Bi specific, tetraval ent antigen binding proteins The present invention
relates to bispecific, tetraval ent antigen binding proteins, nethods for

t hei r prosoQbiopns7ophar maceut i cal conpositions cont ai ni ngcsairdo@ntiseedi es,
and uses thereof Background of the Invention 5Engi neered proteins, such as
bi- or nultispecific antibodies capable of binding two or nore antigens are
known in the art. Such multispecific binding proteins can be generated

usi ng cell fusion, chem cal conjugation, or reconbinant DNA techni ques. A
wi de variety of reconbinant nultispecific antibody formats have been

devel oped 10 in the recent past, e.g. tetraval ent bispecific antibodies by
fusion of, e.g. an 1gG anti haody fornat and singl.e chain domains (see e.g.
Col oma, MJ., et. al., G‘Elﬁcéietﬁaéé !"i%“%ei'g‘é‘%"%"i%g? WO 2001/ 077342;
and Morrison, S.L., Nature Biotech. 25 (2007) 1233-1234. Al so several other
new f or mat s Thieepresemt tilgendéinh i relaths twobispexifie) cttwavaldnit pstigéry Dindigd=prdt€ink,gG or
lgM is no | s i ped .as di a- i od| - nihodi es,
several si né’l? égg(g Saifﬁ} ?t i&%?mf’iold%g% v, gléi?r?ag%@\/c? r é\%ﬁ%}%oﬁﬁ%?lg g%‘g%‘ﬁ?“«? g? ilabi ndi ng
two or nore aafibodjesaend hspsdhereetn devel oped (Hol liger, P., et. al, Nature

Bi otech 23 (2005) 1126-1136; Fischer, N., and Leger, 0., Pathobiology 74
(2007) 3- 14;Bohefountt of Bk In®éntion)- | mMunol . Met hods 318 (2007) 65-74; Wi,
C., et al., ure Biotech. (2007) 1290-1297). Al such formats use
linkers either.to fuse the anti hody core (LgA I | gE,, .| or,. | to a
Furthes bi ndEReBgaEr i pesth as iyt Btipe H antiles cfanie b Piigedies o
scFv (Fi scher md¥e antigehslaeg&nowi.in tikasdhdhichl moglyispetifiZbiddingdprawjns ddhitee it i s
obvi ous that_|inker ve,_ad g the.. i.neer.i ni spacifi ¢
anti bodi es, g[eh‘!:erf}&?ra;’ s% a go@%@e%gg%g‘{alens ljﬁé]dtgiﬁ{e}’r a%ﬂetr]r? ?Oghélg%rtﬁi %@L‘

| ndeed, thedechhtpues.gn peptides might elicit an i nmune response against the
linker itself or the junction between the protein and the |inker. Further

nor te th te f IAelw'i&l Parledy Mlﬁc&?bfn:aiﬁt&ﬁrn@gédiﬁ@?nmhy%mt | bemgr&eﬂt@ agﬂlsfg;%da
proteolytic .cleavage,” potentia adi ng. to _poqr antj body stability,
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30ret ai n ef faatibaty format had Singkuchuimdomans (sanpiedelima] idndenil., dydtoteoxi ci ty
(CDC) or -2,.anti body n e OXJ] Ci QAPCC i are
medi at ed thr%olﬁtgeﬁh't ﬁg @Bgrfﬁt}&fmw]@g?@&/ﬁ?%&m%@ e%réen’o?l‘s‘%%grrei ty to

natural | y odbotech.2§ 3007)033Bel234. Thus ideal ly, one should aim at
devel opi ng bispecific antibodies that are very simlar in general structure

to natural | Y198 6dVcfdl BeheRREWIBHhAS whiehdii tHeOMtibb@Peork Sfuctlre @EA OfgD, 9pk, Wi t h

m ni mal devi ation from human sequenges. . . . o
15 IgG or IgM) 1s no longer retained such as dia-, tria- or tetrabodies, minibodies,

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

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

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

al., J. Immunol. Methods 318 (2007) 65-74; Wu, C., et al., Nature Biotech. 25
20 (2007) 1290-1297).

All such formats use linkers either to fuse the antibody core (IgA, IgD, IgE, IgG or
IgM) to a further binding protein (e.g. scFv) or to fuse e.g. two Fab fragments or
scFv (Fischer, N., and Léger, O., Pathobiology 74 (2007) 3-14). While it is obvious
that linkers have advantages for the engineering of bispecific antibodies, they may
25 also cause problems in therapeutic settings. Indeed, these foreign peptides might
elicit an immune response against the linker itself or the junction between the
protein and the linker. Further more, the flexible nature of these peptides makes
them more prone to proteolytic cleavage, potentially leading to poor antibody
stability, aggregation and increased immunogenicity. In addition one may want to

30 retain effector functions, such as e.g. complement-dependent cytotoxicity (CDC) or



I n one approach bispecific antibodies that are very simlar to natural
anti bodi es have been produced using the quadroma technol ogy (see M stein,
C., and Guel2bmy/14899€. , Nature 305 (1983) 537-540) based eOTIHPR01DO0GHE C
fusion of two different hybridoma cell |ines expressing murine nonocl onal
antibodies with the desired 10 specifiLgiities of the bispecific antibody.
Because of the random pairing of two different antibody heavy and |i ght
chains within the resulting hybrid-hybridoma (or quadroma) cell line, up to
ten differ erahnl&miyi ctupdiydalpeelhﬂm @netogfenyr(amcpivmm ark noedliated theough thiee
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An approach to circunvent. the tl&pra m spai red byproducts which is

known as ' kAgBor gl v raigimal BYRAED S4AUEREEST i ng of two different
anti body heavy 20 chains by introducing nutations into the CH3 donmains to
modi fy the Qﬁ)ﬁinaczipp'l‘d’hbﬁl‘tﬁmel,ﬁc&nttbbéleé hhatrarb wleky sanmianctoam'tml antitwdiaspl aced
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avai l abl e. One inportant constraint of 35this strategzla?ds that the |ight

chai ns of tﬁ’é(pf‘%ﬂl‘f}cﬁ?)a?‘@ﬁ‘f‘s HerBRinat SXRiFssIP qBniay e A 3 - to prevent

m spairing and formation of inactive nolecules. Thus this technique is not
appropri at e Amapgrasdh tp cdﬂ:uﬁivem' thg pretd eritnfmaispairddi sypecdifciss winth isdaioas
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tetraval ent bispecific antibodies are expressed, e
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exchange on IASRIRG (rRaipT (HBIC R & iEPRR06Y “Va"sré&g*‘?d“ﬁg"%q“”‘e’?? on
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protein, heterodimer could be further increased by remodeling the interaction surfaces of

the two CH3 domains using a phage display approach and the introduction of a
30 disulfide bridge to stabilize the heterodimers (Merchant, A.M, et al., Nature
Biotech 16 (1998) 677-681; Atwell, S., et al., J. Mol. Biol. 270 (1997) 26-35). New
approaches for the knobs-into-holes technology are described in e.g. in EP 1 870
459 Al. Although this format appears very attractive, no data describing
progression towards the clinic are currently available. One important constraint of
35 this strategy is that the light chains of the two parent antibodies have to be identical



conprising: a) a nodified heavy chain of a first antibody, which
specifically binds to a first antigen, and to which Cterm nus of
sai d heawyochaymsaddi ti onally the VH CH1L domai ns 200of saica/dreeiosed i body
are fused via their Ntermnus; b) two light chains of said first antibody
of a); c) a nodified heavy chain of a sgcond anti body, which specifically
binds to a second anti gen, wherein the CHL donain is replaced by the
CL donmin of said second anti body 25and to which C-term nus of said heavy
chai n addi t ito pedvient mli@awgc&nddfmmhm of irmafive melwalds a’ﬂlhlisbt(hikyteahtﬁqlfldl'med via

of ¢y . wher dioh iPRiaPRftector R Bekbstle seAIbHRRT, BRpllafAnfloB e AR, ong
ant i bbdy_. two antigensfstarting froamboel amebudlesfagtahet thefgst arxdnthﬁ§e@£m¢eaﬂﬁigd{l,f or the
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conpri sing t transformng a host vectors
conpri$ing @chpé‘ﬁéz% |Télerﬁéﬁ@dirp@§me%@éﬁpﬁﬁm& emapscvhencingiead Q& RIvasIGi ng

protei n acceighetifictatibbified, WeMValeddP bispecific antibodies are expressed e.g. by fusion
of additional Fab fragments (each identical to the Fab fragment of the respective
antibody binding to first or second antigen) to each heavy chain C-terminus of the

heterodimer. (see Fig 2)

10 WO 2006/093794 relates to heterodimeric protein binding compositions.
WO 99/37791 describes multipurpose antibody derivatives. Morrison, S.L., et al
the J. Immunolog, 160 (1998) 2802-2808 refers to the influence of variable region

domain exchange on the functional properties of IgG.

Summary of the Invention

15 The invention comprises a bispecific, tetravalent antigen binding protein,

comprising:

a) a modified heavy chain of a first antibody,
which specifically binds to a first antigen,
and to which C-terminus of said heavy chain additionally the VH-CH1 domains
20 of said first antibody are fused via their N-terminus;
b) two light chains of said first antibody of a);
¢) a modified heavy chain of a second antibody,
which specifically binds to a second antigen,
wherein the CH1 domain is replaced by the CL domain of said second antibody
25 and to which C-terminus of said heavy chain additionally the VH-CL domains of
said second antibody are fused via their N-terminus; and
d) two modified light chains of said second antibody of ¢),
wherein the CL domain is replaced by the CH1 domain of said second antibody.

A further embodiment of the invention is a method for the preparation of an antigen

30 binding protein according to the invention

comprising the steps of

a) transforming a host cell with



b) culturing the host cell under conditions that allow synthesis of said
anti body nol ecul e; and 5c) recovering said antibody nol ecule from said

cul ture. wofwrwihsrsenbodi nrent of the invention is a hostctarkolooogsse si ng
vectors conprising nucleic acid nol ecul es encodi ng an anti gen bi ndi ng
protein according to the invention Agf.urt her enbodi ment of the invention
is a pharmaceutical conposition conprising 10an antigen binding protein
according to the invention and at | east one pharmaceutically acceptable
exci pi ent. A funicbiers emgaritingemiclaé adit enol eondestanooding adispetiiodnfigen t he
treatnment of a patj.ent in need,of r. . characterized by adm nisterin
to the patient alr{dﬁge%%)éed?fig%ﬁrﬁl@gé‘i&eé?@vﬁgogmunt of an an%/i gen bi ndi ng °
prot ei n accd) diktgringthe hesticallemtercondit®as that alilow symshesteof saideantibody t he ratio
of a desired highesd:-thhg, tetraval ent antigen binding protein conpared to
undesired side products can be inproved by the replacenment of the CHL with
CL dondi n i ®) resevering saidantibedy ey fromgald @tugid t he corresponding two
nodi fied |ight chains under d). In this way the undesired mspairing of the

li ght chai ns afrtHehemBodinkeadyf hBiiglentpe s 4 hasabdlycdmpriking wo a first 20
antigen (of b) with the won %IJT.CI-ll dogai ns of é.he modi. f i ebd @nti body heavy
chains (of c) of *FNE DNEE Fi& Acid Jaqlequles greodipg g anygel BIndigg o ant i gen
can be reduced. phstdinatadbrdgmisltie tnventmrspai ri ng of the nodified |ight chains
of d) with the heavy chains of a). (see Fig 2 without these nodifications

and m spairi (e PRCIRIY! : 3 I Féﬂ?ﬁf rggbq,g es
and no m spédlp rgfrﬂ{gég?ﬁgg%g%e\gq f)g%&%g\zég?l?gh %%lgg‘natgﬁjéé%nve toiég{r?g‘lgﬁe i n%ti Zjn
conpri@es a api gpBae kindipngt prajeine AECORMNBgEN hendvegtion otd At dSshrengi ng: a)

a modi fied hpaMyaceh@éalyQlccdbtdtlé skcipighd. body, which specifically binds to a
first antigen, 30and to which C-term nus of said heavy chain additionally

:E get ?1/: rCHh Szg }}n?ﬁ §r%fb0§1"%rlle%t ]:)ir {hsetin\@er}l fogqg Y maertl(laocfc 1% %ge thea gntpoef%t ﬁa%eenf: l%nnect or
need of therapy, characterized by administering to the patient a therapeutically

effective amount of an antigen binding protein according to the invention.

15 According to the invention, the ratio of a desired bispecific, tetravalent antigen
binding protein compared to undesired side products can be improved by the
replacement of the CH1 with CL domain in the modified heavy chain under ¢) and
the corresponding two modified light chains under d). In this way the undesired
mispairing of the light chains of the antibody which specifically binds two a first

20 antigen (of b) with the wrong VH-CH1 domains of the modified antibody heavy
chains (of ¢) of the antibody which specifically binds two a second antigen can be
reduced. And analogously the mispairing of the modified light chains of d) with
the heavy chains of a). (see Fig 2 without these modifications and mispairing and

Fig 3 with these CHI1 — CL replacements (or exchanges) and no mispairing).

25 Detailed Description of the Invention

The invention comprises a bispecific, tetravalent antigen binding protein,

comprising:

a) a modified heavy chain of a first antibody,
which specifically binds to a first antigen,
30 and to which C-terminus of said heavy chain additionally the VH-CH1 domains
of said first antibody are fused via a peptide connector to their N-terminus;
b) two light chains of said first antibody of a);



b) two light chains of said first antibody of a); 5 - c¢) a nodified heavy
chain of a second anti body, which specifically binds to a second anti gen,
wher ei n twe 20tdh4stwoai n i s replaced by the CL domain of earkrieoonscant i body
and to which CGtermnus of said heavy chain additionally the VH CL donuai ns
of 5said second anti body are fused via.g_peptide connector to their

N-term nus; and d) two nodified Iight chains of said second anti body of c),
wherein the CL donmain is replaced by the CHL dormain of said second

anti body. A@g@mﬁﬁm@edmaweham\o@atsbmd atnhbod)e.ti o of a desired bispecific,

tetraval ent an n tel n d to undesired side products
(due to m spal ﬁ\‘%bSpS?lﬁfﬁbﬁllngﬁ aiq(?og r e%bf the anti body wt hpt he wrong
ant i body heavyheten the)Cid hdotpein isperdaced btyyhet G dopplimetsahsecond atébadsil wi t h
CL domain in thg mﬂfcﬁlé%$ﬁg§%f§§la'h@aw&ﬁ{n &ai Ry ife 9RLELRAMNG { Vo

nodi fied |ight alns un alring int onnecti on neans the

associati on oﬁalﬂ)squmé antibedy &R 4sed v&aaept@ﬁtcpwyormtw Npermnps Aty bi nds
to a first anytiveatbdiedtigt cmelsf)f@ﬁld E&@M&’aﬁtibiid o% an antibody 15 which

specifically binds to econ an e.light cha| f an
anti body whi cl‘i"l’é’ﬁf‘é‘i’:ﬂﬁ@aaf’?‘aﬁ‘i AP i“%gé’y%%ghd dﬁ’%‘ﬂ‘ﬁl’b%saﬂ) Sefpd 2 n?ﬂ i ed
heavy chain of an anti body which specifically binds to a first antigen (see
Fig 2) whi chAdcenatisg to thindeshtied thaaetio wé aodesmed Hisgekificf tetcavalentilantigen

byproduct s t t f
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i ncrease the ) _ ' )
antibody which specifically binds to a first antigen (see Fig 2) which leads to

undesired inactive or not fully functional byproducts.

