, <c- Met > Mab 5D5 SEQ
L 69 . ai n CDR3L, : . light chain
CDR2L, <c-]k}§?géﬁb 505 SEQ | D%%%%ﬂ%@%?%@ﬁ“ﬁ@%ﬁ?gbmb 505
Descrilfti on of the Figures Fi doed/ctMstaibreies Hard/YgtuscEvePkE full 1ength
anti body wi t hout (Fig22a) and Her3/MetscFv_KH (Fig22b)

Experimental Procedure

Examples
15 Materials & Methods

Recombinant DNA techniques

Standard methods were used to manipulate DNA as described in Sambrook, J. et
al., Molecular cloning: A laboratory manual; Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, New York, 1989. The molecular biological reagents were

20 used according to the manufacturer's instructions.

DNA and protein sequence analysis and sequence data management
General information regarding the nucleotide sequences of human
immunoglobulins light and heavy chains is given in: Kabat, E.A. et al., (1991)
Sequences of Proteins of Immunological Interest, Fifth Ed., NIH Publication No
25 91-3242. Amino acids of antibody chains are numbered according to EU
numbering (Edelman, G.M., et al., PNAS 63 (1969) 78-85; Kabat, E.A., et al.,
(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
30 suite version 8.0 was used for sequence creation, mapping, analysis, annotation and

illustration.



CH4 domain specifically binding to a first antigen 1 with two pairs of
heavy and |ight chain which conprise variable and constant domains in a
typi cal owoOep10/HFFar e 2a-c Schematic structure of a bi vaCempoloioseti fic

<Er bB3- c-

Met > anti body, conprising: a) the light chain and heavy c

hai n of

a full length anti body specifically-&)nding to human ErbB-3; and b) the
| i ght chain and heavy chain of a full length antibody specifically

to human c-Met, wherein the constant donmains CL and CH , and/or the
vari abl e dONai sequficiagd VH are replaced by each other, which are no

with knob
trival ent

N s8leficds SRE | BAmblAUDE dhuBldI AN %e@%ﬁeﬁgegéﬁam% af
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bi ndi ng

dified
a

i nvent i on, Sasmpfrers (Mpterstetien, Gesmgny) andtGangal Asfpéltergensialrgﬁmmwg to a first

antigen 1 to which a) Fig 3a two pol ypeptides VH and VL are fused (the VH

and VL dongimssydith&@ h together formng a antigen binding site specifically

bi ndi ng to_ a s cond anti
e

are fused

en 2; b) Fi 3b | ptid CH
Resire \gqnar&?gwgﬁomﬁenggeaﬁeﬂo% e\ﬁ'o ﬁ% p@‘&s%ﬁSﬁgrga Hrmagy

si te specifrofalyhthetic I’d)diigﬂ@ldlébtﬁles andPCRaptidyets 1) aktomalal géehameidss.

Pventt on. TRORS seBmb VB i SRR b GuRTeuRRNh ARERLICRY otk bt

I nvention

d VL-CL
bi ndi ng

0 a

first antisges wer¢ clonkd GMOtp@Ap&I(gdppBl pliewidsHTan plagmid RN Auwatipytihed VH and
VL domai nspgf, t&%ﬂaghe(%a&&aa EbdnRarfil A& dEY 0% §idcBosRBy! The

bi ndi n% to

15

20

25

30

a second ant I%
DNA sequence of the su cloned gene fragments was confirmed by DNA

sequencing. Gene Segments coding “knobs-into-hole” Her3 (clone 29), antibody
heavy chain carrying a T366W mutation in the CH3 domain with a C-terminal 5D5
VH region linked by a (G4S), peptide connector as well as “knobs-into-hole” Her3
(clone 29) antibody heavy chain carrying T366S, L368A and Y407V mutations
with a C-terminal 5D5 VL region linked by a (G4S), peptide connector were
synthesized with 5’-BamHI and 3’-Xbal restriction sites. In a similar manner, DNA
sequences coding “knobs-into-hole” Her3 (clone 29) antibody heavy chain carrying
S354C and T366W mutations in the CH3 domain with a C-terminal 5D5 VH
region linked by a (G4S), peptide connector as well as “knobs-into-hole” Her3
(clone 29) antibody heavy chain carrying Y349C, T366S, L368A and Y407V
mutations with a C-terminal 5D5 VL region linked by a (G4S), peptide connector
were prepared by gene synthesis with flanking BamHI and Xbal restriction sites.
Finally, DNA sequences encoding unmodified heavy and light chains of the Her3
(clone 29) and 5D5 antibody were synthesized with flanking BamHI and Xbal
restriction sites. All constructs were designed with a 5’-end DNA sequence coding
for a leader peptide (MGWSCIILFLVATATGVHS), which targets proteins for
secretion in eukaryotic cells. Gene synthesis for other bispecific antibodies
described below, was performed analogously using the respective element of the
variable and constant region ( e.g. specified in the design section below and
Tables 1 to 5).

Construction of the expression plasmids
A Roche expression vector was used for the construction of all heavy and light
chain scFv fusion protein encoding expression plasmids. The vector is composed of

the following elements:

ally



"knobs and hol es". Fig 3d: Schematic representation of a trivalent,

bi specific anti body according to the invention, conprising a full length
ant i body wWpeoifils®skl y binding to a first antigen 1 to WRCTHEPRE®/002005

pol ypeptides VH and VL are fused (the VH and VL dormai ns of both together
formng a antigen binding site specigjcally binding to a second anti gen 2,
wherein these VH and VL donmains conprise an interchain disulfide bridge
bet ween positions VH44 and VLI OO with "knobs and holes". Figure 4 4a:
Schemati ¢ st ruct uagygfoniyten fedistanpe gaiddsa seledgbenabarn Fab fragments 4b:

Schematic structure af.t t.wo..si ngl ain Fy fra Figure 5 Schematic
structure of a 'trWQPmOﬁ%BEIéCSEBM%J‘?QEEBﬁ?P' %Mﬁg@rﬁ?)oody conprising a
full |ength anti bedyriginbforplicitiog|feont el vectealpUG1&grmeich alléwg répdication one

single chain Fv fr I PRy~ bispecific trivalent exanple with knobs
and hol esFi gure GOEgﬁiﬂg%rfl@ISt r'uctlure of a tetraval ent, bispecific

<Er bB35c- Met > ant iibsteylaetamgse genggvhich confers apypicillimresipignse iadd celio si ngl e
chain Fab fragnengse (fdedi@dt @arly\Wenkdnded CarfdNdhrombver! fRAMIEMeS Kirhéh 6b) -the
c-Met binding sites are deri vg_g M[};ém c-Met dinerisation inhibiting

anti bodi es Fi gur e YoBeRARIIEHEMIt ure of a bival ent, bispecific <ErbB3-

c- Met > anti body- i theMtudtanorieinmabinaglobilsh rpepyadeeylatiort h(“polyc ) fsignghent .
Figure 8 Binding of hi seo%:éfic anti bodies to the cell surface of cancer

cells Figure 9 | nRTBITTOA"Of HGE-i nduced c- Met recept or
10 - 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.
The pG18 (ampR) plasmids carrying the synthesized DNA segments and the Roche

15  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
vectors. The final expression vectors were transformed into E. coli cells, expression

20 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.

Transient expression of immunoglobulin variants in HEK293 cells

25 Recombinant immunoglobulin variants were expressed by transient transfection of
human embryonic kidney 293-F cells using the FreeStyle™ 293 Expression System
according to the manufacturer's instruction (Invitrogen, USA). Briefly, suspension
FreeStyle™ 293-F cells were cultivated in FreeStyle™ 293 Expression medium at
37°C/8 % CO, and the cells were seeded in fresh medium at a density of 1-2x10°

30 viable cells/ml on the day of transfection. DNA-293fectin™ complexes were
prepared in Opti-MEM® I medium (Invitrogen, USA) using 325 ul of 293fectin™
(Invitrogen, Germany) and 250 pg of heavy and light chain plasmid DNA in a 1:1
molar ratio for a 250 ml final transfection volume. “Knobs-into-hole” DNA-
293fectin complexes were prepared in Opti-MEM® I medium (Invitrogen, USA)

35  using 325 pl of 293fectin™ (Invitrogen, Germany) and 250 pg of “Knobs-into-



phosphoryl ati on by bispecific Her3/c-Met antibody formats Figure 10

I nhibition of HRGinduced Her3 receptor phosphorylation by bispecific

Her 3/ c- MeWO2xanto/dwe formats. Figure 11, 12 and 13 | nhi biPCira®2@H/0p48P5 | nduced
HUVEC proliferation by bispecific Her3/c-Met antibody formats Figure 14

I nhibition of proliferation in the cémecer cell line A43 1 by bispecific
Her 3/ c- Met antibody formats. Figurel5 and 16 Analysis of inhibition of
HGF- i nduced cell-cell dissem nation (scattering) in the cancer cell |ine

A43 1 by Hicd¢tiedaliy chadarl3dnd-Matd ghtichaidpldsoridnbXNA ifFadulr:2 miotaryatib yetia of Her 3
and c- Met +nl Sﬁ@ (@gggggp%eéémﬁ{e 'A}mfbw BhfaffhE kN ARG ZLg)%HatAdt.@es

Figure 18 ody- nedi ate eceptor-intern tion in the
cancer cel\lvel‘ﬁl estet3 71dayssafier taesfentionsby regigifesation pgtal 4Q00s gofor K- i nduced

cel | ul ar mhgfadsi 00 fﬁ{ere%fltﬁilmfgﬂlaﬂ seriloMiltd @ 28 LR, SUpeAthdhiEworafore@ht s was

neasured as a function of inpedance in the presence of an increasing dose
of the i s%ﬁecq PRl paskly CB%‘EB/ MH TvAbl 8. Displayed is the endpoi nt readout
after 24h. B. As control an unspecific human 1gG controlwas added in a
simlar copeefitdtidn efbispueific asd téritrdliapibotlies ant i body Figure 20 Analysis

of cell-cel] ssl nki n t bod
I n HT29 c?%‘lsgec(l "ﬂ‘é“‘% %‘ﬁ‘bﬁaﬁig’ zggﬁté%&% re s E&?%égg algeoo%/
bi speci fi oafﬁlenjslcbIMtognphbmldmesPrHEﬂlIB/A‘v@@p elthcasq, cﬁefyed&ng
Her 3/ Vet _sgfav sibbial A0t si3k 9&clusion chromatography. Briefly, sterile filtered cell

10  culture supernatants 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 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

15 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
Healthcare, Sweden) equilibrated with 20mM Histidin, 140 mM NaCl, pH 6.0.
Fractions containing purified bispecific and control antibodies with less than 5 %

20  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 5DS5
monoclonal antibody and subsequent removal of contaminating Fc domains by
Protein A chromatography. Unbound Fab fragments were further purified on a
Superdex200 HiLoad 120 ml 16/60 gel filtration column (GE Healthcare, Sweden)

25  equilibrated with 20mM Histidin, 140 mM NaCl, pH 6.0, pooled and stored as 1.0
mg/ml aliquots at -80°C.