In an additional aspect of the invention such improved ratio of a desired bispecific,
20 tetravalent antibody compared to undesired side products can be further improved
by modifications of the CH3 domains of said antibodies which specifically bind to

a first and second antigen.

Thus in one preferred embodiment of the invention the CH3 domains of said
bispecific, tetravalent antigen binding protein (in the modified heavy chains of a

25 and c)) according to the invention can be altered by the “knob-into-holes”
technology which is described in detail with several examples in e.g.
WO 96/027011, Ridgway, J.B., et al., Protein Eng 9 (1996) 617-621; and
Merchant, A.M., et al., Nat Biotechnol 16 (1998) 677-681. In this method the
interaction surfaces of the two CH3 domains are altered to increase the

30 heterodimerisation of both heavy chains containing these two CH3 domains. Each
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 further stabilizes the
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.



30 heterodinerisation of both heavy chains containing these two CH3

domai ns. Each of the two CH3 donmains (of the two heavy chains) can be the
"knob", whol2e10vagreet her is the "hol e". The introductionpgfi/ee26iosudste de
bridge further stabilizes the heterodinmers (Merchant, AAM, et al., Nature
Bi otech 16 (1998) 677-681; Atwell, S., _gt_.al. J. MIl. Biol. 270 (1997)
26-35) and increases the yield. -6 Thus in one aspect of the invention
said bispecific, tetravalent antigen binding protein is further

char act er i zethuk ntdiat aspectt e tHeHRvelRtioH Faidfbispecifiep titfaveldnh emtygenchiadingof t he
anti body of a the nodified heavy chain of the

f
anti body of pﬁ“}te‘éldéﬁurﬂ?ég;e?agﬂzﬁdﬁflgﬁtace 5whi ch conprises an ori gi nal

interface between the antibody CH3 dommins, - wherein said interface is
altered to pho@biledéhanfarthamahifiel hedvy dhiaspelthei antibody phahkehtheartidgen

bi ndi ng pr otgifin E%J&ﬁ&?h@a]v <h fn'mhé %t%ﬁ&%‘%féé&ﬁﬁeét'&t th&terfade t he

CH3 donmai n of one heavy chain | ere he ori gi nal
i nterface t heicHSoHRAES ﬁneﬂgﬁﬁblﬂ*@m gtvegen thenantibady C53 dpmains; gi nal
interface of the CH3 domain of the other heavy chain within the bispecific,

tetraval ent gﬂt 'vﬂfégelﬁlsﬁl@hﬂ@rfﬁé@isﬁlteneda@ ﬁﬁi‘ld’tﬁt}ﬁacfbﬂmllitﬁﬁi stuBe bsp%@ﬁ& aced with
an amno acid residue havin e C ol une er.e nerati ng
a prot uberance \}i?tfaﬁfl nt ﬂglgeﬁtbérf(#‘ oé?ntﬁéerﬁﬁgﬁel%l 6%9%1S8£'ar8ﬁt8n%ég\?y chain

which is positiamable in a cavity within the interface of the CH3 domain of

t he ot her heavygt}ﬂ?@*f@&?% r?floﬂe %Q?S,cggﬁrlqg MtQkqt he other heavy chain is

al tered, gl nal |nterface of the second CH3

domai gy t hat sz‘%ﬁ’ét%vﬁmﬁ' tl?@&ﬁ$1ﬂélrlﬁierf'a5€ {:}‘{ef(ﬁqﬁ d8aint Jﬂer}éﬁv%lﬂjmlrﬂbew thin
t he bi speci tetraval ent anti bi nding _protein
the original interface of the H3 domain of ‘the other heavy chain within the

bispecific, tetravalent antigen binding protein,

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

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

and
ii) the CH3 domain of the other heavy chain is altered,
so that within the original interface of the second CH3 domain that meets the
20 original interface of the first CH3 domain within the bispecific, tetravalent

antigen binding protein

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

25 positionable.

Preferably said amino acid residue having a larger side chain volume is selected
from the group consisting of arginine (R), phenylalanine (F), tyrosine (Y),
tryptophan (W).

Preferably said amino acid residue having a smaller side chain volume is selected
30 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
introduction of cysteine (C) as amino acid in the corresponding positions of each



an amno acid residue is replaced with an am no acid residue having a

smal | er side chain volune, thereby generating a cavity wiwthin the interface
of the sewondiodH879domai n wi t hi n which a protuberance w PhirEPedie/00356@r f ace
of the first CH3 domain is 25positionable. Preferably said am no acid

resi due having a larger side chain volurme is selected fromthe group
consisting of arginine (R), phenylalanine (F), tyrosine (Y), tryptophan
(W. Preferably said am no acid residue having a smaller side chain
vol ume i s s€HdemadDbucimtdnen disolfplec bridges betmgenfbath (Pl Mhalofmdins sar ibke (S),
threonine (R, valine (V). -7 CH3 domain such that a disulfide bridge

bet ween bot h 'B—e[g domai ns can be formed. In one preferred embodi ment, said
bi specific, tetraval ent antigen binding protein conprises a T366W mut at i on
in the CH3 dowap preferredh embrdisnentcsrd MmspasificTsEag e antigem bindipg Prateifiat i ons

in the CH3 ‘é@ﬁiﬁh&bs%‘ Tié’lﬁv H@horf 1Athe’ CHabeorﬁ@helldfltw%ob@bﬂalﬁhanmgﬁwI fide
bri dge between the mai ns, c (gf_l o, be.us q‘t?( 3/9 et 1aI

Nat ur & Bi ot ééﬁgA’lé'4@1§9‘8)‘taG9‘75 38%" 3 (dogain ﬂf %E;ﬁaénv i &dditiongl o,
into the CHintdeh@niaflfiddBridgnbas/cemthe’ OHB domaiai canaid e &Hq®aruitant,i on or
a S354C nut to,.the t ther

anot her pre%&W’eﬁt Mﬁ?ﬁ%ggﬁte‘g&@ glldsb% c6|Ia 6%151% GD hﬁmdimﬂgtdl @{ﬁggl ndi ng
protei n conmpritstem 88648 GHB6elMAIN i ti!@s“kmb her o‘lhoteﬁecltarma@é@ #afns and

Y349C, T366 8 ins or
said bi specﬁ? At?bqlt@irgég%gr?ﬁntgﬁéd%mﬁﬁ??o%?g?g}% %E%pé%e?@%gg%a T366W

mut at 1®ns i r@n@théf preferrad men@éﬁﬂlbﬁ@eﬁkﬁi tetayelentradigen binding projaig 7y
mut ations i Qomﬁﬁsésk@jﬂ@'%6ew hi@ation® quBe Gﬂﬂﬁl th® OF3 Sdhthiky SRECB49IC,

of e tap GHBOHOIT SANETaReroRsBoRe AaGEAL e Ay CRE SHTUR Of Rofne

of the two
ot her of t héidpecificHstrawai@itrntigen bmdmgtpreqaamdmpnses EBS@Q,aTlﬁ&Wammh@m

bi ndi n rot S n t
domai ng gnd @3@%@9%3%%’ é%s@%%lnﬁ%g%%%%@f ,LIS’ﬁ%Ri 241:9?1% ot er o?HShe
two CHB domthasther phheatyrtd GHndomaipa C said bispesiid, HetsrvalcoHanigavebindmgd t he

addi tional E3366G %ﬁ%@§1@3@€a?396w ﬁuiaﬂ@n@inh&{e §HBedeaaCH3 fdefaiiitand
interchain disulfide bridge

nupberin S acc rdin U i ndex of
B I R o Y
;159 Al OIcan shid uﬁ?@blﬂ&tﬂraaalbmehmg:qn aﬁhdmgnbpmélhyconeprweef‘emmE@xeﬁwl e 25
or said trispecific or tgtraspe ant i tions
in the CH3 ﬂ%‘ﬁﬁtﬂ?{‘ Sof! ?rf?eOFbWogvgo % ﬁ”mawa g%ﬁ“%Egé;% 39 L? §§8b@|‘7§ t he
CH3 d2irai n ofutatiens"ih dhecothéradfithe (el 1S damepind; v(alyesachi@tmablYﬁ@%@uEmmmmex of

gﬁ]‘??;gay' N 3RQIAES dBRGTELAEtheSRRRIHIP RS s6@Id S35iERAGTILE iPthd GhEREPRCI fiC

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 1 870 459 Al, can be used alternatively or additionally. A preferred example
25 for said trispecific or tetraspecific antibody are R409D; K370E mutations in the
CH3 domain of the “knobs chain” and D399K; E357K mutations in the CH3

domain of the “hole chain” (numbering always according to EU index of Kabat).

In another preferred embodiment said trispecific or tetraspecific antibody
comprises a T366W mutation in the CH3 domain of the “knobs chain” and T366S,

30 L368A, Y407V mutations in the CH3 domain of the “hole chain” and additionally
R409D; K370E mutations in the CH3 domain of the “knobs chain” and D399K;
E357K mutations in the CH3 domain of the “hole chain.”

In another preferred embodiment said trispecific or tetraspecific antibody
35 comprises Y349C, T366W mutations in one of the two CH3 domains and $354C,



conprises a T366Wmnutation in the CH3 domain of the "knobs chain" and
T366S, 30 L368A, Y407V nutations in the CH3 donmain of the "hole chain" and
addi t i onavbypof#Q8®3 K370E nutations in the CH3 domai n ofctrme2iikmadsso chai n”
and D399K; E357K nmutations in the CH3 domain of the "hole chain.”™ -8
T366S, L368A, Y407V nutations in the otRer of the two CH3 domains or said
trispecific or tetraspecific antibody conprises Y349C, T366Wnutations in
one of the two CH3 domai ns and S354C, T366S, L368A, Y407V nutations in the
ot her of th&3668, CHE8AIOWA)TIE mmdtladadmt ihenathéryo R0 KRB30domMaihabr gaid in t he

CH3 5 domui rqsp%]élftc o% tﬁt¥&§93ﬁ$QE{1 odry &%ﬁs%%|§'34§é5% useq"ﬂ {aHHESf g%no es a

donmai n of tl!i erein
full 1engt h tamtwhGH$ doorasissandriy S6€, Eﬁﬁb%@ﬁ&éd}’%é‘é\mutemsne thaethenef

antibody 1i gft (shatis do?ﬁaff Fiaflg alahmoﬁahfqvqumoﬁ mhfatidfls! inl BRIEA3

antibody is a eptlde consistin N-termn 0. Ctermnal direction
of an anti b@awaneag eckaphs <hapy aﬁﬁ‘ldég .WSFWuta&ﬁn%xm thg §y3 domaingf nheavy

chai n domai ghel“HofdHhain’an anti body hi nge region (HR), an anti body heavy
chain constant domain 2 (CH2), and an anti body heavy chai n constant domain
3 (CH3), abbreviated as VH CHLl- HR- CH2- CH3; and optionally an anti body heavy
15 chai n cormdicaerin Gomibbdy Zas(Sed heein dameesaf full dereth altduyly ebnsistengsefiivioass

| gE. Pref ] d
consi ot i ng. ARikpdfeal QSR fufhndide e AR PR pSnBankRERt | (O
CH3. The | i dhll lengthnamsfborlyl is peprjypeptidei eowisting ia Poteypisst iteleCdemunat i ng i n
N-term nal td‘?feglc;r?{)mrpﬁﬁtl%d'&qga\/ Rh&h @Ha@l@tdolﬂ%lﬂ (VHYn ﬁhﬁioﬁg\é@ﬁétﬁﬂ' e

domain (VL), an antl t 20 a| n constan onai n
abbr evi at ed 5§V>VE 3t domgin éﬁ?ﬁdid@ F‘i‘t dHBgE eI chi‘Hﬂ >( B3VYcan be

K (kappa) orchain(doasafiadomdine? gOHRY)cad ahhmmsd@mea\bi chaitl congait kiomain 3
(o bet wodhtehetPrafcd i IETH-BRPRE GHA wit BB R ibas: Befyna ™o "
the FUs | | erbain egrtstdno dipnivem\dy (CHA) ns. casg anfphre sintibodyy oif cthe s‘ubbllass églgt h 25
ant i bodi es I j I I : M | gA
gD_and g )" %%g“%%tﬁeﬁv%ﬁgﬁgggrgiﬁgl éf}zﬁf@ %&%%figaﬁﬁkﬁgﬁq 5
si ngl e specitegupaldgo (higmgnal gireetsn, o &8 ubkgnlightt ghain

anti bodi es. ofh@nfiehgth| fiBbay 61§‘ta| p&s}p ideCEREIIiAG ih N-tdihind Ve NCiterimia@npr i se
two antigen binding.sites e {] ﬁﬂ air. o H and VL %/Ey Ethth
speci fi cal | YHSFRP 863‘? ﬁﬁtﬂ%%fﬁ’e Ight; ‘ihé’t“) ??'gabg%ﬁ?@%‘ﬁ e @F@Pmlh ﬁ % he
heavy2@r | i ghaincé@istanofdosmird (CL),| abteeghted aast Vibedl. dénddntibodydighashamni no
acid at the n e I h

conprises t anétgnt II%%PQFL@%?ﬁﬁﬁ@X?%p% r?g%s{lar%ﬂfrrpﬁ%w %agorrm n
of the heav;}m(kh@utqgedm vnmeltartpcéymp@de dowifide l@ﬁndts thetweegtthe Elafemainsad Fi g.
). 9 _ repj I@ﬂ @ammlqlg Oséweeﬁ aRdiipg 4R AdASy raagllnﬁ laﬁai Hetvgé% B ¥k under

d) and the nod heayvy chain under C) S of

sai d heavy &p&EPRs ahithet qunlsng@a %meomhetvyae}m%s‘ixamp id té(ﬂ‘t‘:?]bé’glyfn(‘

SpeCIh bs caH Yanfiboules b @uﬁﬁp@ﬁtd)oamsl 1g@n1)gca(eeg flge;ed aud dg@2pdpM, dgA;: ng,ect or
to their ter

d
Speci 11 cal | PBIEES TS TUPAEt artey Pornraics conBo et B n o
sai d anti boayg.itunidn, bo tiGyt eambe ghintirized tor JrumaAird tangbodies. CIIE: fidntength' of

sai d anti body. .{ v fcII l.hds el to th
R fi tg(f}} flLbsnt 0 the
VH and CH1 %Héll nk%;?]csa?a atll’(l)tl eo {Vp{illtggl\f&?%&gt_e(?mﬁ | BI rec Fon.
formed by a pair of VH and VL, which both specifically bind to the same (first)

30 antigen. The C-terminus of the heavy or light chain of said full length antibody
denotes the last amino acid at the C-terminus of said heavy or light chain. Said
antibody comprises two identical Fab fragments consisting of the VH and CH1
domain of the heavy chain and the VL and CL domain of the light chain. (see
Fig. 1).

35 In an antigen binding protein according to the invention, the CH1 and the CL

domains of the second antibody which specifically binds to a second antigen are



10The term "peptide connector” as used within the invention denotes a
peptide with am no acid sequences, which is preferably of synthetic origin.
These pepwo@elocasmect ors according to invention are use@#CrEpbusmoishe
antigen binding peptides to the C-or N-termnus of the full |ength and/or
nodi fied full length antibody chains togf.orma bispecific antigen binding
protein according to the invention. Preferably 15 said peptide connectors
under c) are peptides with an am no acid sequence with a length of at |east
5 amino aci @I@ladwelf)}erea&tl )Oth/ufrtlbacang @0 ghb mbdified dighd Ghaimsrender el emabthe of 10

to 50 am no _aci. |rrents i.d [ conn t.r' n or
(&XS)nGm w {1 e_d afrtg’é’%@ea‘é‘/ e fl%%rc tﬂd&(% Cd%rmmu 'Sgl,d lge%.égéjg)ﬂand e
0, 1, 2 or 3yditionglky thedYH=CR, do@;alms of s&d antibody mhlmthcmﬁ%lly binds$ ¢ abl y x
4 and 20 ng.q, N-fermifhsone enbodi nent
sal d pepti dé connnégerg%eef%édat' ﬁd%éedrhrergtorb i?ng Si teS or

"anti gen- bi nd| ng&éélte as used here| n denot es the refgc n(s) ,of an antigen

bi ndi nyy pr otlde b dpgnaies’t pk spidyaribody @dichhseesificallygbings (e 3 firgthe
antigen or %ﬂﬁgeﬁﬁi}efefﬁm@tVHf anidt CHaCdd#adih Yof Rhiadat@ody WhiIN-hoi G-tetatinmed from

25 an antib rml ec ‘Q agnent th Fab fr The
ant i gen- bi n(cﬁ)if‘)r&/i rV&F ﬁ{sﬁt gOIPPIIélSI ﬂ€ ‘?Pgﬁ(ﬁb%@n{ﬂ%@’e?eﬁ}f‘%wlbﬂi}d&y heavy
chain vari ald a sdwmi mt(g\e’h@ rederd tartheatl bodlCH1i ddrhaiaheisaidvantibaldy en dontei n (VL)
of an antib y fragment which specifically binds to the desired
anti gen. Thgd%a/ten?‘gna?%%‘sﬁ’ ing sites (i.e. the pairs of VH VL) that

speci ficall Yl‘ bind to the 30 desired anti %en can be derived a) from known
anti bblli es tidetteran Gprntigersoprectyr” fas e Bithimthe daEndien slenatss psaYde Walment s

obt ai ned by a@find1Q¢RI & ﬂee%atwmeh rfse fd?@teﬁabumomgsyhﬂiea& @ﬁglﬁt thésh:e peptiR

antigen protein or nu c.acid reof. or di sp ay.
0TS A asoPEretrB AL f2eafion AEINET g futs G R Wit Hptafie
i nvention caid @rorSN-Sermiowngl theefali aesngtlyanth‘blemﬂﬂrﬂedgfuﬂéglgmanﬁm?sc)ham“sl ch

contr i bute Bl Y9805 Bk ALkt L epdi B, BlofEby

antigen. There&dard varla
CDRH3)5 and tshideeeptilg non@h@muwnrncabreep@tdgmmh a@mmmp@grd_s.equ@m_\zulaﬁd

CDRL3) . The 156l £f1e§s@% %ﬂné ra%{H%V‘@Eéfe{aSS" m éﬁ BSoth i 6F sl%er(m Nakedy
conparison to a conpiled database of amnoatﬁ; S;g@gces(k whi ch fhose
regi ons hav@“ff@’@hlyd‘éﬁ1918659&88?‘?,1?1’1‘6%]8 QPer Y dl“inF‘§rt REPHASeConaeRientSes .

Ant i body ngngzﬂrﬁbﬁ(}l}x’S@ﬁ@lﬁﬁNiﬂQ(ﬁﬁg@&Ideys #@ﬁlﬂ@,r’dridl(ﬂn: ot ntBe4ahbi Mdm Ngr |
antigen i or ,a cul ar 0 ntig tura
anti bodi es, "i“ofJ ngg?fﬁ) orre ﬂ’m%oé’p 8f A mBI ?4}%3 félr%’ Fes aa}nél

ant i b2eli es wki Zlor rﬁamomvmeférdh‘l)eweﬁt x&nt#g@nzbﬂm@nngnﬂmdunéntmatd peptidgher e an

anti body ha ne specificity, the recogni zed epitopes may be
assom at ed \?:VIO{EEJ gortsl?ﬁ@ﬁsg'anti gen or with nore than one antigen. 15The term

"nonospeci fic" anti body or antigen bindi ng protein as used herein
The terms “binding site” or “antigen-binding site” as used herein denotes the

2 and

region(s) of an antigen binding protein according to the invention to which a ligand
(e.g. the antigen or antigen fragment of it) actually binds and which is derived from

25 an antibody molecule or a fragment thereof (e.g. a Fab fragment). The antigen-
binding site according to the invention comprises an antibody heavy chain variable
domain (VH) and an antibody light chain variable domain (VL) of an antibody or
antibody fragment which specifically binds to the desired antigen.

The antigen-binding sites (i.e. the pairs of VH/VL) that specifically bind to the
30 desired antigen can be derived a) from known antibodies to the antigen or b) from
new antibodies or antibody fragments obtained by de novo immunization methods
using inter alia either the antigen protein or nucleic acid or fragments thereof or by

phage display.



denotes an anti body or antigen binding protein that has one or nore binding
sites each of which bind to the sane epitope of the sane antigen. The term
"val ent" we 2medsmw3t hin the current application denotespchEprpriesessee of a
speci fied nunber of binding sites in an anti body nol ecul e. A natural

anti body for 20 exanple or a full |engid. anti body according to the

i nvention has two binding sites and is bivalent. The term"tetraval ent”
denotes the presence of four binding sites in an antigen binding protein.
The term” bi/’ﬁpﬁﬁigﬁh-@)indi@g sidevof zﬁﬂintlgeﬁblndﬁl@pﬂoeafiﬂid’f the itversoraadritgansiai ndi ng

Bhich tup behpliaditarty GeleBFith friond TERIe] il Rt BBl adbsth e
epi t ope of tdeheaaftingeof thetbindipgrsitoifodantigepr Dhere ase thieet mvy)mbslemaﬁlahksient i on
have four bigag, chﬁjﬁse?cﬁ'i@ﬂafngﬁzr A @Rk TN e ligRObRiANAHRBR es Of

the invention conprise | nmunog In constant reglions one or nore

i munoyl obuldomail @BPRs CDRdrhy bband KR IaHs EBe PWPWPB@“ | ek, 1 gD,
and | gE i sotyness @) id BetbRfined 9 c@fnphﬁ@rﬁf@)da b&ifipiléd@athba3e D RAG acidl N a
preferred enbodi nent, qéfull Ien nacﬁ{f? gf thg i nventi on has a
constant dofEqueEnsEsincrhirhthope Kgiq ai"?/B “S grordipg fo f’%ﬁ'ﬂ’é 1Y 45K8E onal
anti body" othe ssquecleonal anti body conposition” as used herein refer to a
preparation of antibody or antibody or antigen binding protein nolecules of

a single amAl‘Rlb%ﬁ%%p%&?B?f %f ok to EQEC&@%%COE&&%&%? fRNLA R nOIr ?lflt%%?l to an

anti body conprisi I'ng regql one
sourct0or spéndies Pammaforl éa@w(aﬂ%fo?}tlt@ﬁ of an anbgen- aN@mF%g@IBWOQ@M ¥&d from

a different 3QHHEE /RS m%ﬂ@éiie@ﬁ'rc %HﬁUﬁé RTBBME Ard ¥ntiSHIMEDWARAt haWdAWo
techni ques. Chineric, antibodies c risi ng a rrurlnléqjiva i abl e r ion and a

human const shiferenigpptigeartindings sper ‘eé):I% CTR 0¥ @RHRAS Yt ?sm%mHF Pi T i ¢

anti bodi es"” s é&ﬂagasﬁee&c@gmiéneep@tropmhy bavssotiated witle a singieartigemdor efitht he
constant 10 regqi.on een nodi fied or changed fromthat of the original
ant i body t o "Y¥i él?aélt ARG} operties according to the invention, especially
inregard to C1 g bi nd| ng and/or Fc receptor (FcR) binding. Such chinmeric
anti bbili es dihe temo“mehespeeifict mntibody: logsantigan tindiag aproteio dis eused . hapinner i ¢

anti bodi es g O RbERE fd@am&ﬁhﬁ@%hb% YR DikdAP St Ng DNA
segnent s en?ogo&pgrll%ﬁruno Op%ntfgg 15 vlgérjl %e e regi.ons arrld DNAlsegrrents

encodi ng i meash ‘thﬁhlbﬁwgtﬁr@? sARe SRItPPERE ! I\?@F‘I‘?@&Eg?rbr produci ng chinmeric
anti bodi es invol ve conventional reconbi nant DNA and gene transfection

t echni ques &R téh F‘vM&ﬁMs uSed tithar the corent applicatiobdenbsnhe firekenceetf aal . ,

Proc. Natl. S'S‘ecc‘f:llf:i ed numbe &1ngls19t§s4 n a118 g&llbO%?%‘hOlyéllg @%%nﬁ%%%gd%or

5, 204, 244.
20 example or a full length antibody according to the invention has two binding sites

and is bivalent. The term “tetravalent”, denotes the presence of four binding sites in
an antigen binding protein. The term “bispecific, tetravalent,” as used herein
denotes antigen binding protein according to the invention that has four antigen-
binding sites of which two bind to a first antigen and two a second antigen (or
25 another epitope of the antigen). Antigen binding proteins of the present invention

have four binding sites and are tetravalent.

The full length antibodies of the invention comprise immunoglobulin constant
regions of one or more immunoglobulin classes. Immunoglobulin classes include
IgG, IgM, IgA, IgD, and IgE isotypes and, in the case of IgG and IgA, their
30 subtypes. In a preferred embodiment, an full length antibody of the invention has a

constant domain structure of an IgG type antibody.



20The term "humani zed anti body" refers to anti bodies in which the franmework
or "conplenentarity determ ning regions" (CDR) have been nodified to
conpri se wbeofddRs®8 an i munogl obul i n of different speciptirmrryiomssse@npar ed
to that of the parent inmmunoglobulin. In a preferred enbodi nent, a nurine
CDR is grafted into the framework regi opp of a human anti body to prepare the
"humani zed anti body." 25 See, e.g., R echmann, L., et al., Nature 332
(1988) 323-327; and Neuberger, M S et al., Nature 314 (1985) 268-270.
Parti cul ar | yrhertefres r@én&amﬁﬂ Qﬁﬁﬁ&@pCdifd'rﬁdhoblbﬁﬁlearﬁﬂbbﬂﬁ%Gﬁhlpbﬂgoﬁ’eﬁw&ﬁb@eS
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of "humani z IR EEISH gspregq{%%g H ‘H{,y ?rh%nqﬁpggeq{taq W%rhl?%ﬂg&’f 'tnhose in
whi ch the caondtanés sfeghingie hmsndssd cadpoditi@nal | y nodi fi ed or 30 changed from
that of the original antibody to generate the properties according to the
i nvention, Lally: 1o r nt : n(FcR)
binding. ety phimiee Bk R15s o th BB AHRe TSaRRIEREA0,
i ncl ud% ant iliso dinding &giory fiom oad s@uramr geaies and at legstonROTieR |oe?éd=0f1$témﬁ human
germline 35&@@@9&&#&%@ &i?f&%b%’ﬂ?x&?rce bpgp%elearuslumpbfe@a@a WyV&%EémKlﬂﬁx\m in

he

the state of - - (van 1 M A., and van

curr. Opin. [N@rfechsiges. § mmntsbeé les PAMPIISRgHMARNF SBRIIS TG 4TG be
produced i n HufrfaRs gemtantanégdidn Sarge pgeferred. c@)hetrhgtefafc&i cfoapadl e "chdmeric

i mruni zati on r,,odum n e f

ant | bod es. PIPHUEE B bY dhe BASEL iRidhlioB arSRR: BF Lk B SRR
Transt@r of regien hast’awngeodrﬁbd nechammch(ﬁg)mﬁlat Dﬁthgm@r@ﬂ aalybddy tggehergter m | i ne
mut ant m ce I I u tigen
chal | enge (Sdgé plr%‘;eﬁ?‘%é 5@{)%5%% %qu&t‘% ggpewﬁgnma%h{ao% § BRI R 90
(1993) 3551 204k5; Fo asepta/EeR) bd mgeISuaMI Chlm%mn@be@zs arecsy) ref%@(‘z@sas

Br ueg?_gmirn "cigbs -switchRl - aant%@@i’ers] p m(')l'lglﬂérlc Zlnﬁlli&g& are3 tht0 jz‘roodkﬂ@tf’fﬁﬂ e&ﬁielsmdl es g
can al so_be pr ed in phage.dis i rar|es enboo , an
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Bi ol . 1222 (Zlvﬁﬂél)leﬁﬁglen59ﬂd DN'AESegmehﬁme]me&ngfmﬁnimgloﬁu]?n @onstxmt @ionand
Boer ner et i 0 r t onal
ant i bodi es ?&%‘P%S §&J P%%)(ﬂl\éﬂllg @ﬁﬁ% Em glnegl &&8{‘% &g{%eg&%r{n}gf%g%&gggg er apy,
Alan R Li s§NA. amy genogspstegtien B@émmes gre welt kaown im ghe) art} egnelg, 147

(1991) 86- IPhorriAdn IS E2N RENPr&ICNafl OTAGR! R TSI NYTORA Y &85 asBEHOdi es
according to the invention the term "human antibody" as used herein al so

conpri ses st 2ALLB8andYShih24te nodified in the constant region to

generate the properties according to the invention, especially in regard to
C 1 q2i ndi Ntheatethh Cthumahizbd radtibedy" erefers iy antibakias Ewivhizhi thg"frim@vorkh@nge or

nut at i on of "FC 21%91 % n}é]ﬁetgrmm %BPCEI%% @%ﬁh@i&e%@% g{odkfﬂag té)lcg%g)algyh%t' on.)