Analysis of purified proteins
The protein concentration of purified protein samples was determined by
measuring the optical density (OD) at 280 nm, using the molar extinction
30 coefficient calculated on the basis of the amino acid sequence. Purity and
molecular weight of bispecific and control antibodies were analyzed by SDS-
PAGE in the presence and absence of a reducing agent (5 mM
1,4-dithiotreitol) and staining with Coomassie brilliant blue (Exemplary Fig 21
SDS-Page for bispecific Her3/c-Met antibodies Her3/MetscFvSS_KH (left side)
35 and Her3/MetscFv_ KH (right side)). The NuPAGE® Pre-Cast gel system



Figure 22 HP SEC Analysis (Purified Protein) of bispecific Her3/c-Mt

anti bodi es Her 3/ Met _scFvSSKH ( Fi g22a) and Her 3/ Met scFv_KH (Fi g22b)

Experi merwel20®viag¥dur e Exanpl es Materials & Met hods Rec®GhiERa0H0/0IIAS

t echni ques Standard net hods were used to nani pul ate DNA as described in
Sanbrook, J . et al., Mlecular clonghg: A |laboratory manual; Cold Spring
Har bor Laboratory Press, Cold Spring Harbor, New York, 1989. The nol ecul ar
bi ol ogi cal reagents were used according to the manufacturer's instructions.
DNA and pr(dxh\etragaeqlﬂampwmmeéq/mwnhng te ¢lp) eracefadwrer’ menstrgemen(4-2:Mer al

| Tont Tana TREORAAL . nd MlFaklC o REALSF gpean Hﬁm"k‘%%@%&’ Hences of
Prot ei ns cfamiphesuwiad ailyzad uyrhleh@gtfonmrfc@r‘s%usmwaﬁmbi%mfmﬁlma b1-3242.

Ani no aci ds?z@éx&mdxpe@mnﬁ N(}smq@autﬁca E&éi'l%alﬁ%dﬂnm K19,Pd, 2500RM Ng
( Edel man, 69) 78 Kab (1991)

Sequendes ]69 FPH)? erﬂ%mﬁg bPﬁ?ﬁﬂﬁ@ﬁo@ 2als PFﬂt@P@é"Ee 1rp?qtcf<forEﬁl_e,cokﬂqq1 Bl ication
No 91- 3242ﬂow Thte 060G ml/inieaed esedGesgpatiesve50uninuids dF @ atabiiy smalysis)

ft '
versi on 8 GsELAIeaYoF bmelh AL RRen] BEFTE S 4 RSO GHREL ot i on
and il ustT atyorndNAes eyabntednby Digh-pederennes SEC degetitl? B Amlysdoubl e
strand Seg&bg ReEAIpREG rdg% ns@ga BHerHE et \Jﬂaﬁ&ﬁ%gtﬁ&w&ssm&ymnd

Geneart egens esl s sired gene SE'gITEI’lt S were
preparldd b lg?@raéafmd WW& (Fkgégh%nﬁf)hef HbeaTHY n‘?fhéllq @mino  acid
ol i gonucl egfckplaR NebdRédd &%E@Bﬂﬁé antWoBUfi Qﬁ%@%eﬁ@?%hﬁfx‘l@t\ﬂﬁsd'&}ﬁeﬁhey gene

segnents which are flanke y singul ar restrlct|on endo eava e
sites wer eNaIGHerosPRY éﬁ@ 455 RPepToRGiyg & eFI'HSmBVa H‘?gﬁlﬁiw 3bur| 19| ed

f rom tr ansérexnmtic bach®idnd amh c Peptede- NaGlyoosidiat erfni nedejie U\Mekeeular oscopy.
The Biochemicals). Yields were e.g. for the bispecific Her3/c-Met antibodies
15 Her3/MetscFvSS KH 28.8 mg/L (ProteinA and SEC) and Her3/MetscFv_KH 12.3

mg/L (ProteinA and SEC)).

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
20 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
25 onice 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 %
30 Bis-Tris NuPage gel (Invitrogen) and proteins on the gel were transferred to a
nitrocellulose membrane. Membranes were blocked for one hour with TBS-T
containing 5% BSA and developed with a phospho-specific c-Met antibody
directed against Y1230,1234,1235 (44-888, Biosource) according to the
manufacturer’s instructions. Immunoblots were reprobed with an antibody binding
35  to unphosphorylated c-Met (AF276, R&D).



DNA sequence of the subcl oned gene fragnments was confirnmed by DNA
sequenci ng. CGene Segnents codi ng "knobs-into-hole" Her3 (clone 29),

ant i body weavw/ubk#en carrying a T366Wnutation in the CPRBTGPR2@0/00200% h a
Cterminal 5D5 VH region |inked by a (&4S)n peptide connector as well as
"knobs-into-hole" Her3 (clone 29) ang4 body heavy chain carrying T366S,
L368A and Y407V nmutations with a Ctermnal 5D5 VL region |linked by a
(GAS)n peptide connector were synthesized with 5 -BanmH and 3' - Xbal
restricti dier3 (BrbB3) phosphuirylatiomassayr, DNA sequences codi ng

"knobs-i nt p 4C and
T366W mut AT 0Re MG T ks Seeded ol el Eh 2 ?mln@P?es%s&?}Wﬁe I nked by
a (G4S)n peplimie(RPMhEA00 046 Fis)| Cells wirnabewedto staw t 9 @nftieasie 29)
ant i body hg if maaayscwdmxﬂgwﬁ%&reﬂ é&ﬁswnh%@%t%mm\%&wcmmgans wi th
a C-termna region |ink i’ﬁ)ﬂ! etldec nnect or e
prepar &d 5 derf@%ym%é§¥%dw tﬂI*F F?Sﬁﬁ‘l‘%}"ﬁga esawerexﬁ%gp qraented af it V\%n sites.
Elengl I(yi Dhl&cﬁt@al&ﬂs%ﬁraaeﬁfd;) Reir e didditRe b agy r@hﬂ%LH?’bﬁulﬁh@R&D)of | t heOI

r clo nt.i wer e si.zed Wi n
Xbal rest ryRqm efiion %&erﬁg‘lﬂl%ﬁeﬂ%t‘Y%‘éfggm&F‘g g fpnues éafg?rqst%ggﬁ i
sequence ]E,\oehe norfetedaaddehded. Rrefin (denc(ehtﬂitﬁiﬂl WaF Ide¢eTATI@dHB)ng wiei BE'A ar get S
prot ei ns n a
b1 apeci 11 R HERHL" A0S HECY Ble Bl vl SRR 0812 AOBITHIET ) e
r esped®i veNePageesst (Iovitrogenhandi pipleins pnche sﬁsw%rﬁ trapgigrred tq a eltgpcegwe@q fied in

the desi gnnsf6ianeNMMBIHRINANWerkahb8&d lfok Gne) hourawsh 'MBE-TofbrRdininBes X pr essi on
pl asm ds A Roche expression vector was uﬁeglﬁ E g constructi f all
et B

heavy and B$QnindcAgystonsdryith & iphasphespesifc e@(’éﬁk’BQ%l%’ﬁC‘gF%{ i ds. The

vector is reeopnsng ToF128b€479, I0eWiSignaihglent s: a hygronyci n resi stance gene
as a selection marker, - an origin of replication, oriP, of Epstein-Barr
virus (EB ca n Ol’al gin of replication fromthe vector pUCL8 which allows
replicatio ?Fﬁ Y plasmid in E. coli a beta-|lactanase gene which confers
anpi cillsl i nAﬁ%(@OQnd@ par viell) 001443 1-(89Mkcallyperival b werersegdesitha dex priehd

pronot er fcro%BotuFl& tAFRENt in a total volume of 200 pL in 96-well E-Plates (Roche,
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 pL of the

20 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

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.