The term "re€ORBinan her el n,
i ncl ude al | GldReof amimbwdpglebulimtof ﬁelpntepmc@”cmtyea@pp@ss@dd te rthait efd ther

| sol ated by a%?%hﬁﬂ@%loﬁﬁﬁpsln apeferd eﬂmoumaiteérﬂmkaém i§ { pAMeA | st cel |l

such as a NSO or froman aninal (e nouse)
transgeni c ¢ fAmewsTk melebel adwman adhedy t‘QBreBPreatﬁﬁl B%F@ée‘b'x"btﬂ@é@ed usi ng

a recosbi nargee XY, RS@hﬁﬁnMeEt @f all, rmfeeme(d%?tsmaﬁmmdwubergsm S.,
o A RS AR RSl BT SE of RO o
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are sequences rom an ﬁger mline
VH and VL sdnyrationgre thege iiowhichithe sonsjansxegien has been addisionakmodifiadoerdy ger m

line s@pert Qhhfpedrdth Rat offtRe oﬁ@fdaﬁ%@oo@érfalgenerﬁeéahe PRI RriERMRE Sy da éé; @ |ight

chain (VL), variable region o ea used herein tes
each of the tBailpveption; ggaecgﬂﬂa e asgAd i fla M@ and(qh, BF vEgPRRT

bi ndi ng t he badihgody to the antigen. The donmains of 35variable hunan Ilght
and heavy chai ns have the sanme general structure and each

The term "human antibody", as used herein, is intended to include antibodies
having variable and constant regions derived from human germ line

35 immunoglobulin sequences. Human antibodies are well-known in the state of the



- 13 - domain conprises four framework (FR) regi ons whose sequences are

w dely conserved, connected by three "hypervariable regions" (or

conpl emenyenbiyi4g@er m ni ng regi ons, CDRs). The franmeworkTepge0nsssagiopt a
p- sheet conformation and the CDRs may form | oops connecting the p-sheet
structure. The CDRs in each 5 chain areijheld in their three-dinensional
structure by the franework regions and formtogether with the CDRs fromthe
ot her chain the antigen binding site. The anti body heavy and |ight chain
CDR3 regi On31rtpdvaij mJlQGMIA ¢ ahdvhy derWarkeh it G, @uer. iQpihh€hémnBialgS (2001)

specificityl g 3ge tﬁy&%ﬁ}%‘ﬁbg 1te§ gﬁi ia??o ﬁg %%(ﬂlc@ 1}10tr£@ge[¢]gva%%519rte%nd

therefore p er o e |nven
"hyper var i athiee) thgi are' cnnabfeanmogelmrbmmzhtwg, b rpmi)ctmmg a dill aiepeAIER) OF \ihen

used herein I%Et‘?én P E’&bd?é‘s' fh 'i}?es hiRge Of &ﬂo@éﬂdu@or%ﬂm Sordine

responsi bIe or antl n-b I ng. pervari abl e regdion co rlses ani no
aci d r&si dud@soducham.t nSfébﬁﬁFf&T@Hﬁﬂ? gg}n Hé? ERMUAPEIGD H‘lé‘bg%‘?f‘sa

tEre agevwrk g@ﬁgllﬁg mbRt eﬂ% Hifl k%ﬂﬁ% \t &muetldomglmng@ggrxﬁmdgshqfont Ean
ypervarl abl e regi on resi dyes. as re t

li ght and h@&(}%encﬁéﬁ%%ggeofse&ne -Bn i‘l"t?g’wlt%d'}rpf rh‘r%r#%}l‘f e ﬂer‘%lﬁus tﬁe
domai ns FRL,(1W3R1,256R255EDRRAKobdR3ts, CAR3, et ant, AR4tureCORS2 ol 993arh2ghabs; are
separ at ed by, SUChLhAMEHOLK, 310 1P 1ARhAR), FR8S) 35 L) gaus%eavy

chain is th on whi ¢h contr nost "t o anti gen d FR
regi oh@ ar e athottwr prodectddo pbegé digplay 1tbhfé10§t(h{ﬁ§a¢®00121@%fa |ami 6’#’%9 Jabat ,

et al., Seqmpe%olofzzﬂ(pége)@%lefssl mwrsolml EAdl., IJaneBtol 2 ﬁm) sgubl i c

Heal t h Service, National |nstjtutes of Bet he As d
herein, the &} Mheteshnigueyof Colg, S Frs@éT?n‘i)Eﬁﬁﬁnﬁbet a ‘?re Hﬁéééé(?rfl cglsley

bi nds Eo r &?@bﬁpﬁﬁtlbﬂ%fﬁhﬂﬁhﬁﬁoxﬂfcldriaEaﬁiﬁddtHQC{@bwlS LREn doiahgdMugoploadlei n t o
an epitope o ant | an in assa

resonance adsl ogfé aF%?%BB‘?I heﬁ%’-y lrS% %ﬁgéﬁg)eé@g%ge &wﬁgﬁ?éﬁ’fr? |n ed
wi | d-1ype ant imeanolThé7 31‘9‘9|1m86595¢;fA$ ﬁeealdyrmmhnngnq:(tfod@hlrrm‘w dnd hurearizadns ka
(rate const aamlbé % ta&% ﬁg Q&'tﬁ‘ébhrgfép%n tlereRntd ﬁ‘gﬂ‘l z{n‘?lli)oéﬂ;‘t hOaek Rereant i gen

bi ndi ng protern antigen conp (di'ssoci ation
constant), e K@nPRWaWChB@mﬂIOHQFSoWthrbe@‘Pfm@éllfleQ 115» Htﬂ’i ﬁ‘@)“SF?élér@glé?“biondl ng

affinity (K nélfatelﬁre fapdrtits Qﬁcérﬁﬁﬁ toPfiRf @i aktion, ¥ep&idiyt th #pard 3O AIF nol/ 1.

Thus, a bispecific, al ent an gen bi n Jrotein acco

invention i g’%‘%@%?’?‘? 8h {: ?@gmdmﬁ’ ﬁ§ V%}EFILI’?%e € Ehangh o qutglqnsogs%em fic
wi th aobi ndlpagseéglmmmyg((}l(ﬁ) IgG4 /& IgGl/IgGennﬂteBm) preferably 10-9 Mto
10-13 mpl/1. - 14 - terns ka (rate constant for the association of the

RO R Ak AN BRI ) FDekE SRR O )
capabl e of @mnfan@bodres that are prepared expressed, created or isolated by recombinant
means, such as antibodies isolated from a host cell such as a NSO or CHO cell or
from an animal (e.g. a mouse) that is transgenic for human immunoglobulin genes
25 or antibodies expressed using a recombinant expression vector transfected into a
host cell. Such recombinant human antibodies have variable and constant regions
in a rearranged form. The recombinant human antibodies according to the invention
have been subjected to in vivo somatic hypermutation. Thus, the amino acid
sequences of the VH and VL regions of the recombinant antibodies are sequences
30 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

35 variable human light and heavy chains have the same general structure and each



bi nding to an anti body. In certain enbodi nents, epitope determ nant include
5 chemcally active surface groupi ngs of nol ecul es such as am no aci ds,
sugar si dgoebaimsiozphosphoryl, or sulfonyl, and, in certrarmpresibooissent s,
may have specific three dinensional structural characteristics, and or
specific charge characteristics. An epi{ppe is a region of an antigen that

I s bound by an anti body. In certain enbodinents, an antibody is said to
specifically bind an antigen when it 10preferentially recognizes its target
antigen in aognimlcemprisest fswe frimpwotkei(FR) aegibny wimse cegli@ces ese widely

further enbodinent, the bi.specific anij b ndi wot el ' to th
I nvention i S,COE%CzS\‘egCt%Orning%tggi %’tthzfﬁe SQ%??%{ani L{ﬁ%{’ﬁgg ?fl [)kgggﬁg{slglg ugan ©
| gGL subcl asistermining raginnsnCD&S]. Bhetzaraewonki regionhadanyadl-phset cornfeumationd
L235A. 151N g4 kil EPRSs rﬁé@fb%%&%s éd?ﬁe&i@ﬁg B?éh@et?&hbﬁﬂiﬂ (}mer@bng iPERhEl N

according to the rnventi‘on Is characterized in that sa fyll | engt
anti bolly i s cheintaresld yaheis fhroedimensional jsugture by (e ramswar OnSAR
blh SpeCi fic qmmd j@@{eﬁﬁa‘trnﬁitmmepcﬂmi ﬂomﬁero@'tuem%hgm &hem;igmebtridmg kige. The
characterize n at said. . ant i iS. .0 uman | .
bt Bivwand Sebb o RN eHns R0 # pir Shiery PR R HRlE B ot ei n

20subcl ass. 3H
accor di ng t ahé bendityy epdcifivity/affinitgrodcthe ranibelien atdoading ab dthé thvention gand

anti body is {’?Uﬁq . r{ﬁh n 1 g& subclass with the
addi tional rtrll(lj '8 |¥o §B%%uﬁuprc&§§% gghaeblﬁ{,/e %g?bi specific antigen binding
protein according to the invention is 25characterized in that said full
| engt b0 ant i Byt ‘Byperyassble reions s patigen-tinding partionedangolbedis VRGN h -t he
addi tional nutRhiRM R2SEB-thé hmi@s adl@eNARR Jrauhtibb@d whith &tk segoniible
antigen bi I’IC%I ngm E%rﬁOt erlé{gs aﬁ]cor di g?d 1 Bl t he invent.i on have inpr. vedfr
char act er i stiPEatigseibinding; iegyperyara ed’ﬁ%ﬁPﬂﬁe’S'lpﬁ'E]‘Fscaé’ilch?ﬂ‘ﬂ‘l%?@?eS om
phar macoki nehé ¢'cpmplRarchiagisy @etdrmiiing trggiofisteyr CADRR. UBmthewvogk” foor "RRie
30treat ment rgéiorqsl A Mose Sv%%gbl%sd&%ﬁﬁel[e'gion_s o]tﬁer_ than the hypervariable region
15 residues as herein defined. Therefore, the light and heavy chains of an antibody
comprise from N- to C-terminus the domains FR1, CDRI1, FR2, CDR2, FR3,
CDR3, and FR4. CDRs on each chain are separated by such framework amino
acids. Especially, CDR3 of the heavy chain is the region which contributes most to
antigen binding. CDR and FR regions are determined according to the standard
20 definition of Kabat, et al., Sequences of Proteins of Immunological Interest, 5th
ed., Public Health Service, National Institutes of Health, Bethesda, MD (1991).

3% &«

As used herein, the terms “binding”, “specifically binding”, or “ which specifically
binds to” refers to the binding of the antibody/antigen binding protein to an epitope
of the antigen in an in vitro assay, preferably in an plasmon resonance assay

25 (BIAcore, GE-Healthcare Uppsala, Sweden) with purified wild-type antigen. The
affinity of the binding is defined by the terms ka (rate constant for the association
of the antibody (or antibody or antigen binding protein) from the antibody/antigen
complex), kp (dissociation constant), and Kp (kp’ka). Binding or specifically
binding means a binding affinity (Kp) of 10 mol/l or less, preferably 10° M to 10

30 '3 mol/l. Thus, a bispecific, tetravalent antigen binding protein 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 10™"? mol/l.

Binding of the antibody to the FcyRIII can be investigated by a BlAcore assay
(GE-Healthcare Uppsala, Sweden). The affinity of the binding is defined by the



The term "constant region” as used within the current applications denotes
the sum of the donmains of an anti body other than the variable region. The
const ant wegomm4s®3not involved directly in binding of oTAPhégeNGse®dUL

exhi bits various effector functions. Depending on the am no acid sequence
of the constant region of their 5 heavyjghains, antibodies are divided in
the classes: I1gA 19D IgE 19gG and IgM and several of these nay be
further divided into subclasses, such as IgG 1, 1g&, 1gG3, and Ig&, |1gA

1 and 1 gA2. tghRy h@avyate habistafngbanther @gdoeisiohhaf e ratipedyd f@nt hehe

different classes of. anti bodi re called a, 6, ¢ ,nand A

respecti vel ;’7‘!’“@‘?@/ ntghR C@HB@HEi‘@ggltsﬁ(fﬁatpé'gcf’l}ﬁgmz’éf? Kgﬂﬁkéﬂ(a&an be found in
all five antibody classes 1l0Oare called |Ic (kappa) and X (lanmbda). The term
"const ant r dleotereldpitoge't nnriudasnany eolypeptideadetgsathanhn capable i spetific

application ] ty,h {1 Lop..af .a HH?:‘B nt | y of

t he subcl asgﬂﬁg]%%,g %’gé@ﬂ&f‘gﬂ@m g%#%%mggﬁ%gb’ag%@ﬁgt g%t JSﬁt Mc al n kappa
or | anbda r ehemirallpaetvesifaca roynegsodsmalesulge puchasodpinPracidse sugagsideof t he
art and e. g;chéiﬁs,dﬁﬁﬁ%lh&?g RYsulfBRAL an&: ) cerfafif EmBodimeARN MSHBNhave spRBidic,
T.T., Nucleic Acids Res, 28 éz 00) 214-218,; abat,ﬁE. A, et al., Proc.

Nat| . Acad. tRge dimpeigionsl strectumal sharactonstich, angnen spesiic guiseshastcteiticr g
subcl ass show ¢pibpe ¢a FegionasfeptantigétthaRsboand by anantbodynt i bodi es of ot her

| gG subcl asses show strong bi nding. However Pro238, 20 Asp265, Asp270,

Asn297 (Il os - r . . : y237,
11e253, SerZgggmﬁi/fﬁgggﬁ%g‘g%E}%&Rﬁ@i)%%%&sth%gﬁéﬁ%ﬁﬁﬁé%&@%ﬁ??@%ﬁues

whi chl0i f alprefersdtialhy regpgiizes isotarget aviégenHo ar eogrie mixfureieprotesis anddy, R L.,
et al., J. BiRlom&R&Mms 276 (2001) 6591-6604; Lund, J., et al., FASEB J. 9
(1995) 115-119; Mrgan, A, et al., Imunology 86 (1995) 319-324; EP 0 307

434). 25l n Qne odi nent.. an tigen .hindi.n rotein accordi to the
Vet 1 on a8 aa an ERROHER N RIPRECEDR B POATE Pin ooy Rl t he
full | engthipahdod iandhatwetyized ihnthategsid dfutlolehgth fntibdidpgisodéf hgedn slighdl ass or

of 1gGl or Isgb%%as% “?Ergét‘g@wgg& %u?)l.’f %S%Fv!/iﬁpthie ?nu%gt%r%%fs %%ﬁ’ antIdZI?'Z% san d/or D265,

and/ or contarns't mut'a n-one enbodiment the mutations in
the full length parent antibody are 30 S228P, L234A, L235A, L235E and/or
PVA23B | n dmat fusthee epbailimant the\bispecificiaptigen hinding pioit¢in | aseepdingpter Biet
anti body ar g, jdAtib8 ¢ hasBR28d ihthhiOSkd LEA4RngMdaktdbdad is of Afman 1gG2
cytotoxicity). Conplenent activation (CDC) is initiated by binding of
conpl enent pakgless- g g to the constant region of nost 1gG anti body

subcl asses. Binding of Cq to an antibody is caused by defined

pr ot ei n- pr otleianfurthee eabbdmmst ahe bispedfic aatigad bhidind ptantaecoBinghtoctiest ant

regi on bi ndi. i fe r | .stat.e t he..ar n ri-hed e.g.
by Lukas, | T.8venih 35, Aafigleal h bG8 GClRLn WY 576 RuET 103 L ©.0,
Cebr a20 J. J. subgdass. | nmunol . 16 (1979) 907-917; Burton, D.R, et al., Nature
288 (1980) 338-344; Thomason, J.E., et al., Mdl. Imunol. 37 (2000)

a25- 10ﬁ4; N{ (ih'%?ﬂirlﬁer 5mlgoiifin?énlt f%he7 gi %ga?ﬁﬁgé%tl,ﬂ:%h MN% #eddrdi 1%4ihte |

zar eh, . et al., J. Virol, . - ;. Nor . A, al .,
| munol ogy 8%/<PtieRss f%eraﬁ@l-zs%p th fdsae% feﬁs ?gtbsantﬁ)gazwsc%ﬂgwaﬁfe 184 on

bi ndi ng si t 8abeliiss or,LofthumaplgGaguedlasseritibthe tabditianalmutatonlS228184, L235, D270,
N297, E318, K320, K322, P331, and P329 (nunbering according to EU i ndex of

fgbf‘t )Si- STgfe Prételibly it BRYYGAEPSRIEM birffihe Préthin ¥ BEARKE Gbtthe (P on [sf €7'S
y25 characterized in that said full length antibody is of human IgG1 subclass, of human

IgG4 subclass with the additional mutation S228P.