25 Migration assay
Migration assays were performed based on the Real Time Cell Analyzer
Technology (Roche). For this purpose, the lower chamber of CIM devices with 8
pum pores were filled with 160 pL of HGF-conditioned media (50 ng/mL). The
device was assembled and 100000 A431 cells in a total volume of 150 uL were

30 seeded in the upper chamber. To this, bispecific antibodies or control antibodies
were added. Migration was allowed to proceed for 24 h with regular sweeps every
15 min in between. Data was exported and is presented as an endpoint readout
after 24 h.



cytonegal ovirus (HCW), the human 1-i mmunogl obul i n pol yadenyl ation ("poly
A") signal sequence, and - unique BanH and Xbal restriction sites. The

i mmunogl owol2or/fisgs2on genes conpri sing the heavy or |i girCT@EPadI0/00O05t r UuCt S
as well as "knobs-into-hole" constructs with Gtermnal VH and VL domai ns
were prepared by gene synthesis and-g4oned into pGA18 (anmpR) plasm ds as
descri bed. The pGl8 (anpR) plasm ds carrying the synthesized DNA segnents
and the Roche expression vector were digested with BamH and Xbal

restricti dfloengyemetry Rescdyaq FIMCS)cul ar Bi ocheni cal s) and subjected to agarose
gel electrophoresis. Purified heavy and |Iight chain coding DNA segnents

were t henr gllﬂﬁm &u%nﬁ{%ﬁloh??b@fl%ﬁ@@ﬁ&e@ﬂrﬁzﬁﬁé on vector BanHl / Xbal

f ragnent expression vectors. The final expression
vectors weedlst wmsmemtmled m &eeog@@hmmgrquth phape. d3biconflysna sallt WORA was

i sol ated (MidthBd eRith 2RuBlD] @GHRS), t@uheaéx'&hc 1'5@@ YW@Ca”fﬂMﬁi)saﬁ@d DNA
sequencing. Correct clones were grown in | medi um, r%i’ﬁs
d by DNA

pl asmi @ DNHbigaently washed ("IV&?(l‘ﬁ‘rﬂérBB%rﬁ?nEaé‘HD%r?cé’ .Fﬁ?tsegTq tdpterming
sequenci Ngelafiv@nEdePidr sRXEH BSEINAFAridbn itdBtHRO GEID kb, NxVaeS adlfsswere ditak293 cel |'s
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Invitro rP%%S
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(Invitr oge‘)hn‘fdF FHon 4% zé‘ﬁgﬂﬁ““ﬁg H')QB d¥m (@ﬁ YIRSV d'DNA i n a

1: 1 nol ardlmimmatfediw@g abd deiad EtllsalMéanaﬂlwrmtanmmmﬂsiﬂMmt‘) kifahs celmst o- hol e"

DNA- 293f eg C ogen,
USA) using %gz‘%terﬂ%ngﬁdet%@? P"eni) ﬁ{)(% nV| t?)’gen erixalsny%j rﬁcf(d { of

" Knobdsi ntiohbipbtathe af ywe hadependent dtamiagsl Hlowheyterhetin spﬂc&gnwdremmhem al:1:2

mol ar rati o@&ﬁed%s@h%l&b%oﬂ%a?@@ﬁ@%thﬁn vol une. Anti body containing

cell cultdre supernatants

a) Binding Assay
A431 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
20 min onice 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 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
25  were spun down washed twice with 200 uL. 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 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 FlowlJo
30 software (TreeStar). Half-maximal binding was determined using XLFit 4.0
(IDBS) and the dose response one site model 205.

b) Internalization Assay
Cells were detached and counted. 5x10e5 cells were placed in 50 uL complete
medium in an eppendorf tube and incubated with 5 pg/mL of the respective



were harvested 7 days after transfection by centrifugation at 14000 g for
30 mnutes and filtered through a sterile filter (0.22 nm. Supernatants
were st orwe2at0/Hss3Q C until purification. Purification ®CTHPepesIFon: and
control antibodi es Bispecific and control antibodies were purified from
cell culture supernatants by affinitgechromatography using Protein

A- Sepharose(tm (GE Heal thcare, Sweden) and Superdex200 size excl usion
chromat ography. Briefly, sterile filtered cell culture supernatants were
appl i ed orbigpecifirapibBdpted 1WE. Witet thenihjlicated tirae mujntsicelts aemcstovied lonRP&S buf f er

(10 nmM Naz2HP: . KH2P K H Ih-~dnbound
proteins V\l/lel}tle \/\'/eaisLlpﬂgéc\j4 o&lr}% ‘\%"t ﬁ&géllﬁlqug %{?‘g{‘?’ %ﬁgb%]llg ers R%l ?fﬁ’gaiz%ﬁd”‘ CastlJti body
vari ant s viebes, spun etdpwa (1509, ipoM 67G,r Smim)pwfasleed, with PB8, +ah%h FRE padt ei n
containin i uir afi i 1 i : Then,

t he el ut egeél?%t?égl 2&??%?8% iII/\}e?d()a %%%hgg&%%@ﬂée%?%gggz%@dﬁy g‘ﬁng?n&&on Utra
cent ri Pugadirectadiagaingeliyraan Fambesh wes dluted in FBS centamning:2 Yo FGSdIasksan i and

| oaded on EnrpRREREIAD091 1l6088). L2MsRherd GLHA Pah dowvid, vashed wedl PBS « GE

Heal t hcare en ui librat.ed th 2 Hi stidin, 140 ~PH 6. 0.
Fract | ons. EUnt Gon i THGISPER BRI Pes SCRTIEE Y BPVaRPBEY dE ART h | ess
than 5 % hCgho,®Decul ar wei ght aggregates were pool ed and stored as 1.0

ng/ M aliquots at - 800C. Fab fragnments were generated by a Papai n di gest

of the puré)fél%g%l%%g?%ggﬁgﬁak anti body and subsequent renoval of

cont am nat | ng rotein A chromatography. Unbound Fab fragnents
wer e fl@r t HET2Paells | wereodetached pequisdoend Hplibag tweo papulatéorso whiedh miere rat i on

col um ( GHpheadual§akRincdaden) PREE! aRd PRI t(SighiMddesidind no KO M
NaCl, pH 6.0,Lg§oo ed .and st ore(g%as 1.0 n&/m al i quat's S’E g C. Anal ysis of
purified prafwpsiurersdngipustians, Qosachiof thg Saimed Poptlafipt ok 1e 6l Yeihml es was
det er m necakeh, nGeasbiniédgnd iscubatedctolr 3leasd 60 Mik)teatwith8D0 nrg/misbfighd he nol ar
extinction coef.figient.calgulat.ed on,the hasis, of .the i No,.aci d. sequence.
ur 1y andenieae Papeiaf Snittsd B ofbice Mol BB hO AR RLRE pfE
anal yZéd hsellsperageradrontike uptilebe tive cante atrsenowleéd. Lells dere sppnadoyt (5 v
(1500 rpm, 4°C, Smin), washed with PBS + 2 % FCS and fluorescence intensity
was determined by flow cytometry (FACS Canto, BD).

Cell Titer Glow Assay

Cell viability and proliferation was quantified using the cell titer glow assay
20  (Promega). The assay was performed according to the manufacturer’s instructions.

Briefly, cells were cultured in 96-well plates in a total volume of 100 pL for the

desired period of time. For the proliferation assay, cells were removed from the

incubator and placed at room temperature for 30 min. 100 pL of cell titer glow

reagent were added and multi-well plates were placed on an orbital shaker for 2

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

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 pL of Wst-1 reagent

(Roche, 11644807001) were added to 200 pL of culture medium. 96-well plates
30 were further incubated for 30 min to 1 h until robust development of the dye.

Staining intensity was quantified on a microplate reader (Tecan) at a wavelength of

450 nm.



1,4-dithiotreitol) and staining with Coomassie brilliant blue (Exenplary
Fig 2 1 SDS-Page for bispecific Her3/c-Met antibodi es Her3/ Met scFvSS KH
(left sioepardiirese3/ Met scFv_KH (right side)). The NuPAGEEP2R0®010aSt gel
systen(lnvitrogen, USA) was used according to the manufacturer's
instruction (4-20 % Tris-Ad ycine gelg)y. The aggregate content of bispecific
and control antibody sanples was anal yzed by hi gh-performance SEC using a
Superdex 200 anal ytical size-exclusion colum (GE Healthcare, Sweden) in
200 mv KHmaceZHasmMnmwmpHe? O running buffer at 25C. 25 ng protein were
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structure scheme see Fig. 5,— eventually not all features mentioned in the Table are
20  include in the figure) from a c-met antibody (cMet 5D5) with the respective
features shown in Tablel one were expressed and purified according to the general
methods described above. The corresponding VH and VL of HER3 clone29 and

cMet 5DS5 are given in the sequence listing.
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In Table 2: Trivalent, bispecific <ErbB3-c-Met> antibodies based on a full length
ErbB-3 antibody (Mab 205, obtained via immunization (NMRI mice immunized

with human HER3-ECD)) and one single chain Fv or scFab fragment (for a basic

structure scheme see Fig. 5b and a — for detailed structure see Table) from a c-met

antibody (cMet 5D5) with the respective features shown in Table2 were expressed

and purified according to the general methods described above. The corresponding

VH and VL of Mab205 and cMet 5D5 are given in the sequence listing.
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In Table 3: Trivalent, bispecific <ErbB3-c-Met> antibodies based on a full length
ErbB-3 antibody (Mab 205.10.2, obtained via immunization (NMRI mice

immunized with human HER3-ECD) and subsequent humanization) and one scFab

fragment (for a basic structure scheme see Fig. 5a ) from a c-met antibody (cMet

5DS5) with the respective features shown in Table 3 were expressed and purified

according to the general methods described above. The corresponding VH and VL
of Mab 205.10.2 and cMet 5DS5 are given in the sequence listing.
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In Table 4: Trivalent, bispecific <ErbB3-c-Met> antibodies based on a full length
ErbB-3 antibody (HER3 clone29) and the VH and VL domain (for a basic structure

scheme see Fig. 3a, 3¢, and 3 d — eventually not all features mentioned in the Table

are include in said figures) from a c-Met antibody (cMet 5DS) with the respective

features shown in Table 4 were expressed and purified according to the general
methods described above. The corresponding VH and VL of HER3 clone29 and

cMet 5D5 are given in the sequence listing.
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5 In Table 5: Bivalent, bispecific <ErbB3-c-Met> antibodies wherein one binding
arm is based on a full length ErbB-3 antibody (HER3 Mab 205 or humanized
versions Mab 205.10.1, Mab 205.10.2 or Mab 205.10.2) and the other binding arm
is based on a scFab fragment from a c-met antibody (cMet 5D5) with the
respective features shown in Table 5 (for a basic structure scheme see Fig. 7) were
10  expressed and purified according to the general methods described above. The

corresponding VH and VL of HER3 Mab 205 and cMet 5DS are given in the

sequence listing.
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Example 1 (Figure 8)

Binding of bispecific antibodies to the cell surface of cancer cells

The binding properties of the bispecific antibodies to their respective receptor on

the cell surface was analyzed on A431 cancer cells in a flow cytometry based

assay. Cells were incubated with the mono- or bispecific primary antibodies and

binding of these antibodies to their cognate receptors was detected with a

secondary antibody coupled to a fluorophor binding specifically to the Fc of the

10

primary antibody. The mean fluorescence intensity of a dilution series of the

primary antibodies was plotted against the concentration of the antibody to obtain a

sigmoidal binding curve. Cell surface expression of c-Met and Her3 was validated
by incubation with the bivalent 5D5 and Her3 clone 29 antibody only. The Her3/c-



is based on a scFab fragnent froma c-nmet antibody (cMet 5D5) with the
respective features shown in Table 5 (for a basic structure schene see Fig.
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P f e |ty o] e c- Met

inhibits recep or phos oryla nmonstrati nl%l nct1 ona
scFv dénpanwsphorylation demonstratlng functionality of the c-Met scFv component.-

Example 3 (Figure 10)
Inhibition of HRG-induced Her3 receptor phosphorylation by bispecific
Her3/c-Met antibody formats

To confirm functionality of the Her3 part in the bispecific antibodies a Her3
20  phosphorylation assay was performed. In this experiment MCF7 cells were treated
with the bispecific antibodies or control antibodies prior exposure to HRG
(Heregulin). Cells were then lysed and phosphorylation of the Her3 receptor was
examined. Her3/c-Met scFV_SSKH and Her3/c-Met KHSS inhibit Her3 receptor
phosphorylation to the same extent as the parental Her3 clone29 indicating that
25 Her3 binding and functionality of the antibody are not compromised by the

trivalent antibody format.

Example 4 (Figure 11,12,13)
Inhibition of HGF-induced HUVEC proliferation by bispecific Her3/c-Met

antibody formats

30  HUVEC proliferation assays can be performed to demonstrate the mitogenic effect
of HGF. Addition of HGF to HUVEC leads to a twofold increase in proliferation.

Addition of human IgG control antibody in the same concentration range as the



Exanmple 3 (Figure 10) Inhibition of HRGinduced Her3 receptor

phosphoryl ati on by bispecific Her3/c-Met antibody formats To confirm

functi onawOt2g100fi53she Her3 part in the bispecific anti bo@dCeEPa01b®IR05
phosphoryl ati on assay was perforned. In this experinent MCF7 cells were
treated with the bispecific antibodigs.or control antibodies prior exposure
to HRG (Heregulin). Cells were then | ysed and phosphoryl ati on of the Her3
receptor was exam ned. Her3/c-Met _scFV_SSKH and Her 3/ c- Met _KHSS i nhi bit
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Titration o nstrate a weak i'nhibitory effect of the

ant i body (Iferg/c-¥ss_ scﬁhéﬂé?%e%hlbg thg sansg degres ppghifesptiqmwhilptian. \dis 6

anti body inghdRtrhied thd &incliohSAIRYSIT thE It 6m I_[g@fwno\i@&hcetﬁ‘va@aman%oam
anti body. f',I'hree different scFv anti bodies (Her3/c-Met _scFv_SSKH,

Her 3/ c- Met 1@ KH, Her3/c-Met_scFv_KHSB) exhibit the sanme degree of
proliferation inhibition. This denpnstrates the functionality of the c-Met
conponent Example § (Rignatec#) anti body f ormat.

Inhibition of proliferation in the cancer cell line A431 by bispecific Her3/c-Met

antibody formats

If A431 are seeded in serum reduced medium, addition of HGF induces apart from

scattering a weak mitogenic effect. This was exploited to analyze the impact of
20  Her3/c-Met_scFv_SSKH and Her3/c-Met KHSS on HGF treated A431

proliferation. Indeed, the bispecific antibodies can largely inhibit the HGF-induced

increase of proliferation (15 %). Her3/c-Met_scFv_SSKH is as good as the 5D5

Fab fragment while Her3/c-Met KHSS has to be dosed higher (12,5 pg/mL in

contrast to 6,25 pg/mL) to obtain similar effects. A control human IgG1 antibody
25  has no influence on HGF promoted A431 cell growth.

Example 6 (Figure 15,16)
Analysis of inhibition of HGF-induced cell-cell dissemination (scattering) in

the cancer cell line A431 by bispecific Her3/c-Met antibody formats

HGF-induced scattering includes morphological changes of the cell, resulting in
30 rounding of the cells, filopodia-like protrusions, spindle-like structures and a
certain motility of the cells. The Real Time Cell Analyzer (Roche) measures the
impedance of a given cell culture well and can therefore indirectly monitor changes
in cellular morphology and proliferation. Addition of HGF to A431 and A549 cells

results in changes of the impedance which can be monitored as function of time.



Exanple 5 (Figure 14) Inhibition of proliferation in the cancer cell line

A431 by bispecific Her3/c-Met antibody formats If A43 1 are seeded in serum

reduced rwoi20ry11a%$di ti on of HG- i nduces apart from scat PETIERQO1L/00E8K

m togenic effect. This was exploited to anal yze the inpact of

Her 3/ c- Met _scFv_SSKH and Her 3/ c- Met - ®%SS on HGF treated A431 proliferation.

I ndeed, the bispecific antibodies can largely inhibit the HG--i nduced

i ncrease of proliferation (15 % . Her3/c-Met_scFv_SSKH is as good as the
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results in changes of the inpedance which can be nonitored as function of

ti me. Her 3/ &G Aer 3/ Met - 6C i nhi bit HG--induced scattering with

Her 3/ Met - | caci ous (20 7. % and 43,7 %scatte I nhi bi tion)

(Fig. 105). Almb’é'é oficel] anrdage expression ofifhaiter3 apd c3Ylet Kereptardp theky  Her 3/ c-

Met _scFv_Kincketel Bndver 47y, AS49HABR1 diipHay1 medi um ef ficacy in suppressing
HGF- i nduced scattering as can be obser ved by the reduced sl ope of the curve

drawi ng n un at ed. c r ol cur Ve 9 % THadpscatter
I nhi biti oﬁf1 ‘f—*"ﬁ‘ﬁfy i‘%gﬁ 9t W\ﬁ‘%gg%é?mtrﬁtéo r%ﬁcsgnc f:lr at |800ﬁ9g4é%2€%&@/ m. t he
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Exanple 7 &F 1HYE fn dcbbrdahl mmMCfévlﬂsmﬂ@%al FHBIE83 harsiRlyh N8aber 3 and
c- Met recep I n the cancer I nes Ad43 H441

and A549 display similar levels of c-Met whlle H441 a cell lme which
overexpresses c-Met has very high c-Met levels. Vice versa T47D have high levels

of Her3 while A549 display only low cell surface expression.

Example 8 (Figure 18 and Table below)
Analysis of antibody-mediated receptor internalization in the cancer cell lines
20 A431, A549, and DU145 (measured with flow cytometry assay (FACS))

Incubation of cells with antibodies specifically binding to Her3 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 was
designed to study antibody-induced receptor internalization. For this purpose, cells
25  were incubated for different periods of time (0; 30; 60 and 120 minutes (=0 h, 1/2h,
1h and 2h) with the respective primary antibody at 37°C. Cellular processes were
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 the cell surface. Internalization of the antibody-receptor
30  complex depletes the antibody-receptor complexes on the cell surface and results in
decreased mean fluorescence intensity. Internalization was studied in three
different cell lines (A431, AS549, DUI145). Incubation with Her3 clone29
demonstrates that this antibody induces receptor internalization in A431 and
DU 145 while the effect is less pronounced in A549 which have almost no receptor



To identify cell lines with different ratios of cell surface Her3 and c- Met
a FACSbased assay was perforned. T47D did not show c-Met cell surface
expressi oNp 20w aksses i n accordance with nRNA | evel s i n Phir&Ere@blooionhe (data
not shown). A43 1 and A549 display simlar levels of c-Met while H441, a
cell line which overexpresses c-Met-f@s very high c-Met |evels. Vice versa
T47D have high levels of Her3 while A549 display only |low cell surface
expression. Exanple 8 (Figure 18 and Tabl e bel ow) Anal ysis of
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r ecept or orfe3sured e 18 59 ASe feeniose8 ¢ 'aagrf%%‘ %I thecept or
i nternali Zrﬁbm&pectlﬁc,Aﬁ*Qﬁenﬂ}tﬂfoet:apdreh’eaﬁlbpﬂsbMalﬂﬁBd Yaninfetddlization of c-

Her 3/ c- Met V. di Sp A549 and DU145
and only r‘%%F tcaﬁs}?rgrdn?ﬁ %ﬁ%’fn%%&ﬁgfgt%grég%lb‘g n summr y, the
scFv ant uuuy’ formrat—teads Cln —to—=a& ety rodes cCe -t :r —zation
indicatihg that the bispecific| spEiBaikcanbsod f ?"eﬁ‘gﬁl ti}za{lﬂ 1%3'
nonospec|fic components which puggest&iiaushed!! ta
bi specif{c scFv antibody to bof hnq&g@lgagﬁ@rgppt ar (A CFH‘é‘m. ‘tlﬁ§5)cel I
surface. | Resul t sAatibodhown in figure 18 and the¢ Fabd %anabedy on cell
o/ i surface)
(Iclctiv[ ;:It f)OSrD;C (% internalization of c-Met
et> MabsD5) for <c-Met> Mab5D5)
A) Monospecific <ErbB3 >
parent antibodies
<ErbB3.> Mab 205 60 40
(chimeric)
<ErbB3 > HER3 clone 29 44 54
B) Monospecific <c-Met>
parent antibody
(61(% c-Met (39 (% c-Met
Mab 5D> receptor)) internalization)
C) Bispecific <ErbB3-cMet >
antibodies
MH TvAb 18 101 -1
MH BvAb 20 103 -3
MH TvAb 21 99 1
MH TvAb22 99 1
MH TvAb23 89 11
MH TvAb24 90 10
MH TvAb25 89 11




Table 6: % Internalization of ErbB3 receptor by bispecific Her3/ cMet
anti body as conpared to parent nonospecific HER3 and cMet anti body neasured
wi th FACIVassty11afseer 2h on A43 1 cells. Measurenent % ®CTHEPRBS/00WOBPt or onN
cell surface neasured at Ch is set as 100 % of ErbB3 receptor on cell
surface. (For the nonospecific, bivayent <c-Met> parent anti body Mab 5D5, %
internalization of c- Met is cal cul ated anal ougusly (see indication in
brackets for B) below))Exanple 10 (Figure 19 Apnalyis of antibody-dependent
i nhi bitipn of HGF-nediated i gf 8} gAY facthg: GancerintenalizatiopohbdbBioe
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Tabl e el ow Anal ysis of sequential gnd
si mul t angous HHeamdliMet S3KHeconbj nant H&93, cMet |and Fcgamhhl I | receptlor to
bi specific antibodies To better understand the node of action of bispecific
anti bodies binding to Her3 and c-Met the receptor binding state was
det er m nedgWhble109FRRIER 19§ surface plasnon resonance neasurenments
(Bi acore). rerent_experi nmeptal setups re enpl oyed,to assess binding of
the bi spec‘rv?lzls&ﬂtapsaa%@ewl%nﬁmlﬁ%tmﬁﬁ?ﬁirﬂl%r wigratiepBithent c- Met
ect odomai reapkéYelldineo431 si nul t aneously. Al of the tested bispecific
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HGF-inducible cancer cell line A431 was treated with HGF in the absence or

presence of bispecific antibody or an IgG control antibody and the number of cells

10  migrating through an 8 um pore was measured in a time-dependent manner on an
Acea Real Time cell analyzer using CIM-plates with an impedance readout.
Independently, migration of cells was qualitatively visualized by staining the
migrated cells (data not shown). The example demonstrates dose-dependent
inhibition of HGF-induced cellular migration.