It has now been found that the bispecific antigen binding proteins according to the

invention have improved characteristics such as biological or pharmacological

activity, pharmacokinetic properties or toxicity. They can be used e.g. for the
30 treatment of diseases such as cancer.



human target cells by an antigen binding protein according to the invention
in the 15 presence of effector cells. ADCC is neasured preferably by the

t r eat mrentwof2oe/psm@par ati on of antigen expressing cel | s RCTIEPAaIOANSHGEN

bi ndi ng protein according to the invention in the presence of effector
cells such as freshly isolated PBMC or.psirified effector cells frombuffy
coats, |ike nonocytes or natural killer (NK) cells or a permanently grow ng
NK cell line. 20The term "conpl ement - dependent cytotoxicity (CDC)" denotes
a process il‘Ii‘lieitaﬁmdcdmytahi regiony asfusebwithentha tufrenttapplicatiogs HendtésethBsumpar t  of
nost 19G ant i od fsse f sed by
defi ned prot e:&h %Orrﬁ%l ?% armnzlrbg?y?g{neg%éa@ tP??ina%lé I%Fgror;l'd%gé cg‘%%tlr %18;{"}%“ h Fc
part bi ndi ngosiineslved alitentdywini bintling of @meal@fgenhé)uaquh@@eVme9 feo@rch Fc
part bindin t 4
L235, D270, qﬁgdgt;?% iEndpgion t%%%%P%%&gﬁ% gﬁtﬂeiﬁlﬂ@ﬁgﬁ%@&{ agﬁg{re%?ng to
EU i ndex of hkapaehainssntibedieeareqtividgd in dhesclagses: 12 Iy

show conpl erdtsedshl Maﬂieé?é‘rdap(ﬂeuﬁ!ﬂrtﬂ@r ﬁivideﬁ 1ﬁﬂﬂsd531ab$el§dsm asWip€r1€4gG2.gGA

e T o b3 Gl s PR SR P2 B0 S B it cgﬂ@res%odn’gﬁhanc'ed

by engi neer itoghd GidferensIclagos axdfcanaibodies amrmdiaém das, deasdn, lnembectwdlyralf’rm P.,

et al., lﬂ{gﬁt @fltﬁh %8“&91% reél%ng i@g?lvh%% 5‘? fo%ﬂg 1}Ij§llgﬁ\§e0%1tﬁ)§)ﬂy RELICES type

ant i bodi es, t herapeuti c anti bo
gl ycop? ot ei rase Gﬂd@ﬂ w(ésappaaao@MM)Nl i nked glycosylation site at Asn297
in each CH2 domain. The two 35conpl ex biantennary oligosacchari des attached

to Asn297 arﬁlebééﬁhe‘@toﬁﬂﬁl‘ﬂe id@erived! from Ghifiafl JFRIMS as uRedMimghexuaes ve
contacts with ]é ti de backbone, _and their_.presence i.s €ss gﬁl[al f or

the anti bodyPPhc Blesa Sty hRALY HAL Egn 85 a‘HP’i‘%B@ﬂ R e
cel lul ar Cytsobclasisd'g(}y Ig@H;(Ing(SJ_dnf BI04, andVor aRcanstaht hght, chﬁinykapba ok tagybda (1995)

ff .-
S and Mr 71 dofonsSuch v egolfOHE Gt RSy f&é%;m)ofs o

al. Nhbure @emﬂﬁmKa@, E.2006%e @grslqml@orar{ét and Wo 4bluglgiswheids IRes.

OVer expr essignofof-h1 1958, RABEL & AQVAra,, (I%@N%'AéacPfScl _USA 72 (1975)
13(1, 4) - N-acet I ucosam nyI transférase’ |l "),

gl ycosyl t r afdBerd8® cat al yzi ng the formation of b| sect ed oI i gosacchari des,

significantly i ncreases the in vitro ADCC activity of antibodies. 10
Al terations Whilé i‘e@lubo(ﬂms)&ift thenlgd4 tsbbclésnaﬁ)xv craddmbyﬁcf ateeptr (ERIIa)

el i mnation . af f.ect R an U ,
Nat or 661 ot SRadiEe anfbSReObEthag LS AU srofls I Holeyefbrdas,
Bi oend0 74 (Am:@@ 28R 709 AsnRPnass of Fc garbghydraty), Br05[29 Caeid, A781283001)

gﬁ?ilgdésw&l? Gl??%i%’lﬂf? Ile§§3 aSler%Sét] C%@ZS@ Th 0 Or%z@eéégg %aﬁcﬁﬂ?s%ﬁ-gfhklsgl ds.

R, L., et dpsidues wikglyif a@f@% prgwﬂe@iﬁeagsluczé scmd’m@fl&ﬁ%‘ﬁg dsiR.L.c | et
al ., J. Imyaaql, J“@fbh@l&en?@d@@@?) 699313666417)Lunwblh@d§1 tMSEJBGHQG(1995)

cel | - medi at € ef fector ftﬁr;ctl ?nlsmmuno gé ?1@%5) Y. '39?%1?3 387 434).

reportede.g

25 In one embodiment an antigen binding protein according to the invention has a
reduced FcR binding compared to an IgG1 antibody and the full length parent
antibody is in regard to FcR binding of 1gG4 subclass or of IgG1 or IgG2 subclass
with a mutation in S228, 1234, L.235 and/or D265, and/ or contains the PVA236
mutation. In one embodiment the mutations in the full length parent antibody are

30 S228P, L234A, L235A, L235E and/or PVA236. In another embodiment the
mutations in the full length parent antibody are in IgG4 S228P and in IgG1 L234A
and L235A.

The constant region of an antibody is directly involved in ADCC (antibody-
dependent cell-mediated cytotoxicity) and CDC (complement-dependent



WD 2006/ 116260, WD 2006/ 114700, WD 2004/ 065540, WD 2005/011735, WO
2005/ 027966, WD 1997/028267, US 2006/ 0134709, US 2005/0054048, US
2005/ 01528064010v@s?803/ 035835, WD 2000/ 061739. | N on@CprEPREnnazsco
enbodi nent of the invention, the bispecific antigen binding protein is
gl ycosylated (if it conprises an Fc parjgof 1gd, 1g&x, 1gG or IgHA

cytotoxicity). Complement activation (CDC) is initiated by binding of complement
factor Clq to the constant region of most IgG antibody subclasses. Binding of Clq
to an antibody is caused by defined protein-protein interactions at the so called
binding site. Such constant region binding sites are known in the state of the art and
5 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; Thomason, J.E., et al., Mol. Immunol. 37 (2000)
995-1004; Idusogie, E.E., et al., J. Immunol. 164 (2000) 4178-4184; Hezareh, M.,
et al., J. Virol. 75 (2001) 12161-12168; Morgan, A., et al., Immunology 86 (1995)
10 319-324; and EP 0307 434. Such constant region binding sites are, e.g.,
characterized by the amino acids 1234, 1L.235, D270, N297, E318, K320, K322,

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

The term “antibody-dependent cellular cytotoxicity (ADCC)” refers to lysis of
human target cells by an antigen binding protein according to the invention in the
15 presence of effector cells. ADCC is measured preferably by the treatment of a
preparation of antigen expressing cells with an antigen binding protein according
to the invention in the presence of effector cells such as freshly isolated PBMC or
purified effector cells from buffy coats, like monocytes or natural killer (NK) cells

or a permanently growing NK cell line.

20 The term “complement-dependent cytotoxicity (CDC)” denotes a process initiated
by binding of complement factor Clq to the Fc part of most IgG antibody
subclasses. Binding of Clq to an antibody is caused by defined protein-protein
interactions at the so called binding site. Such Fc part binding sites are known in
the state of the art (see above). Such Fc part binding sites are, e.g., characterized by

25 the amino acids L234, L235, D270, N297, E318, K320, K322, P331, and P329
(numbering according to EU index of Kabat). Antibodies of subclass IgG1, 1gG2,
and IgG3 usually show complement activation including Clq and C3 binding,
whereas IgG4 does not activate the complement system and does not bind Clq
and/or C3.

30 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,
the most commonly used therapeutic antibodies, are glycoproteins that have a
conserved N-linked glycosylation site at Asn297 in each CH2 domain. The two

35 complex biantennary oligosaccharides attached to Asn297 are buried between the



subcl ass, preferably of 1gGl or 1gG3 subclass) with a sugar chain at Asn297
25 whereby the anount of fucose within said sugar chain is 65% or | ower
(Nurmber i /goaonorssiong t o Kabat). In another enbodi nent i ®CriEP2@omEsH0 Of
fucose within said sugar chain is between 5% and 65% preferably between
20% and 40% "Asn297" according to the.invention neans am no acid

asparagi ne | ocated at about position 297 in the Fc region. Based on m nor
sequence variations of antibodies, Asn297 30 can al so be | ocated sone an no
aci ds (usualgdmy2 a@halm rtbnhimgrexﬂe&SQMmmaans ivel &) the pstypeptidedyacklioones and theirof

POST L1 0N 29 reskie 5 RELARANGPAR!bliB0 A3 naNtde 308eicl RirRRGnERATL RNbodhl

gl ycosyl ate nventi o
subcl ass is dopertd@manelltg@lCﬁgmifatys(Ala‘f?ChLihtfﬂl)’L 61 Rulst lahs Slygobirlege 5

mutat i ons L%ﬁﬁl Gk y%?’?éffé?fs &f, ét%@hﬁ%ﬁbﬁi&v hén @1§9@?tsbe7rs evhgsi ment the

35anpunt of neur am ni ¢ _aci % or | ess. and/ ci\latt he

anountS of YGFQIH!@?,QIBPWEP@MB?}@GgE}édl 9719826 3%@@?‘%‘%&1 et al.
al pha- 1, 3- gqjla@&mﬁﬂ 1B (1999911 76989 addt WION9Sygit s sigaredcthal meramesmam chain

show prefer e characte of ed cans_at n297
of an anti bﬁ?x‘?sﬁg'ﬁﬂ’ﬁfeﬁé’l‘f?‘iyy(@i{g §§l ﬂf% Jﬁ%@tg@ Cosalrﬁlély[t]éaln exa)t ﬁgnﬁﬁgar
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In one preferred embodiment of the invention, the bispecific antigen binding

ure

protein is glycosylated (if it comprises an Fc part of IgGl, IgG2, IgG3 or IgG4
subclass, preferably of IgGl or IgG3 subclass) with a sugar chain at Asn297
25 whereby the émount 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 Fc region. Based on minor sequence variations of antibodies, Asn297
30 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. In one
embodiment the glycosylated antigen binding protein according to the invention
the IgG subclass is of human IgG1 subclass, of human IgG1 subclass with the
mutations L234A and L235A or of IgG3 subclass. In a further embodiment the
35 amount of N-glycolylneuraminic acid (NGNA) is 1% or less and/or the amount of
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According to the invention “amount of fucose” means the amount of said sugar
within the sugar chain at Asn297, related to the sum of all glycostructures attached

30 to Asn297 (e.g. complex, hybrid and high mannose structures) measured by
MALDI-TOF mass spectrometry and calculated as average value. The relative
amount of fucose is the percentage of fucose-containing structures related to all
glycostructures identified in an N-Glycosidase F treated sample (e.g. complex,
hybrid and oligo- and high-mannose structures, resp.) by MALDI-TOF.
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Amino acid sequence variants (or mutants) of the bispecific antigen binding protein
30 are prepared by introducing appropriate nucleotide changes into the antigen binding
protein DNA, or by 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

35 production, protein stability or facilitate the purification.
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agents for poauBREeid ¢aldpérably 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.
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manufacturé of a pharmaceutical composition comprising’ an antigen binding

protein according to the invention. In another aspect, the present invention
provides a composition, e.g. a pharmaceutical composition, containing an antigen
binding protein according to the present invention, formulated together with a

25 pharmaceutical carrier.

Another aspect of the invention is said pharmaceutical composition for the

treatment of cancer.

Another aspect of the invention is the bispecific antigen binding protein according

to the invention for the treatment of cancer.

30 Another aspect of the invention is the use of an antigen binding protein according

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



Regardl ess of the route of adm nistration selected, the conpounds of the
present invention, which nmay be used in a suitable hydrated form and/or

t he phar mmoeutdastosconposi ti ons of the present inventi orcTaPeoho03Fed at ed
into pharnaceutically acceptable dosage fornms by conventional nethods known
to 25those of skill in the art. Actual-gpsage | evels of the active
ingredients in the pharmaceutical conpositions of the present invention may
be varied so as to obtain an anmount of the active ingredient which is

ef fective t Amthdraygect bfthd dsventidn ihemefwdtaf crenasqno nf & patient auffening Tomar
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a host cell. cells orm e ce arriers are use
host 2@l | s, actiensibe@ntesns kgowainr thedrtout e. g. by the cal ci um phosphat e
precipitation nethod as descri bed by G aham and Van der Eh, Virol ogy 52

(1978) 546f frpeHangagr a&hﬂz%l ARhiRRdatbOT aﬁd"“ﬁcﬁﬂi‘ﬂ?ﬂté}% %ntéﬂ&lgy g lisedsuch as
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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



30 referred to as transcript) is subsequently being translated into

pepti des, polypeptides, or proteins. The transcripts and the encoded

pol ypept isleoaras®el | ectively referred to as gene produett/grboivfoesseo

pol ynucl eotide is derived fromgenom c DNA, expression in a eukaryotic cell

may include splicing of the nRNA. - 2523-A "vector” is a nucleic acid

nol ecul e, in particular self-replicating, which transfers an inserted

nucl ei ¢ acid nol ecul e into and/ or between host cells. The term i ncl udes

\(/ect ors th hatvaginacdarcinoma ofite vupvd, dlodgkinsisease,afan@iiaf tre diphagus.ccancael |
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Li sting SEQJrhhOotHRBb{d 8shcbRavy chain of <Ang-2> antibody with
C-term nal fused <Ang-2> anti body VH CH1 domains SEQ ID NO 2 unnodified

;In? ihtjogga:,mn tﬁ%&%&g@%&ibgg %Yayz a?l%cl)E %olnainNgdﬁlvgr?tcs“ sfulcﬁ dashgrae\s/ rva(l:tpv%ls,n w%{tinfg\/EGF>
agents, emulsifying agents and dispersing agents. Prevention of presence of
microorganisms may be ensured both by sterilization procedures, supra, and by the

15 inclusion of various antibacterial and antifungal agents, for example, paraben,
chlorobutanol, phenol, sorbic acid, and the like. It may also be desirable to include
isotonic agents, such as sugars, sodium chloride, and the like into the compositions.
In addition, prolonged absorption of the injectable pharmaceutical form may be
brought about by the inclusion of agents which delay absorption such as aluminum

20 monostearate and gelatin.