15 Example 11 (Table below)

Analysis of sequential and simultaneous binding of recombinant Her3, cMet

and Fegammalll receptor to bispecific antibodies

To better understand the mode of action of bispecific antibodies binding to Her3
and c-Met the receptor binding state was determined with the help of surface
20  plasmon resonance measurements (Biacore). Different experimental setups were
employed to assess binding of the bispecific antibodies to either recombinant Her3
or recombinant c-Met ectodomain (ECD) or both simultaneously. All of the tested
bispecific antibodies were able to bind to Her3 and c-Met ECD simultaneously.
Furthermore, binding of recombinant Fcgammalll protein to the complex of
25  antibody:Her3:cMet-ECD was determined. All of the antibodies could bind to the



effector functions. Table 7: Exanple 12 fFipure 2(T> Analysis of cell-cel
crosslinking by the bispecific Her3/c-Mt_scFv_SSKH anti body in HT29 cells
Due to twornlwilgsmkency of the bispecific anti body for meRCI/EPe10/062003
crosslinking is a possible node of action which would al so explain reduced

receptor internalization. To study th8s phenonenon in nore detail an
experinmental setup addressing this question was designed. For this purpose
HT29 cells, expressing Her3 and c-Met on their cell surface, were split in

two popul aFdgansnallnecemer Steaiingtie prashnderke2igoth Sc@kipnainshwhich Ipeovidést h PKH67

Lo 8o o AR AL OSBRI RIS o5,

based assagependent sifoetocfupsiionsnki ng of cells would lead to an increase in
t he popul ation of double positive (green+/red+) cellsin the upper right
. Based on this experinment mgplgmrease in cell-cel
coul d be observed under the given settings. Exanple 13 Preparation of

guadr ant

crosslinking

gl ycoeng B Ay Of PRRRS T REotd 3The g gp of
bi specif{cC ﬁé)?g/ C- I\/ifi &nﬁﬁ%‘&x B r%% e, %ﬁii%g§¥ \/I—bﬁ?% 2%1, o g TvAb
30 were $ubcl oned i [itBfaMMA T hn e pressi qn vectors inder the ¢ #p of
the MPSV|promoter ahd &PF®¥Ranf of a synthdtic pol yA §ite, ea:ﬁ? cto
Carryi nglan EBV. Oxi P sequence i Qppr‘i ficlantibodieslwere prod Qg
co-t r ansPdbt BugbHEKPO3- EBMA cel |s wilth t hd manffl i an| bi speci {i cyemti pody
expressi pn vectors psing a cal cfum phosphgt et ransfec{i on appfoach.
Exponent ot oy Ty HERK298= AT S Wre transtefted by {1e T} um
phosphat@ﬁﬁéiﬁghfykar thge%rodu:tiozi%f t He glggoeng neeﬁéd 1ntV%ody t he
cells wefe co-transfected with fwo additidnal plasm§ls, one for a fupkion
GnTII T pNMPEPALRE EXpressd on (f D911 gxpregdion yecter), |angeone| for
mannosi dase |1 exprpssion (a Golgi nannosildase |l expressionjvector)]|at a
rati o of bl 1l —rBspectively—1-Coltls—werd—gowr—as—pdhererttrarelayer
cul t ur es [MH_TvAb23kk usi wes DVEM cul tlw¥ e mddi umiduppl grented i t ¥esL0™ po FCS,
(MH_TvAb24 yes 1,3 1,6 + yes
IMH_TvAb25 yes 1,3 1,2 + yes
MH_TvAb30 yes 1,4 1,3 +++ yes
5
Example 12 (Figure 20)
Analysis of cell-cell crosslinking by the bispecific Her3/c-Met_scFv_SSKH
antibody in HT29 cells
Due to the multivalency of the bispecific antibody format, cell-cell crosslinking is a
10  possible mode of action which would also explain reduced receptor internalization.
To study this phenomenon in more detail an experimental setup addressing this
question was designed. For this purpose HT29 cells, expressing Her3 and c-Met on
their cell surface, were split in two populations. One was stained with PKH26
(SIGMA), the other with PKH67 (Sigma), two membrane dyes the former green
15 the latter red. Stained cells were mixed and incubated with Her3/c-

Met scFv_SSKH. In a flow cytometry based assay extensive crosslinking of cells

would lead to an increase in the population of double positive (green+/red+) cells



and were transfected when they were between 50 and 80 % confluent. For the
transfection of a Tl 50 flask, 15 mllion cells were seeded 24 hours before
transf ectworroiom122ni DMVEM cul t ure nmedi um suppl enent ed RCTIEPEGH 00205 10 %
VIV final), and cells were placed at 37C in an incubator with a 5 % CO2

at nosphere overnight. For each Tl 5079lask to be transfected, a solution of
DNA, CaCl2 and water was prepared by mxing 94 ng total plasm d vector DNA
di vided equal |y between the |ight and heavy chai n expression vectors, water
to a fi nalinvtthhulm)eofrigxﬁsaluadlraatha@w anl tho$ eapérivh@a Gi® isakasei ionceliFeelt hi s

sol ution, c%§s%h§l‘ain§fcoeld%% er 420 ggﬂ%%%sg&l. 5 mM Na2HPO4 sol ution at

pH 7. 05 were |mredaely and left to stand at room
tenperature for 20 sec. The suspension was diluted with 10 mM of DVEM
suppl enentExampled3> 9% FCS, and added to the TI 50 in place of the existing

medi um - ThgRpapstidd M(?&céhﬁ/giﬁeeﬁd SMASFdcHTd Hord/empitwntiarsadded. The cell's

wer e |ncubat ed at 37 Co2 for about 17 to 20 hours t hen nmedi um vvas

I DVEM 10 he t
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i a ant|

bi specific ocusy coengi neere 1es were p by Protein
A affini t)ﬁyomeuﬁnpb'@rawhyacmmt%mylbg an B \6 Rridxeenuenss. chr orrat ogr aphy and a
final size exclusion chromatographic step on a Superdex 200 col um

(Arer sham gRgEaRE hﬂ)bo@{&h@é}gl utcbae bpteﬁft%sfe@nag%mtegmu&em mmmhat e,
125 mM sodi um chl ori de, “éhf%) % éCI ne sol ution ofgﬁf 61 Rg g | ecting
the puile nibfHammalianbispeciic pRRodY CXpEcSTIBY NECtRtSHSUNE: ¢ SEICI REQSPBET nat ed
using a spegisfefbot appioach. f r}z)mohmlaabscgm\amge HEK288-BBMA TdeHls were

ol i gosacchar a ta hed o th ft ti nal ysed
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enzymat i caglyqomgimagédamtrhﬂ&iw ke aoells bwdnees;OﬁgﬁnFikBQéerthl gestadgitional t h t he
anti bodi 35%95% {38, gﬁe{ ffa Nﬁ@@n’ﬂﬁﬁno@ﬂ)e@h&’é@f pra®IH fNGALII Bxpebdibh on. The

resul ting ggst sol ution containi rel eased oli osaccharldes ei t her
preparléd  dveck),|apd ope fapnepnosidase/d eéHEHSVQP a Gl gllé%amﬁ?lfih%’r GERESY¥Y with

EndoH vector) at a ratio of 4:4:1:1, respectively. Cells were grown as adherent monolayer
cultures in T flasks using DMEM culture medium supplemented with 10 % FCS,
and were transfected when they were between 50 and 80 % confluent. For the
transfection of a T150 flask, 15 million cells were seeded 24 hours before

20 transfection in 25 ml DMEM culture medium supplemented with FCS (at 10 %
V/V final), and cells were placed at 37°C in an incubator with a 5% CO2
atmosphere overnight. For each T150 flask to be transfected, a solution of DNA,
CaCl2 and water was prepared by mixing 94 pg total plasmid vector DNA divided
equally between the light and heavy chain expression vectors, water to a final

25  volume of 469 pl and 469 pul of a 1M CaCl2 solution. To this solution, 938 pl of a
50 mM HEPES, 280 mM NaCl, 1.5 mM Na2HPO4 solution at pH 7.05 were
added, mixed immediately for 10 sec and left to stand at room temperature for 20
sec. The suspension was diluted with 10 ml of DMEM supplemented with 2 %
FCS, and added to the T150 in place of the existing medium. Then additional 13 ml