Regardless of the route of administration selected, the compounds of the present

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

pharmaceutical compositions of the present invention, are formulated into

pharmaceutically acceptable dosage forms by conventional methods known to
25 those of skill in the art.

Actual dosage levels of the active ingredients in the pharmaceutical compositions
of the present invention may be varied so as to obtain an amount of the active
ingredient which is effective to achieve the desired therapeutic response for a
particular patient, composition, and mode of administration, without being toxic to
30 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

the treatment, other drugs, compounds and/or materials used in combination with

(98]
()]

the particular compositions employed, the age, sex, weight, condition, general



exchange and with Cterm nal fused <VEG-> anti body VH CL domains SEQ I D

NG 4 nodified light chain of <VEGF> antibody with CHl-CL exchange (<VEG->
ant i body wob-2GHh4gmaai ns) 25 Description of the Figures BOTHPgaw@ossedi gure 2
Schematic structure of a full length antibody w thout CH4 domain
specifically binding to a first antigem4_-with two pairs of heavy and |ight
chai n which conprise variable and constant domains in a typical order.
Schematic structure of two mispairing possibilities (out of four ) |eading
to an ererrplhaalyh gﬂittipﬁdnr mddityiphisduy bf thedstiengbdihg trgatet Caralf lilkee Bicgpeeielli c,
tetraval ent ;antibody, = 26 - which binds to a first antigen 1 and a second
antigen 2 ar\‘&o\vﬂl ecrﬂeqﬁl%a% Btﬁ’ai ns are exchanged. Figure 3%chematic
structure of a bispecific, tetraval ent antigen binding protein according to
t he i nvent i die-commositiospabsti brystegle and fpid toethebgxtentethate fleaesppasitiaf ISCHL and
CL domain i @efi@é?aﬁ\@aoé'ysﬁfhge.l [10R8di0R O v atdr, THEcARE! PrREFaVI 8 inSB&Bhici cal Iy
bi nds to the second antigen. Figure 4Schematic structure of an exenplary

bi spec? fi c, bulered\palingolution.

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

10 composition.

As used herein, the expressions "cell," "cell line," and "cell culture" are used
interchangeably and all such designations include progeny. Thus, the words
"transformants" and "transformed cells" include the primary subject cell and
cultures derived therefrom without regard for the number of transfers. It is also
15 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.

The term “transformation” as used herein refers to process of transfer of a

20 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 and Van der Eh, Virology 52 (1978)
546ff. However, other methods for introducing DNA into cells such as by nuclear
injection or by protoplast fusion may also be used. If prokaryotic cells or cells

25 - which contain substantial cell wall constructions are used, e.g. one method of
transfection is calcium treatment using calcium chloride as described by Cohen,
S.N, et al., PNAS 69 (1972) 2110-2114.

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

genomic DNA, expression in a eukaryotic cell may include splicing of the mRNA.



antigen binding protein according to the invention wth 10knobs and hol e.
Exanples MWMaterials & general nethods CGeneral information regarding the
nucl eot i dwoeguasmes of human 15 i munogl obul i ns |i ght pamgipb@amyssehai ns i s
given in: Kabat, E. A, et al., Sequences of Proteins of |Imunol ogical
Interest, 5th ed., Public Health Services_ National Institutes of Health,

Bet hesda, MD (1991). Am no acids of antibody chains are nunbered and
referred to according to EU nunbering (Edel man, GM, et al., Proc. Natl.

Acad. Sci . Uspv&a)r( 1395591)0131838@ milebalt, 1nE)aﬂlGulaitseﬁlrepllcsaﬂg!,aﬂ]ﬁ:lels tiahstBirsot ei ns
of 20 I munol o

teres t h ed. bI| i ce. Nat,i onal
Institutes P! &@gfeflﬂ %t%b‘t’&lgF ecys infol: gﬁeegg‘r?ﬁ § 9 t lﬁ\ﬁhpé%ﬂﬁﬁ?ciues
St andar d netvectdss trae fulmdntmmmnllypfmlranwrﬁmﬁ\oﬁd)TdAserM into Saebregk, J. et
al., Ml ecul or rat or
Press, 25 Co?ﬁto? n%ds%ﬂfaf‘gﬂaé bo 81?) Ngév%ﬁow §bor9$llrl1aq fﬁH ecu EI oféggﬁgal Y
reagents ar éeplyétiorae BNA ay Rtl\b‘\,tamé GRRFRSPIQD (vigeters thay ﬁ@ﬁiqurdwscrﬁém

synthesi s D%ﬁﬂ/o?ﬁ-aﬂﬁﬁﬁ)nscﬁgﬂ@m 8F RN 9084 RdIde® IOl dcBR¥ Hiat pRIidaRRAE by
chem cal synt hesi s. &ngene se magt whi ch are fl anked by singul ar

restriction hayenepfdhe fnsaens 4 -sites, are assenbl ed by annealing and
| i gati on of oligonucleotides including PCR arrpl I fication and subsequently
cl oned vi a tAe "exghessidredectest fis af ipolynacleetsdee whickpwhén Sattoducedsintd Racl i nto

a pPCRScri pt traf agene b p ences of
t he subcl oner’r% ngt flfgoaSt r?)glr%t gga(r%g t(%\‘%f%%qé&g traﬁﬁl%%d m%hgc%e%égg A
synt h&@i s fr‘agmmcm ays;em usually refers to a sultable host cell comprised of an

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

The following examples, sequence listing and figures are provided to aid the

understanding of the present invention, the true scope of which is set forth in the

appended claims. It is understood that modifications can be made in the procedures
15 set forth without departing from the spirit of the invention.

Description of the Sequence Listing

SEQ ID NO:1 modified heavy chain of <Ang-2> antibody with C-terminal fused
<Ang-2> antibody VH-CH1 domains

SEQ ID NO:2 unmodified light chain <Ang-2> antibody

20 SEQ ID NO:3 modified heavy chain of <VEGF> antibody with CHI1-CL

exchange and with C-terminal fused <VEGF> antibody VH-CL
domains

SEQ ID NO:4 modified light chain of <VEGF> antibody with CHI-CL
exchange (KVEGF> antibody VL-CH1 domains)

25
Description of the Figures
Figure 1 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
30 constant domains in a typical order.

Figure 2 Schematic structure of two mispairing possibilities (out of
four ) leading to an exemplary undesired byproduct
reducing the yield of a bispecific, tetravalent antibody,



350rdered according to given specifications at Geneart (Regensburg,
Germany). - 27 - DNA sequence determ nati on DNA sequences are determ ned

by doubl ewetansindssequenci ng performed at Medi Genom x Gripdr(dvastoionsses ed,

Ger many) or Sequi serve GrbH (Vaterstetten, Germany). 5DNA and protein
sequence anal ysis and sequence data manggenent The GCG s (Genetics Conputer
G oup, Madi son, Wsconsin) software package version 10.2 and Infomax's
Vect or NT1 Advance suite version 8.0 is used for sequence creation,

mappi ng, anal ysi s, annot ati @yhiaBindb kd!8 firdtanbBen P4Rd QSsetard MeieAnSantOFor

t he expression of the descri.begg%%{)gcif.i c tetraval ent antibodies variants

of expression plasmids for {73 %&?ﬂ%@rgi%ﬂla{@?‘g. i n HEK293 EBNA or

HEK293- F) &g based ei t h&Schematic cBiétuer gdna Zaispezitioy telravalenti hindgen a

o et or o gl B Gin QoaBE A A0 e o ML AIFREET a7
e vectors co

applied. Beside the antibody ex ssion cass e v al red: 15-
an oriyin of replication whiigkmpditedwey thepiepleegment o fCH hiand §lladeindini m E.
coli, and a 13-lactamase gepe WG A@N{ighS @IRsCiok! tk rHRibsdRrNGAiIdN E
coli. The transcription unit of thé antibody gene is conposed of the
fol l owing el enents: uni que SPeadfigallythings teitheyegpndyantiges. 5° end 20- the
i medi ate edqigureanhancer andchRemmid Sttudhire B taACex@iiphity GYIpeiBio el Albs:,

antigen binding protein according to the invention with

10 knobs and hole.

Examples
Materials & general methods

General information regarding the nucleotide sequences of human

15 immunoglobulins light and heavy chains is given in: Kabat, E.A., et al., Sequences
of Proteins of Immunological Interest, Sth ed., Public Health Service, National
Institutes of Health, Bethesda, MD (1991). Amino acids of antibody chains are
numbered and referred to according to EU numbering (Edelman, G.M.,, et al., Proc.
Natl. Acad. Sci. USA 63 (1969) 78-85; Kabat, E.A., et al., Sequences of Proteins of

20 Immunological Interest, 5th ed., Public Health Service, National Institutes of
Health, Bethesda, MD, (1991)).

Recombinant DNA techniques

Standard methods are used to manipulate DNA as described in Sambrook, J. et al.,

Molecular cloning: A laboratory manual; Cold Spring Harbor Laboratory Press,
25 Cold Spring Harbor, New York, 1989. The molecular biological reagents are used

according to the manufacturer's instructions.

Gene synthesis
Desired gene segments are prepared from oligonucleotides made by chemical
synthesis. The gene segments, which are flanked by singular restriction
30 endonuclease cleavage sites, are assembled by annealing and ligation of
oligonucleotides including PCR amplification and subsequently cloned via the
indicated restriction sites e.g. Kpnl/ Sacl or Ascl/Pacl into a pPCRScript
(Stratagene) based pGA4 cloning vector. The DNA sequences of the subcloned
gene fragments are confirmed by DNA sequencing. Gene synthesis fragments are
35 ordered according to given specifications at Geneart (Regensburg, Germany).



followed by the Intron A sequence in the case of the cDNA organi zation, a
5' -untransl ated region of a human anti body gene, a inmunogl obulin heavy

chai n si gwel2omegsmBBCe,
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sequence creation, mapping, analysis, annotation and illustration.

Expression vectors

For the expression of the described bispecific tetravalent antibodies variants of
expression plasmids for transient expression (e.g. in HEK293 EBNA or HEK293-
F) cells based either on a cDNA organization with or without a CMV-Intron A

promoter or on a genomic organization with a CMV promoter are applied.
Beside the antibody expression cassette the vectors contained:

- an origin of replication which allows replication of this plasmid in E. coli,
and
- aB-lactamase gene which confers ampicillin resistance in E. coli.

The transcription unit of the antibody gene is composed of the following elements:

unique restriction site(s) at the 5’ end

- the immediate early enhancer and promoter from the human
cytomegalovirus,

- followed by the Intron A sequence in the case of the cDNA organization,

- a 5’-untranslated region of a human antibody gene,

- aimmunoglobulin heavy chain signal sequence,

- the human bispecific tetravalent antibody chain (wildtype or with domain
exchange) either as cDNA or as genomic organization with an the
immunoglobulin exon-intron organization

- a3 untranslated region with a polyadenylation signal sequence, and

- unique restriction site(s) at the 3’ end.

The fusion genes comprising the described antibody chains as described below are
generated by PCR and/or gene synthesis and assembled with known recombinant
methods and techniques by connection of the according nucleic acid segments e.g.

using unique restriction sites in the respective vectors. The subcloned nucleic acid



Bi specific tetraval ent anti bodi es are expressed by transient
co-transfection of the respective three expression plasmds in adherently
growi ng HE®208yBNA or in 10HEK29-F cells growi ng in SUPCEEPLON/00360

descri bed bel ow. Transient transfections in HEK293- EBNA system Bi specific
tetraval ent anti bodi es are expressed bypgransient co-transfection of the
respective three expression plasmds (e.g. encoding the nodified heavy
chain, as well as the corresponding |ight and nodified |light chain) in
adherently gé@w’na@ a&SvHEKQEbyEBN% aehencingu fon temsreport'ransfeicdmsylargd:rl li ne

293 expressin nB rr-Mrus nucl n ure
col |l ection cﬁ]élg%tgf ?SnA &ére#pr&?&refi%gl} ﬁ@?&p@éﬁgéf@?{]trﬁ |va e%’ in
DVEM ( Dul becob! csltwud(Nu@cbbEagIPeX,sMadthrmNagilbco) suppl emented with 10%
Utra Low 1 gG FCS (fetal calf serum Gbco), 2 mML-G utam ne (G bco), and

250 ptg/ ml 3 Q téH %ﬂ?s For 20 transfection FUGENETM 6 Transfection
Reagent (Rogﬁa ‘%\%ﬁé‘cuf ochem cals) is used in a ratiq of FuC;E%]’IM
are

reagen? (i d)Strertsiam\wll( %gsur%feck}nlﬂuesf afgisedjas dessnbed in GugentyProfeeglsdp

exlotr]I tessesl eriﬁI;o ﬁBbﬁﬁi&&‘dd VS Dassd)iMs Hl@rfd}a JlBWDL@glrfcattlslbhﬁlﬁrtg nmk%ddul ecli fimd
W ype) i C ncodi ng plasnmids o

(equi ol ar) gl\a @H? in@%f"{'@ YZ‘Q?TX I gz&%@l vely. Cells are feeded at
25 day 3 vvith L-Jutam ne ad 4 nV Gucose [ Sigma] and NAA [ G bco].

Bi speci fi c tRispesifd enhvalerti dntidbpdico ntaexpragyed byl tranglenti ce-tmnplectien ahthe are
harvested frQ ft@\y ?n'éee es@fo‘h ladrhiA9 5 & ﬁéré}gleb%b Wi} HEK9LEBRASHSt Or ed

at -20C. Gene ormation r gar |ngt e t expression of human
i munbdl obulHEKS29-R celly) groming gBsuspension as dg bglowyei ssner, P., et al.
Bi ot echnol . Bi oeng. 75 (2001) 197-203. 30Tr anS| ent transfecti ons in
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to 11 after transfection by centrifugation and stored at -20°C. General information
regarding the recombinant expression of human immunoglobulins in e.g. HEK293
cells is given in: Meissner, P., et al., Biotechnol. Bioeng. 75 (2001) 197-203.