30 of transfection medium were added. The cells were incubated at 37°C, 5 % CO2
for about 17 to 20 hours, then medium was replaced with 25 ml DMEM, 10 %
FCS. The conditioned culture medium was harvested 7 days post-transfection by
centrifugation for 15 min at 210 x g, the solution was sterile filtered (0.22 pm



gl ycosi dase prior to sanple preparation for MALD / TOF- M5 anal ysis. Exanple
14 Anal ysis of glycostructure of bispecific Her3/c-Mt antibodies For

det er m nawpPan10of1535Re rel ati ve rati os of fucose- and nonPCuGERIE00620DRicOSE)
cont ai ni ng ol i gosacchari de structures, released glycans of purified

anti body material are analyzed by MAR®I- Tof-mass spectronetry. For this,
the anti body sanple (about 50ng) is incubated over night at 37C with 5nU
N-d ycosi dase F (Prozyne# GKE-5010B) in 0.1M sodi um phosphate buffer, pH
6.0, in orfilesr) hrad soeliven aeide e adinahoswentiaiondd 0fQ10Yh wivew gy asided ranidadeskbone.
Subsequentit;agct he glycan structures rel eased are isolated and desalted

usi ng NuTi p-Carbon pipet tips (obtained fromdygen: NuTipl-10 m,

Cat. Nr#NT 1 CAR). As a first step, the NuTi p-Carbon pipet tips, are prepared
for bi ndi nfhesecrated bispegifia@forasylated ycogpsinesred apabadics wers parifiag RaoH

fol | oved byogGh ML aflidity WedBAtopRipHy, tdb®ed 8 Qfibn Gkadagt cBfonRakGtphy 4218)
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r espectli veil¥oPy ?%n%‘z%reéc\“é‘é’&egl%Bma@&r 1% (§gapofmtq1§ru@ﬁf‘%ﬁa @Brcgw mat eri al
i n the NuT{AIméestidn® Rhiiniiia) tek phangthgthe beffer tbi2Sanhpatassivih phosphats 123 he

gl ycan structures corre [ 0.1l ant | r t mat eri al
in the NuT?ly- E%(ﬁgrgnc%?lbdze?qp ﬁp‘%%b%}y‘ﬁﬂgsfgﬁagﬁﬁkgg‘g&&ga&ﬁ %ﬁg&ﬂ?—g&ﬂ ﬁcdggel dase F
di gest desmpn@reeriadg@d fantibodics. f Anbadymeenceliratiqy ywasnsstioaied vuing he

material | E‘@%Mdgdxﬁét BALOLRBtbantP i Mgshed with 20 nL pure water in
the way as ‘described above and are eluted stepwise with 0.5 nL 10 % and 2.0

T 20 Comitri . . . : .
re 1110 oqThnoiscsaesadroRBEhhiade 6 Tapm 4R o HRIteH g R ATHR Pour 1o
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el uates are comnpi . JFor .this neasur. nt, 0 f..the conbi el uat es
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(2. 5- Di hydamsibplies deing eithet/ igarhtylibzreody of-a REDHomghbmarsi or & isolufign.ukbe
Dal t oni cs | . | 0. e : nd
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The spect r gyehidis@BHoPloRafipid prapadtily for AL DB GIBY siagyssof t war e ( Br uker
Dal t oni cs) and nasses are determ ned for the each of the peaks detected.
Example 14
Analysis of glycostructure of bispecific Her3/c-Met antibodies

For determination of the relative ratios of fucose- and non-fucose (a-fucose)

20  containing oligosaccharide structures, released glycans of purified antibody
material are analyzed by MALDI-Tof-mass spectrometry. For this, the antibody
sample (about 50pg) is incubated over night at 37°C with SmU N-Glycosidase F
(Prozyme# GKE-5010B) in 0.1M sodium phosphate buffer, pH 6.0, in order to
release the oligosaccharide from the protein backbone. Subsequently, the glycan

25  structures released are isolated and desalted using NuTip-Carbon pipet tips
(obtained from Glygen: NuTipl-10 ul, Cat Ni#NT1CAR). As a first step, the
NuTip-Carbon pipet tips are prepared for binding of the oligosaccharides by
washing them with 3 pL 1M NaOH followed by 20 pL pure water (e.g. HPLC-
gradient grade from Baker, # 4218), 3 uL 30 % v/v acetic acid and again 20 pl pure

30 water. For this, the respective solutions are loaded onto the top of the
chromatography material in the NuTip-Carbon pipet tip and pressed through it.
Afterwards, the glycan structures corresponding to 10 pg antibody are bound to the
material in the NuTip-Carbon pipet tips by pulling up and down the N-Glycosidase

- F digest described above four to five times. The glycans bound to the material in



Subsequently, the peaks are assigned to fucose or a-fucose (non-fucose)

containing glycol structures by conparing the nasses cal cul ated and the

masses t woretwiaadsty expected for the respective struct REEEPLEIHO206DNPI eX,

hybri de and ol i go-or hi ghmannose, respectively, with and w thout fucose).

For determ nation of the ratio of hy®ride structures, the antibody sanple

are digested with N-d ycosi dase F and Endo-d ycosi dase H

conconm tant| yNgl ycosi dase F rel eases all N-1inked glycan structures

f) corkrEI ex, thymlmp CGurbloro Ipipgo aipd atei g'hshwnwﬁhé(lsuLup\umrwst)ar fim dhe Ay ¥ ot ei n

ackbone S I | cans
ﬁlat | BIRR o GS LR Ebelseavitl 5 1yl e v do Lypso ol y

addltlonal esl| due at t ere UCI n end of the
gl ycan. Tmogtomtg&respgctsv@bs elrethis| sjem; teeaelaton prlutions) aye ddledyn R PMITof mass
SGoe - Lol VA AT M, St s O e

a om t he i gest
and thé ¢ |M&¥1N¥E‘P§/dﬁg$dé %Ct‘i@“} S d OtBI 8!‘6‘5’& arg h‘ép Ae %gf E‘éﬁjugt i on
of | t P_e si gﬂadsarstaﬁerg gi%pgm dfithe gonbinesd tludes areemixedunete MAEBI tarpdtevitthe
relative c Q e stru turf tﬁd ¥ QtH agh
gl ycostruc 0| fs?lél rt‘hz Pli Xrogy%%nz ng?
i ndi vi dual MgthpagberzbicuctdifBrukerdDalimmics#A098 1 3] riissobed lhép%@ﬁlﬁl/ﬁnl\’[ gl yco
SLTUCt uT SN 508 GflymhNhddANREd Wid] y%@ﬁa?ou( turldd BRRECONEARS POFTOF

f ucose- contai ni ng a ted yco structures identified in
the N1@ ycl@gfmra@é Iﬂqllltléélb’ecﬁos%ﬂpplsb(’t("earﬁ feé%‘iﬁ*ﬁﬂe@@ BYBES P dAP SIMEH- and
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Qse structures.r to a tures

i dent i fi edBriker alf@nﬁsséﬁé RN arfetdF gfﬁ&e cach of tth%%Fe‘f? E)g/jbrl de and
g! i go- ?Ddsllil_lggg?dﬂiﬁymhswsksrajehmmd toésqm¢ oEadugise (ddn-fuvose) contahldBL of

i speci fic_Her3/c-Met .anti s
nccor di ng Eyeqees RIS Mo btk B RRChpdcts MRblARINE
expr eski ngexpetted rfoc ¢t mssectR@oHMﬁmm(% reOmplex. | h)fbﬂslﬁ rasdg@ligosefphight s t he
rational e &Ey&%aﬂbagp%itﬂgn&G@tﬁ@uﬂﬂ&és’épd' es as a prolonged exposure of

t he antlbg y-receptor lex on the cell surface is nore likely to be
recogni zed_by Nk cells. ntguced internalization a C i neering
transl ate F9ft geterpiaateny o hf HaHy eg F“&Céﬁ"es’cgieog‘btihog?'t %ntpif)@@ in
conpar i Sondi%@stéch ewftlar §hGlycosidase F and Endo-Glycosidase H concommitantlyN-
glycosidase F releases all N-linked glycan structures (complex, hybride and oligo-
20  and high mannose structures) from the protein backbone and the Endo-Glycosidase

H cleaves all the hybride type glycans additionally between the two GlcNAc-
residue at the reducing end of the glycan. This digest is subsequently treated and
analysed by MALDI-Tof mass spectrometry in the same way as described above
for the N-Glycosidase F digested sample. By comparing the pattern from the N-
25  Glycosidase F digest and the combined N-glycosidase F / Endo H digest, the
dégree of reduction of the signals of a specific glyco structure is used to estimate

the relative content of hybride structures.

The relative amount of each glycostructure is calculated from the ratio of the peak

height of an individual glycol structure and the sum of the peak heights of all glyco
30  structures detected. The amount of fucose is the percentage of fucose-containing

structures related to all glycd structures identified in the N-Glycosidase F treated

sample (e.g. complex, hybride and oligo- and high-mannose structures, resp.). The

amount of afucosylation is the percentage of fucose-lacking structures related to all

glyco structures identified in the N-Glycosidase F treated sample (e.g. complex,
35  hybride and oligo- and high-mannose structures, resp.).