30 Transient transfections in HEK293-F system
Alternatively, bispecific tetravalent antibodies are generated by transient
transfection of the respective plasmids (e.g. encoding the modified heavy chain, as
well as the corresponding light and modified light chain) using the HEK293-F
system (Invitrogen) according to the manufacturer’s instruction. Briefly, HEK293-



The protein concentration of purified bispecific tetraval ent anti bodi es and
derivatives is determned by determning the optical density (OD) at 280
nm usi ngwbheilomabas extincti on coefficient cal cul ated orcrimr2@si®c0f t he
am no aci d sequence according to Pace, C N, et al., Protein Science, 1995,
4, 2411-1423. 20Anti body concentration.gigterm nation in supernatants The
concentration of bispecific tetravalent antibodies in cell culture
supernatants is estimated by i mmunoprecipitation with Protein A
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-31 - for subsequent protein analytics and anal ytical characterization e.g.
by SDS- PAGE, size exclusion chromatography or nmass spectronetry. SDS-PAGE
The NuPAGEOR)10Asr98ast gel system (Invitrogen) is used actmpdingoiseothe 5
manuf acturer's instruction. In particular, 10% or 4-12% NuPAGEO Novexe
BisTRIS Pre-Cast gels (pH 6.4) and a NuAGE(r) MES (reduced gels, with
NuPAGEO Anti oxi dant running buffer additive) or MOPS (non-reduced gels)
running buffer is used. Analytical size exclusion chromatography 10Si ze
excl usi on cimheEBhaarapsy of bispddific ttetaeslshtatibodieotn ddlleciA@es agatriatamtaizd

oligoneric state of bispecific teira t .anti bodi LS. f by HPLC
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mass of the bispecific tetraval ent antibodies.is determ ned_20 an
confirmed vidHamHEd: PoH&pY &i?squa%n%a&ﬂ#dﬁt%%ns%feeqakmﬂsr yh PEfie g efly,
100 ps puri fig@U antibddyaeied asastandadycosyl ated with 50 nJ N-d ycosi dase F
(PNGaseF, Prozyne) in 100 mM KH2PO4/ K2ZHPO4, pH 7 at 37C for 12-24 h at a

protein con tration,of u ent. I ia HPLC
on a Sephadg(i& WS%I’ 6%%%@@%%“%%%%3%%%%&9 ﬁ%gﬂg{ %\‘L”Ib%;#eggﬁlgsczﬂzg%l ?H\l/%
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tetraval ent antibody in 115 pil are incubated with 60 |l 1M TCEP and 50
pt1 8 M Guamldveld- higipyiisdoantidvuanass date septyredaaleedls. Fiabe)r btk nddls and
the mass of (Dot Hoataed Laeal oG dtirgbrh telgerature dr drérantivatedvar mighiSit- MS on

E O 3 LG B SRR BRE i o ST IBY B RODHERC o 6 1o
eval ubf ed i fPBAT, Sigma). 100 pL/well of a dilution series in PBS (Sigma) of the respective
antibody containing cell culture supernatants is added to the wells and incubated
for 1-2 h on a microtiterplate shaker at room temperature. The wells are washed
three times with 200 puL/well PBST and bound antibody is detected with 100 pl
F(ab‘)2<hFcy>POD (Dianova) at 0.1 pg/mL as detection antibody for 1-2 h on a
20 microtiterplate shaker at room temperature. Unbound detection antibody is washed
away three times with 200 pL/well PBST and the bound detection antibody is
detected by addition of 100 uLL ABTS/well. Determination of absorbance is
performed on a Tecan Fluor Spectrometer at a measurement wavelength of 405 nm

(reference wavelength 492 nm).

25 Protein purification
Proteins are purified from filtered cell culture supernatants referring to standard
protocols. In brief, bispecific tetravalent antibodies are applied to a Protein A
Sepharose column (GE healthcare) and washed with PBS. Elution of bispecific
tetravalent antibodies is achieved at pH 2.8 followed by immediate neutralization

30 of the sample. Aggregated protein is separated from monomeric antibodies by size
exclusion chromatography (Superdex 200, GE Healthcare) in PBS or in 20 mM
Histidine, 150 mM NaCl pH 6.0. Monomeric fractions are pooled, concentrated if
required using e.g. a MILLIPORE Amicon Ultra (30 MWCO) -centrifugal

concentrator, frozen and stored at -20°C or -80°C. Part of the samples are provided



ELI SA assay with full-length VEGF165-H s protein (R& Systens). For this
sake Fal con pol ystyrene clear enhanced mcrotiter plates are coated with
100 pil Ayvo20d2145798s/ mL reconbi nant human VEGF165 (R&D Py sirea®i/ob3zedBS f or
2 h at roomtenperature or over night at 4C The wells are washed three
times with 300R1L PBST (0, 2% Tween 20) agd_bl ocked with 200 pl 2% BSA 0, 1%
Tween 20 for 30 mn at roomtenperature and subsequently washed three tines
with 300p1 PBST. 5 100 [tL/well of a dilution series of the purified

bi speci fic tfef subdejueht protdin BRIVtRS andl aRBSti¢aPichamptetisatided HySDHPAGE] s and

i ncubated for 1 h on a m'crotitergl ate shaker at roomtenperature. The

wel |'s are waSEHCHRo8&qmAleeaphy,Or3g8y BEEPIYD206 Tween 20) and bound
antibody is detected with 100 pL/well 0.1 pg/m F(ab ) <hFcgamra>PCD

(I mmuno resERAGIE 2% BSA 0, 1% Tween 20 as detection 10 antibody for 1 h

on a m crotiger t a o] . d i9n ti bod
'S mashod oty NPACEORER.CA BOORGHD Ohfidply 10 IRKICablal 81 uRT DodY
ant i bodly i s mwEctwer pynsiyetien.da particub, 10% osErEl aNyPAGERNaved® iRitr of
absolrbantCﬁ imlgglpwcaﬁd gf@l@ fpH e6.an di}duqr tlxﬁmh 43}}5@@4}% @édge%r?gﬁw mré_t y
wavel en mi((rererence wav . n . I, Ndl.Ng. I neti Cc
char act gri zﬁ‘fpd%ég@ OE@X’SP%F‘HEI% %ggn@gﬂgdlgﬁéf 8’?&5\493) SEWH'rF‘é%‘i?Hag@

(Bi acore) | numiggbuffer i usddaer corroborate the ELI SA findings the binding of
the bispecific tetravalent antibodies to VEGF is quantitatively anal yzed

usi ng surfac r on a Biacore T100 i nstrunent
accordi ng tﬁﬁ%@%ﬁgﬁgﬁgma%ﬁﬁéﬁﬁﬁg%%d anal yzed using the T100
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capture antibody is imobilized by am no _cqupling using standard_am no
coupl i ng as REAMFBAraPIR IRt f Proféln A vegified arrwhﬁs%ﬁg aﬁ%fap@lﬂ?dn @i Tesdhon i s
done by m XtTEKEedG3BOCK WHEDIWhinhint 300 @MYNaCOL, 50 mRS KHZBOMIKAEIPO4, pID7.5700 RU.

The Capture-Anti pody, i { d jn couplin uffer Ac H 5 = 2
it 11y A HRLG LHIES sl O SRt o S GBI Y haFLE Fon o
1 M Elthanol &k BS CaptaiDiorgxoHPBLCs$ysténf.i The etuted, ptagein is\fE@Rtfiehbyblddi es i s
done at a fl ] = j g ngj uffer + 1
o L s, AosbrBincd i holrAfh 6 ped®alihl. Blodhilel (MRl (IS 50
(rhVEGF, R&D8) serwpdagmstanda@gd. 293-VE) is used as analyte. The kinetic

characterization of VEGF binding to bispecific tetraval ent <VEG>
anti bodi es iMagapbeoméngt 25C or 37C in PBS + 0.005 % (v/v) Tween20 as

runni ng buffer. TE& anple. i.s inj teéiwig? a flow of .50 .pt/mn and an
ssoci at i on G RhEeaf Ryt s H<Rabiclt Brevis Hproqu o defrdited”s
conced@rati _cand senfiseediar plvafﬁpfa}o'mn&ﬁﬂﬁﬁ) mas@.sﬁ@ctrdbﬂxetﬁe@ieM&t).i Bnefdy, free
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contact tinme_ of sec after each and yte Ia/cle. Inetic
(PNGaseF, ProZyme) in 100 mM KH2PO4/K2HPO4, pH 7 at 37°C for 12-24 h at
a protein concentration of up to 2 mg/ml and subsequently desalted via HPLC on a
Sephadex G25 column (GE Healthcare). The mass of the respective modified
25 heavy, light chain and modified light chain is determined by ESI-MS after
deglycosylation and reduction. In brief, 50 ug bispecific tetravalent antibody in 115
pl are incubated with 60 ul 1M TCEP and 50 pl 8 M Guanidine-hydrochloride
subsequently desalted. The total mass and the mass of the reduced heavy and light
chains is determined via ESI-MS on a Q-Star Elite MS system equipped with a

30 NanoMate source.

VEGTF binding ELISA
The binding properties of the bispecific tetravalent antibodies is evaluated in an
ELISA assay with full-length VEGF165-His protein (R&D Systems). For this sake

Falcon polystyrene clear enhanced microtiter plates are coated with 100 pl 2



- 33 - constants are cal cul ated by using the usual double referencing

nmet hod (control reference: binding of rhVEGF to capture nol ecul e Goat Anti
Human | gGvokbemies7een t he measuring flow cell, rhVEGF comrcempre@bioosss) 0",
Model : Langnuir binding 1:1, (Rmax set to | ocal because of capture nol ecul e
bi ndi ng). 5Ang-2 binding ELI SA The bi ndgng properties of the bispecific
tetraval ent antibodies is evaluated in an ELI SA assay with full-length
Ang-2-Hi s protein (R& Systens). For this sake Fal con pol ystyrene cl ear
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coupl pfig ( B3fxahd aRehsifys €€ 7061 RW) The Capture-Antibody is diluted in couplmg buffer
NaAc, pH 5.0, ¢ = 2 pg/mL, finally still activated carboxyl groups are blocked by
injection of 1 M Ethanolamine. Capturing of bispecific tetravalent <VEGF>
antibodies is done at a flow of 5 uL/min and ¢ = 10 nM, diluted with running buffer
+ 1 mg/mL BSA; a capture level of approx. 30 RU should be reached. thVEGF
30 (thVEGF, R&D-Systems Cat.-No, 293-VE) is used as analyte. The Kkinetic
characterization of VEGF binding to bispecific tetravalent <VEGF> antibodies is
performed at 25°C or 37°C in PBS + 0.005 % (v/v) Tween20 as running buffer.
The sample is injected with a flow of 50 pL/min and an association of time 80 sec.
and a dissociation time of 1200 sec with a concentration series of thVEGF from
35 300 - 0.29 nM. Regeneration of free capture antibody surface is performed with 10

mM Glycin pH 1.5 and a contact time of 60 sec after each analyte cycle. Kinetic



Ang- 2- VEGF bridgi ng ELI SA The bi nding properties of the bispecific

tetraval ent antibodies is evaluated in an ELI SA assay with i mmobilized
full-1engwb 2viB@HIB3-Hi s protein (R&D Systens) 10 and humam/Ekegodeide
protein (R&D Systens) for detection of bound bispecific anti body. Only a

bi specific tetraval ent <VEG-- Ang-2> antgdbody is able to o bind

simul taneously to VEGF and Ang-2 and thus bridge the two anti gens whereas
nonospeci fic "standard" 1gGlL anti bodies is not be capable of simultaneously
bi ndi ng to \‘bffaitndirdregicRladdi byinsing) the hiskalr doutile refekencirel methodo(cystrglr ene
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oo e Ca ke L0 Lt AL L O i, <~
of 1 RS Et hamatfacd psmbn gastthance using a BIACORE T100 instrument (GE Healthcare
Biosciences AB, Uppsala, Sweden). Briefly, for affinity measurements goat<hlgG-
Fcy> polyclonal antibodies are immobilized on a CMS chip via amine coupling for
presentation of the bispecific tetravalent antibodies against human Ang-2. Binding
is measured in HBS buffer (HBS-P (10 mM HEPES, 150 mM NaCl, 0.005%
30 Tween 20, ph 7.4), 25°C. Purified Ang-2-His (R&D systems or in house purified)
is added in various concentrations in solution. Association is measured by an Ang-
2-injection of 3 minutes; dissociation is measured by washing the chip surface with
HBS buffer for 3 minutes and a KD value is estimated using a 1:1 Langmuir
binding model. Due to heterogenity of the Ang-2 preparation no 1:1 binding can be

35 observed; KD values are thus only relative estimations. Negative control data (e.g.



15 densities of 5000 and 17000 RU are tested. Ang-2 with a concentration of
500 nMis captured by the PentaHi s-Ab at a flow of 5 pt/mn diluted with
runni ng bwbfero/tsd3ng/ n BSA. Subsequently, <Ang-2, VEGpeThiP3peniisce
tetraval ent antibody binding to Ang-2 and to VEGF is denonstrated by

i ncubation with rhVEG-F and formation of3@. sandwi ch conpl ex. For this sake,
the bispecific tetraval ent <VEG-- 20 Ang-2> antibody is bound to Ang-2 at a
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1:2000 Streptavidin-POD  conjugate (Roche Diagnostics GmbH, Cat.
30 No.11089153) 1:4 diluted in blocking buffer for 1h at room temperature. Unbound
Streptavidin-POD conjugate is washed away with three-six times 300ul PBST
(0,2% Tween 20) and bound Strepatavidin-POD conjugate is detected by addition
of 100 uL ABTS/well. Determination of absorbance is performed on a Tecan Fluor
Spectrometer at a measurement wavelength of 405 nm (reference wavelength 492
35 nm).



25 transferred directly into a p-Tie2 ELISA mcrotiter plate (R& Systens,
R&D #DY990) wi t hout previous centrifugation and without total protein

det er m navo@oio/Bs7B3e2 anounts are quantified accordi ng tPOTIHP2010/003560

manuf acturer's instructions and |1 C50 values for inhibition are determ ned
using XLfit4 analysis plug-in for Excel3§Dose-response one site, nodel
205). 1C50 val ues can be conpared within on 30experinent but m ght vary
fromexperinment to experinment. VEGF i nduced HUVEC proliferation assay VEG-
i nduced HUVESerhdhbtBatiodndTisirhaRhndbaisbifdielg tolf ®ispatificetdravalBlitamiteldy #C-  12200)
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t he knob sequence (T3§6V% and SEQ? contain ol e sequences T366S,

s e. g,.the_h
L368A and YAOTMALos qfid sandwich sempligx; San@éw%stb%bweecﬂ@gf%ée 35YEGH49 C
respegti vel YAdgo2# @ntibodlysit 8bund & Agg-di 4 Wl fidwlof BO indgainig@a concentration of

100 nM, diluted with running buffer + 1 mg/mL BSA and simultaneous binding is
detected by incubation with VEGF (thVEGF, R&D-Systems Cat.-No, 293-VE) in
PBS + 0.005 % (v/v) Tween20 running buffer at a flow of 50 pL/min and a VEGF
concentration of 150 nM. Association time 120 sec, dissociation time 1200 sec.