antibodies. An in vitro experinental setup to denonstrate these effects can
be designed using cancer cells which express both Her3 and cMet, on the
cel | surfwoeroael1§52A431, and effector cells like a Nk c@CI/HPR#I6/002005BMCsS .
Tunmor cells are preincubated with the parent nonospecific antibodies or the
bi specific antibodies for up to 24 hgfollowed by the addition of the
effector cell line. Cell lysis is quantified and allows discrimnation of
nono- and bi specific antibodies. The target cells, like A43 1 (cultivation
in RPM 1640xamplertd L- d utam ne + 10 % FCS ) (expressing both Her3 and cMet)

were col | %t\ﬁpro"}iﬁﬁﬁéﬁggé%é%:f{gﬁg&dtfib%ﬁ?ego' 054) in exponential growth

phase. After a was ecking cell nunber and viability the

al i quot needed was | abeled for 30 min at 37Cin the cell incubator with
cal cei n (I'Thd HeddgeMetrbispemfipantibediey ageeeding 4o dhe inyention dsplay radvedd for 5
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accordi ng ,to the ufacturer' rotocol (washin | x. at 40
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the cell ranhieredadfibedyedependd call oytatoxidi@OADEE) i@enzommriasi)rn@d_h@ aagat cell s
ver e Pl at ebBaiCURA OB GRrNRhlal REAbER: dafitsudlld eed cpatishagybaas added
and 50m etfector cells. I'n sone experifrents the target cells were m xed
wi t h Rédi rssigned psing cencgarelly whish sapiepnbgth dlerd and abehondbe 6¢1l s¢rfacs. g/ i
(F;gd::rr}l?e- &8 ,fmt, ra?h sef%efo}/?al% fiRe ﬁﬁflflbéiﬂﬁ?élﬁr th’BM?f,sb(tghﬁ)& @bmfmwe- -
-cul-turing targe effector cells out gnt.i.body. and.,t he nmaxi ma
lysis, det‘@g‘maﬁ‘é‘dwﬁyt QPFFPYL ’6‘8“9@66‘@%’%0&’5 Ph elflsl%f’@?/ﬁcsargmog!“%ﬁ% pl ate
\IQ@ISI i ncub?i;e(d) ple) | fdlldlwlmdlrlg/ the additionrofahdefifiectorf deldinee Cell ilysisitsauantifiddhe
illing of target cells ) ess > i.hg: I.DH rel ease from damaged
dtaalgw d[?soc mmz\ily?otn 0 ?Iiso- %gd Bi’éﬂ;@ﬁ&? %sz%xe%s 9

cells usi nad' OXICIty ection ection Kit, Roche # 1
644 793) according to the manufacturer's instruction. Briefly, 100 m

super ndt anfhef tacget eeltshlilie A3 hdenltyation iRiRIMHEOGA0 M2 s drshttemmesi @ fe kit in
a transparged ) {(d:dhestRtitom BerIgld cMbgt Rere HoRedBBvithatem/ PO TANGBepSt rat e’ s
col our reaction was .determned in . :

# 25300-054) in exponential growth phase. After a washing step and checking cell

number and viability the aliquot needed was labeled for 30 min at 37°C in the cell

incubator with calcein (Invitrogen #C3100MP; 1 vial was resuspended in 50 pl

20 DMSO for 5 Mio cells in 5 ml medium). Afterwards, the cells were washed three
times with AIM-V medium, the cell number and viability was checked and the cell

number adjusted to 0.3 Mio/ml.

Meanwhile, PBMC as effector cells were prepared by density gradient
centrifugation (Histopaque-1077, Sigma # H8889) according to the manufacturer’s

25  protocol (washing steps 1x at 400g and 2x at 350g 10 min each). The cell number
and viability was checked and the cell number adjusted to 15 Mio/ml.

100pl calcein-stained target cells were plated in round-bottom 96-well plates, 50pul

diluted antibody was added and 50pl effector cells. In some experiments the target

cells were mixed with Redimune ® NF Liquid (ZLB Behring) at a concentration of
30 10 mg/ml Redimune.

As controls served the spontaneous lysis, determined by co-culturing target and

effector cells without antibody and the maximal lysis, determined by 1 % Triton X-



an ELI SA reader at 490 nmfor at |least 10 mn. Percentage of specific

anti bodynedi ated killing was calculated as follows: ((A - SR)/(M -

SR) x| 00, WPReP®W/1A5358 t he mean of Vmax at a specific anti BO@AEPZONO®EWOF at i on,
SR is the nean of Vmax of the spontaneous release and MR is the nean of
Vmax of the maxi mal rel ease. Exanplegd6 In vivo efficacy of bispecific Her3
/ cMet antibodies in a subcutaneous xenograft nodel with an autocrine HGF

| oop A subcout aneous U87MG gl i obl ast oma nodel has an autocrine HG- | oop and
di spl ays H&03lysiscbfctatdet celis ofilg. Tht IplaendaciacutBedidhfor ek bpiroras 34F€ in a
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o aneo 1 ovelPblaO R stk vALeS BP e’ Syehe A Sead By I SERARIL L
ant i bodi esani BLES 4 ndadat atnéusmxfon agydeakt 10mmaiel Perceritage plaspeifionantiiélyl oop A
subcout an . i1hi Wikh ce I M.cks
par acri nquﬁ?@glﬁ ?gﬁg %gghl%" ggag%ga hs‘%i\g(é 3%2%\?&5&%??\1/&61’ glslg\ﬁe‘??s as Her3
on t hdOcelthe span € ¥ mapad@-specifig aptibady oareniraips, Mhishaimess of yaeex ef andar d

cel I cul t ype sgaslicbhiPRfeabdatdWIR RARE ehibE VEaQ W thdRasithal BIEGe3 and Mc-5
cells are injected in a 10:1 ratio with ten mllion BxPc-3 cells and one

mllion Ml‘ﬁ_S' &lil s areengrafted to SCID beige mce. Treatnent starts
after tu tabl i shed and have reached a size of 100-150 mmB. M ce
are treat dah vivé bffcatyafibispedific Heo3 / 2Metghtibodiks sna sudmayarieomsuse and t hen

once vveekl’y Yy'g;;ﬁt;nq)dgp{vhg aglf%lﬁg&iipg@ch use. Tunor volune is neasured
nd anl na

twice a wee wel ghts are nonitored in parallel. Single

treatnents and conbi nati on of the single antibodies are
15 A subcoutaneous U887MG glioblastoma model has an autocrine HGF loop and

displays Her3 and c-Met on the cell surface. Both receptors are phosphorylated in
tumor explants which were lysed and subjected to immunoblot analysis (data not
shown). U87MG cells are maintained under standard cell culture conditions in the
logarithmic growth phase. Ten million cells are engrafted to SCID beige mice.
20  Treatment starts after tumors are established and have reached a size of 100-150
mm3. Mice are treated with a loading 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 compared to the therapy with bispecific
25  antibody.

Example 17
In vivo efficacy of bispecific Her3 / cMet antibodies in a subcutaneous

xenograft model with a paracrine HGF loop

A subcoutaneous BxPc-3 model, coinjected with Mrc-5 cells, mimicks a paracrine
30 activation loop for c-Met. BxPc-3 express c-Met as well as Her3 on the cell
surface. BxPc-3 and Mrc-5 cells are maintained under standard cell culture
conditions in the logarithmic growth phase. BxPc-3 and Mrc-5 cells are injected in

a 10:1 ratio with ten million BxPc-3 cells and one million Mrc-5. Cells are



conpared to the therapy with bispecific antibody. Exanple 18 In vivo
efficacy of bispecific Her3 / cMet antibodies in a subcutaneous xenograft
nodel w tWoO20parsssei ne HG- | oop | nmunoconpronm sed m ce PCAEPYENI00200Dr hunman
HGF serve as a source for system c HG-. Such m ce have been described in
the literature and can be obtai ned fgpm the Van Andel Institute.

Subcut aneous i njection of cancer cell lines, such as BxPc-3 or Ab549,
expressing both receptors on the cell surface can be used to study efficacy
of bi specie‘n'gfaf&ﬁttblﬁrdlil)abeitgang'&bi Tigpatreer® startd aftevitimotSehresestablishali andai ned

under standard cel h T
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parall el . eginqgl}@i tbrtﬁ@ﬂigf@yamqnﬂlswm arafboay. of the single antibodies are
conpared to the therapy wth bispecific ant| body. Exanple 19 In vivo

efficacy i bi Sﬁ;@lflc Her3 / cMet antibodies in an orthotopic xenograft
nodel wt I ne HGF | oop A549 cancer cells express Her3 as well as

c- Met on tlmevieelkfficaoy bﬁbispeoiﬁdgle@:éVhMeaaatihwiini in meubauiareoust andar d cel |
culture CO’{LQ]I glaqg Jddd1 Whf 4 943 1hQ?ﬁ(§F%@’"‘ h phase. Ten mllion cells are
ta

engrafted e| ge mc reat nent rts after tunors are established
and have reached a size of 100 150 mB, Mce are treated with a | oading
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15  under standard cell culture conditions in the logarithmic growth phase. Ten million
cells are engrafted to SCID beige mice carrying the transgene for HGF. Treatment
starts after tumors are established and have reached a size of 100-150 mm3. Mice
are treated with a loading 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
20 week and animal weights are monitored in parallel. Single treatments and
combination of the single antibodies are compared to the therapy with bispecific

antibody.

Example 19
In vivo efficacy of bispecific Her3 / cMet antibodies in an orthotopic xenograft

25 model with a paracrine HGF loop

A549 cancer cells express Her3 as well as c-Met on the cell surface. A549 cells are
maintained under standard cell culture conditions in the logarithmic growth phase.
Ten million cells are engrafted to SCID beige mice. Treatment starts after tumors
are established and have reached a size of 100-150 mm3. Mice are treated with a
30 loading 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 compared to the therapy with bispecific antibody.



ErbB-3 and a second antigen-binding site that specifically binds to human
c- Met, characterized in that said bispecific antibody shows an

i nt ernal iwatzomn16§52Er bB-3 of no nore than 15 % when nea®ordag2@bioe2002 hour s
ina flowcytonetry assay on A43 1 cells, as conpared to internalization of
ErbB-3 in the absence of antibody. 2g5The antibody according to claim1l
characterized in being a bivalent or trivalent, bispecific antibody
specifically binding to human ErbB-3 and human c- Met conprising one or two
antigen-binding site that specifiPBatenyChingd t o human ErbB-3 and one
antigen-binding site that specifically binds to human c-Met. 3. The

ti bod ' '
b1 spec 11 o antrEomyediscaftisdud POAREALTEERE GhBRCEND A iR o
conpri si ng t woMahtomprsing ﬁdirntgarﬁlgeeé)mdmg sidsp that spesaficallydhinds toohdsfan Er bB- 3

and a third angiged,pi QQE&ﬂldsdnh%eﬁ Bﬁ{dlr%oﬁ&'tﬁh b&mcawgﬁmmh&&mcc Met. 4.
The anti body according to claiml characteri ﬁ bei ng %eﬁl val en
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and a second anti gen-bi ndi ng at s ecificall i nds t nan c- Met.
5. A bi speci fl‘i:yt%fﬁ?%ﬁ yé’Beéi{t]l Eﬂf Sp 5 B‘? BTRY 9 Hltﬁ‘éﬁﬁﬁanﬁpbﬁgandlrﬁumn c-
Met conpri si ngtha absens¢ ofamttibgdn- bi ndi ng site that specifically binds to
human ErbB-3 and a second antigen-binding site that specifically binds to

human c- t, S n ite
conpri ses I\?n tﬁﬁ@ gg%/@ycﬁ%ﬁdlg tB lfifn) logg?ﬁ&_bﬁ%mﬁﬂtblﬁg% ggdlg?hlg%msl D NOG

53, a IDR2H r elgivalsnb i biseol lqaannbomsp%lﬁpaélycmﬂmgrggmﬁlaaf Edpi3) EKNO 55,
and in the |i gifm#DaiMetVédmh gwl@g dRERr Nwd &Hg’éh—bﬁxﬁﬂh @1t@ftha$|fs@edzlﬂcm 56 a

CDR2L region of SEQ LD NGO and 8 COR Loreal on tﬁ@ﬂfpsgﬁaw\%?% é°

CDRI L region oPnGEN1p
conprises in tihendeaMetchai n vari abl edomain a CDR3H regi on of SEQ I D NO
66, a CDR2H region of, SEQID NO 67, and a CDRIH region of SEQ ID NO 68,
and in the3. The antibody according to claim 1 characterized in being a trivalent,
15 bispecific antibody specifically binding to human ErbB-3 and human c-Met
comprising two antigen-binding sites that specifically bind to human ErbB-3

and a third antigen-binding site that specifically binds to human c-Met.

4. The antibody according to claim 1 characterized in being a bivalent,
bispecific antibody specifically binding to human ErbB-3 and human c-Met
20 comprising one antigen-binding site that specifically bind to human ErbB-3

and a second antigen-binding site that specifically binds to human c-Met.

5. A bispecific antibody specifically binding to human ErbB-3 and human c-
Met comprising a first antigen-binding site that specifically binds to human
ErbB-3 and a second antigen-binding site that specifically binds to human c-
25 Met, characterized in that

i) said first antigen-binding site comprises in the heavy chain variable
domain a CDR3H region of SEQ ID NO: 53, a CDR2H region of
SEQ ID NO: 54, and a CDR1H region of SEQ ID NO:55, and in the
light chain variable domain a CDR3L region of SEQ ID NO: 56, a
30 CDR2L region of SEQ ID NO:57, and a CDR1L region of SEQ ID
NO:58 or a CDRIL region of SEQ ID NO:59; and
said second antigen-binding site comprises in the heavy chain variable



| ight chain variable domain a CDR3L region of SEQ ID NO 69, a CDR2L region
of SEQID NG 70, and a CORIL region of SEQID NO 71. ii) said first

ant i gen- bwoadorgiisiske conpri ses in the heavy chai n vari alpCe/Epermion20as COR3H
region of SEQID NO 60, a CDR2H region of SEQ ID NGO 61, and a COR H
region of SEQ ID NGO 62, and in the Lgght chain variable domain a CDR3L
region of SEQ ID NO 63, a CDR2L region of SEQ ID NO 64, and a CDRl L
region of SEQ ID NGO 65 or a CDRIL region of SEQ ID NO 66; and said second
ant i gen- bi ndi ng si t domainarGBR3Hiregibhef REQP Niabo, asGDRU egobmnkj n a CDR3H

regi on of SEQ I N3 Ap BoCPRAHSOhRMIExioTERED AP b Afinan DR

region of SEQ ID and iI’n th aln v omai n a CDR3L

region of SEQ ID NJighs ghaia verrble dpe@iromC&R3$EQg109qﬂ@EQiﬁD NN P9aa CDRI L

regi on of SEQ I'D NQpRby g om%s@qm?wd 79, a4 @WL%?%%@@QH)C' aim 5,
e

characterized in that i) said first antigen-binding si conprises as heavy
chain Variabl e domalNR: 3 ID NO 47, and as |light chain variable domain SEQ
I D NO 48, and said second anti gen- bi ndi ng site conprises as heavy chain
vari abl e donui i) SEQathﬁPdOantiEgenaﬁddlag sité ghrhipriddeaiimthedichaptieninl oamabie a SEQ | D

NO 4; ii) said fir tant| se ain

vari abl e domain SE &283 EE&W% P\ vglr)?t;%rle%lﬁ ct?n SEQ I D
NO 50, and said se%EQdDaMOr gbrandlar@lDRgHsrﬁglenoﬁﬁﬁQ EeN0s62, laed iy thehai n
variabl e domai n SquchhQn vﬁnaae%o dwbtmfm% nﬁrsmgim@r@' R aSEQID

NO 4; iii) said first antigen-b Site conprises

eavy chain
vari abl® domai n SE(?DWIKI@GMQO §ﬁ@¥% Q:grhtand G IAR Vg region éf%édpn SEQ I D
NO 51, and said segosk @rﬁgg@nmg@hmswﬂ)mmmlams as heavy chain

variable domain SE%auP second antlgendblraxl(?mg sgeh E:orggr?slers] i’ ﬁlelhaeg\l/ye clga?r?gélr?ab e SEQ 1D
domain a CDR3H region of SEQ ID NO: 66, a CDR2H region of,
SEQ ID NO: 67, and a CDR1H region of SEQ ID NO: 68, and in the
15 light chain variable domain a CDR3L region of SEQ ID NO: 69, a
CDR2L region of SEQ ID NO: 70, and a CDR1L region of SEQ ID
NO: 71.

6.  The bispecific antibody according to claim 5, characterized in that

i) said first antigen-binding site comprises as heavy chain variable domain
20 SEQ ID NO: 47, and as light chain variable domain SEQ ID NO: 48, and
said second antigen-binding site comprises as heavy chain variable
domain SEQ ID NO: 3, and as light chain variable domain a SEQ ID
NO: 4;

ii) said first antigen-binding site comprises as heavy chain variable domain
25 SEQ ID NO: 49, and as light chain variable domain SEQ ID NO: 50, and
said second antigen-binding site comprises as heavy chain variable
domain SEQ ID NO: 3, and as light chain variable domain a SEQ ID
NO: 4,

iii) said first antigen-binding site comprises as heavy chain variable domain
30 SEQ ID NO: 49, and as light chain variable domain SEQ ID NO: 51, and
said second antigen-binding site comprises as heavy chain variable
domain SEQ ID NO: 3, and as light chain variable domain a SEQ ID
NO: 4;



NO 4;iv) said first antigen-binding site conprises as heavy chain variabl e
domain SEQ ID NO. 49, and as |light chain variable domain SEQ ID NO 52, and
sai d secowd 2arilg®n- bi ndi ng site conprises as heavy chaPoTERRé1QOIBOZIONAI N
SEQ ID NO 3, and as light chain variable domain a SEQ ID NO 4; or v) said
first antigen-binding site conprisesgas heavy chain variable domain SEQ ID
NGO 1, and as light chain variable domain SEQ ID NO 2, and said second
antigen-binding site conprises as heavy chain variable domain SEQ ID NO 3,
and as |ight chaisaidvarst aftigendanding she Siptis2sNS hedvy ¢haiil lverilihle deoiain ¢

anti body accordi i haracteri z ' | .

anti gen- bi ndi ng rsg%(gﬁ%g\}r@rpsggd éssﬁﬁ@acégmcﬁaggﬁie\r}igﬁhg%Fgejd@)n%]:dh%g[igq D NO

49, and as |ight seldaisecondr ardigen-banding reitSEPMPIiNG as5 heavanghaiai vargabtond

ant i gen-bi ndi ng . t.&; [ a KAk b donRi D NO 3,
and as |ight chaisdr?hgdgr??gg gﬁgi%?hgg&“é%ggp%h%%@%bag%%ﬁelbiag)ggﬂpi C

anti body accordi ﬁ‘éot‘b' ®laiml to 7, characterized in conprising a constant

region of 1gd or 1gG3 subclass. 9. The bispecific antibody according to
claiml to 8, ¢haariClist adte@nibindihgisits @3bMpfisdsi d3dbyvy sShajh wadshik aoadimi th a

sugar chain at reb he.. nt of . fucose Wl 0 ,S r chain
is 65 %or | owerA.ngfgzDﬁGﬁua é?df:asakglgo CEWB‘OW Pea&)%P%IBeStcER? irhgslg{r?t iznggg
according to cl aisaidl stwn@. aritigenAipding nbtee odrnpades caambeayt ichaincvanmblsi ng a

bi specific antib 03cLal uF i; A Vidabe @M-mc%i g3l
conposi tion accordi nﬁﬁt%g Flglq\lrrég ilhﬁ%gtﬁg{ ?trlerét ment of cancer. *13. A
bi specli®ic anti bd¥:%ccording to claims 1 to 9 for the treatnent of cancer.

14. Use of a bispecific antibody according to clains 1 to 9 for the

manuf act urg of Tige BEsHcHRI@Itboll P acdofing k@i 8] ctafact@i¥e@in iat A met hod of
treatnment of patient suffering fromcancer by adm nistering a bispecific

antibody accordi nsgidt frst lar?tllgrgrsl-b%n&igg 9sitg %or%ptplgé[sl a%rﬁeav{'] cﬁzﬁg Vana e%fomsaliJﬁ: h

SEQ ID NO: 49, and as light chain variable domain SEQ ID NO: 51, and
said second antigen-binding site comprises as heavy chain variable

15 domain SEQ ID NO: 3, and as light chain variable domain a SEQ ID
NO: 4.

8. The bispecific antibody according to claim 1 to 7, characterized in

comprising a constant region of IgG1 or IgG3 subclass.

9.  The bispecific antibody according to claim 1 to 8, characterized in that said
20 antibody is glycosylated with a sugar chain at Asn297 whereby the amount of

fucose within said sugar chain is 65 % or lower.
10. A nucleic acid encoding a bispecific antibody according to claim 1 to 9.

11. A pharmaceutical composition comprising a bispecific antibody according to

claims 1 to 9.

25 12. A pharmaceutical composition according to claims 11 for the treatment of

cancer.
13. A bispecific antibody according to claims 1 to 9 for the treatment of cancer.

14. Use of a bispecific antibody according to claims 1 to 9 for the manufacture of

a medicament for the treatment of cancer.



treat nent.
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15. A method of treatment of patient suffering from cancer by administering a

bispecific antibody according to claims 1 to 9 to a patient in the need of such

treatment.