25 Regeneration is done after each cycle at a flow of 50 pL/min with 2 x 10 mM
Glycin pH 2.0 and a contact time of 60 sec. Sensorgrams are corrected using the
usual double referencing (control reference: binding of bispecific antibody and
rhVEGEF to capture molecule PentaHisAb). Blanks for each Ab are measured with
rhVEGF concentration “0”.

30 Generation of HEK293-Tie2 cell line
In order to determine the interference of <Ang-2, VEGF> bispecific tetravalent
antibodies with Ang-2 stimulated Tie2 phosphorylation and binding of Ang-2 to
Tie2 on cells a recombinant HEK293-Tie cell line was generated. Briefly, a
pcDNA3 based plasmid (RB22-pcDNA3 Topo hTie2) coding for full-length human
35 Tie2 under control of a CMV promoter and a Neomycin resistance marker was

transfected using Fugene (Roche Applied Science) as transfection reagent into



25 heterodinmerization. In order to obtain the bispecific, tetraval ent
antigen binding protein according to the invention this heavy chain

const r uctwoans/asrexpressed with plasm ds codi ng for thecrappeoiovsseo | i ght
chain of the Ang-2 anti body (SEQ) and a VL-CHl domain fusion recognizing
VEG-- A (SEQ4). A general schenme of the_ggspective bispecific, tetravalent
antigen binding protein with knobs-into-holes 30nodification is given in
Fig. 4. The bispecific, tetraval ent antigen binding protein was generated
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Ang-2 induced Tie2 phosphorylation assay
Inhibition of Ang-2 induced Tie2 phosphorylation by <Ang-2, VEGF> bispecific
tetravalent antibodies is measured according to the following assay principle.
10 HEK?293-Tie2 clone22 is stimulated with Ang-2 for 5 minutes in the absence or
presence of Ang-2 antibody and P-Tie2 is quantified by a sandwich ELISA.
Briefly, 2x105 HEK293-Tie2 clone 22 cells per well are grown over night on a
Poly-D-Lysine coated 96 well- microtiter plate in 100ul DMEM, 10% FCS, 500
pg/ml Geneticin. The next day a titration row of <Ang-2, VEGF> bispecific
15 tetravalent antibodies is prepared in a microtiter plate (4-fold concentrated, 75pl
final volume/well, duplicates) and mixed with 75pl of an Ang-2 (R&D systems #
623-AN] dilution (3.2 pg/ml as 4-fold concentrated solution). Antibodies and Ang-
2 are pre-incubated for 15 min at room temperature. 100 pl of the mix are added to
the HEK293-Tie2 clone 22 cells (pre-incubated for 5 min with 1 mM NaV304,
20 Sigma #S6508) and incubated for 5 min at 37°C. Subsequently, cells are washed
with 200ul ice-cold PBS + 1mM NaV304 per well and lysed by addition of 120ul
lysis buffer (20 mM Tris, pH 8.0, 137 mM NaCl, 1% NP-40, 10% glycerol, 2mM
EDTA, 1 mM NaV304, 1 mM PMSF and 10 pg/ml Aprotinin) per well on ice.
Cells are lysed for 30 min at 4°C on a microtiter plate shaker and 100 pl lysate are
25 transferred directly into a p-Tie2 ELISA microtiter plate (R&D Systems, R&D
#DY990) without previous centrifugation and without total protein determination.
P-Tie2 amounts are quantified according to the manufacturer’s instructions and
IC50 values for inhibition are determined using XLfit4 analysis plug-in for Excel
(Dose-response one site, model 205). IC50 values can be compared within on

30 experiment but might vary from experiment to experiment.

VEGF induced HUVEC proliferation assay

VEGF induced HUVEC (Human Umbilical Vein Endothelial Cells, Promocell #C-

12200) proliferation is chosen to measure the cellular function of <Ang-2, VEGF>

bispecific tetravalent antibodies. Briefly, 5000 HUVEC cells (low passage number,
35 <5 passages) per 96 well are incubated in 100pl starvation medium (EBM-2



These data show that the bispecific, tetraval ent antigen binding protein
can be 5produced in good yields and is stable. Subsequently binding to
Ang- 2 andwpBGH/Asas wel | as simultaneous binding was stwedirap2iny/obkdst&A and
Bi acore assays descri bed above and functional properties such as inhibition
of Tie2 phosphorylation and inhibition pf- VEGF i nduced HUVEC proliferation
are anal yzed showi ng that the generated bispecific 10tetraval ent anti body
is able to bind to Ang-2 and VEG-- A and bl ock their activity
El mul ta][l_eouEhyotheMﬂ) 20441 140¢HIRCT/EP2PAM@eB566 - C3Z211Pat@hte CEISs 1. A
I specific, ptetn n e i B | dified
heavy chain S?ICIIﬁ?e%t?%]ptt%rﬁyélgg)d& gv\,ﬁﬁ%%qslp%o%ie?l l?%@gétn%éslfh%e q)QG;J‘}ngﬁ
anti gen, 5andcmutanmla¢¢1(@t#é61414%/33iﬁﬂOmmmIgbtaWrﬁnapﬂn@amﬁwr@rﬁﬁl@n&he

VH-CHL donai n@'E@fFﬁlﬁbﬁc ﬂcr éﬁa@ﬂédt%g%cﬁf ﬁefnﬁ§€(ﬂw‘{th§hVE@Ff(3U‘ Jil Ak b)

two light chains of saild first antib eavy chain of
a second antPmsayationi BR hed3¥l0ék 4”>¢ mr?ra?u @e‘i g‘%cggdmdﬂ‘ft%e'ﬁ 9@ her ei n
the CHL domgdmipdrstufes Hubsfheityy,tthe hix Hoadicd tofthe HUVEEroelth and they are

incubated for 72 h at 37°C, 5% CO2. On the day of analysis the plate is
equilibrated to room temperature for 30 min and cell viability/proliferation is
determined using the CellTiter-GloTM Luminescent Cell Viability Assay kit
10 according to the manual (Promega, # G7571/2/3). Luminescence is determined in a

spectrophotometer.

Example 1
Production, expression, purification and characterization of a bispecific,

tetravalent antigen binding protein recognizing Ang-2 and VEGF-A

15 In a first example a bispecific, tetravalent antigen binding protein recognizing Ang-
2 and VEGF-A is made by fusing via a (G4S)4-connector a VH-CH1 domain
fusion of an antibody recognizing Ang-2 to the C-terminus of the heavy chain of
said antibody recognizing Ang-2 (SEQ1); and by fusing via a (G4S)4-connector a
VH-CL domain fusion of an antibody recognizing VEGF-A to the C-terminus of

20 the heavy chain of a CH1-CL exchange antibody recognizing VEGF (SEQ3). In
order to induce heterodimerization of the two respective heavy chains SEQ 1
contains e.g. the knob sequence (T366W) and SEQ2 contains e.g. the hole
sequences T366S, L368A and Y407V as well as two introduced Cysteine residues
S354C/Y349°C respectively to form a stabilizing disulfide bridge upon

25 heterodimerization. In order to obtain the bispecific, tetravalent antigen binding
protein according to the invention this heavy chain constructs are co-expressed
with plasmids coding for the respective light chain of the Ang-2 antibody (SEQ2)
and a VL-CH1 domain fusion recognizing VEGF-A (SEQ4). A general scheme of
the respective bispecific, tetravalent antigen binding protein with knobs-into-holes

30 modification is given in Fig. 4.

The bispecific, tetravalent antigen binding protein was generated as described in
the general methods section by classical molecular biology techniques and is
expressed transiently in HEK293F cells as described above. Subsequently, it is
purified from the supernatant by a combination of Protein A affinity
35 chromatography and size exclusion chromatography. The obtained product was



anti body and to which C-term nus of said heavy chain additionally the VH CL
domai ns of said second antibody are fused via their N-term nus; and d) two
nodi fi ed woghto/abasns of said second anti body of c), 15waemeRenoiobsseCL
domain is replaced by the CHL domain of said second anti body. 2. The antigen
bi nding protein according to claiml1, chgaracterized in that the CH3 domain
of the nodified heavy chain of the antibody of a) and the CH3 20 donai n of
the nodified heavy chain of the antibody of c) each neet at an interface
whi ch conpr ichaacterizet f@i idedtity yembscepebrdmetey ahd enaliyticdd quiypediis siateasns;
wherein said i.nter I Swal t [ the formation of the

bi specific, ptugp)f%/%ﬁgg%&éﬁtrlnagéﬁ% %Ogﬁt%éggar)(%t %L}h , Wherein the alteration is
char act er i zeg—n—25that—t—the—CcH3—dermatn—of —ene—heavychar—s—alt er ed,
so that wi thi expiessioni|giurificationer f ace t he CH3 domain of one heavy chain
that neets tl T}i]tgrigi ngi— Tnterface of the CH3 domain of the ot her nepvy
chain wi thin|tIH€r bi spec) fi) t al ent anti - ndi {n, | 40 -
posi tionabl e|[pg/mlfavi ?;1&1\1/\;1\’1{]%%{%5? \é [ nterfatclzlgglg)%el?é?%mgl Iﬁé&r&a@n of the

ot her heavy c¢hagrn—and ci t

] ili )7 th B—domainoff the other heavy chai m
al tered, 5solffat withilf: f‘HéiaLng_naJ_i_aLarﬁgc{Z_of_t_he_seegnd_CHS—donai n

that meets the original interface of the first CH3 domain within the
bi speci fic, "Ith%tser %\éf%l ﬁl%tw nattltgg rl')is%e(r:]i%lc,n get&rvglteﬁ{ Qntigen binding protein can be

5 produced in good yields and is stable.
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Subsequently binding to Ang-2 and VEGF-A as well as simultaneous binding was
studied by ELISA and Biacore assays described above and functional properties
such as inhibition of Tie2 phosphorylation and inhibition of VEGF induced
HUVEC proliferation are analyzed showing that the generated bispecific
10 tetravalent antibody is able to bind to Ang-2 and VEGF-A and block their activity

simultaneously.



an amno acid residue is replaced with an am no acid residue having a

smal | er side chain volune, thereby generating a cavity within the

10i nt er f awe 20fo/ub@3second CH3 domai n wi t hin which a protolvarano®ossse hi n t he
interface of the first CH3 domain is positionable. 3. The antigen binding
protein according to claim2, charactersged in that the said am no acid
resi due having a larger side chain volune is selected fromthe group
consisting of arginine (R), phenylalanine (F), tyrosine (Y), 15tryptophan
(W and said ami no acid residue hawatgneChiimk| er side chain volunme is
selected fromthe group consisting of alanine (A), serine (S), threonine

char acteri sda | i OiaferBo ROy, Ryleh Bdthobidn TR 05 £, 00 © 7 7

i ntroduction of cysteine (C{1 as anmno acid in the correspondi ng positions
of each CH3 dom@)n gueedifinhheayydhain afiadfarstantiggdy.bet ween bot h CH3 donai ns
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¢) amodified heavy chain of a second antibody,
which specifically binds to a second antigen,
10 wherein the CH1 domain is replaced by the CL domain of said second
antibody and to which C-terminus of said heavy chain additionally the
VH-CL domains of said second antibody are fused via their N-
terminus; and
d) two modified light chains of said second antibody of c),
15 wherein the CL domain is replaced by the CH1 domain of said second

antibody.

2.  The antigen binding protein according to claim 1, characterized in that the

CH3 domain of the modified heavy chain of the antibody of a) and the CH3

20 domain of the modified heavy chain of the antibody of c) 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 bispecific,

tetravalent antigen binding protein, wherein the alteration is characterized in

25 that:
i) 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 bispecific, tetravalent antigen binding protein,
30 an amino acid residue is replaced with an amino acid residue having a

larger side chain volume, thereby generating a protuberance within
the interface of the CH3 domain of one heavy chain which is



c)recovering said antigen binding protein nolecule fromsaid culture. - 41

- 6. A host cell conprising the vectors according to claim5. 7. A

phar macewvoealo/@asnposi ti on conprising the bispecific, tetraradentssanti gen

bi nding protein according to clainmns 1 to 4 and at | east one

pharmaceutical |y acceptabl e excipient._g8. The bispecific, tetraval ent

antigen binding protein according to clains 1 to 4 for the treatnent of

cancer. 9. Use of the bispecific, tetraval ent antigen binding protein

according to clains botitiodatle©m 4 &wevityanttiachidintrate af e GHRd@NAInfodthd he

treatment of cancer. 1g. A(%gthod for the treatnent of a patient in need
BeL fegyy

of therapy, char act e Hﬁninistering to the patient a

therapeutically effective amount of a bispecific, tetraval ent antigen
bi nding protein accorddng to clains 1 to 4.

i) the CH3 domain of the other heavy chain is altered,

5 so that within the original interface of the second CH3 domain that
meets the original interface of the first CH3 domain within the

bispecific, tetravalent antigen binding protein,

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

within the interface of the first CH3 domain is positionable.

3. The antigen binding protein according to claim 2, characterized in that
the said amino acid residue having a larger side chain volume is selected
from the group consisting of arginine (R), phenylalanine (F), tyrosine (Y),
15 tryptophan (W) and
said amino acid residue having a smaller side chain volume is selected from

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

4, The antigen binding protein according to claims 2 or 3, characterized in that
20 both CH3 domains are further altered by the 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.

5. A method for the preparation of a bispecific, tetravalent antigen binding

25 protein according to claims 1 to 4, comprising the steps of

a) transforming a host cell with vectors comprising nucleic acid molecules
encoding
a bispecific, tetravalent antigen binding protein according to claims 1 to
4
30 b) culturing the host cell under conditions that allow synthesis of said
antigen binding protein molecule; and

¢) recovering said antigen binding protein molecule from said culture.



10

WO 2010/145793 PCT/EP2010/003560

10.
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A host cell comprising the vectors according to claim 5.

A pharmaceutical composition comprising the bispecific, tetravalent antigen
binding protein according to claims 1 to 4 and at least one pharmaceutically

acceptable excipient.

The bispecific, tetravalent antigen binding protein according to claims 1 to 4

for the treatment of cancer.

Use of the bispecific, tetravalent antigen binding protein according to claims

1 to 4 for the manufacture of a medicament for the treatment of cancer.

A method for the treatment of a patient in need of therapy, characterized by
administering to the patient a therapeutically effective amount of a bispecific,

tetravalent antigen binding protein according to claims 1 to 4.



