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 Engi 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 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 nt 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 tilgenéinh i lelaths toobispetific) cttuavaldnit gpstigery Bindimd= pratgi@s,or |1 gM
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two or nore aafibodjesaend hspsdhereetn devel oped (Hol liger, P., et. al, Nature

Bi otech 23 (2005) 1126-1 136; Fischer, N., and Leger, O, Pathobiology 74

(2007) 3- 14;BacheFounit of tk In®ntiond - | mMunol . Met hods 318 (2007) 65-74; Wi,
C, et al., Nature %lotecﬁ. 25 (2007) 1290-1297). Al such formats use
linkers either.to fuse the anti hody core (LgA I | gE,, .| or,. | to a
urthes bi ndEeBg TR pest as iyt Btar H antibles cfanie b Piinedies o
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t hese forei gechpmgyes.des might elicit an i mune response against the |inker

itself or the junction between the protein and the linker. Further nore,
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ant i bodi es. Biotech. 25 (2007) 1233-1234.

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

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

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

1126-1136; Fischer, N., 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



Thus ideally, one should aimat devel oping bispecific antibodies that are
very simlar in general structure to naturally occurring antibodies (like
| gA, | gD,wbgbio/l4g@3or I gM with mninal deviation from rgmar260m0E8€es. | n
one approach bispecific antibodies that are very simlar to natural

ant i bodi es have been produced using thepquadroma technol ogy (see M| stein,
C, and Cuello, A C., Nature 305 (1983) 537-540) based on the somatic
fusion of two different hybridoma cell |ines expressing murine nonocl onal
anti bodi es ‘ahfibodyhdepdaddnt eelhdmecytbtoricity ¢ADTC), ndidhi apenediated dmdbugiothe.
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SOphI sticated purification, proced ures are requi red (see e. rrison,
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aci ds vmthl Ins were introduced into the other CH3 domain, to
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two CH3 do age y ap roac e I nt ction of a
di sul 15 de brsopllgetha@dslo ldatige er@dW@ﬁ areotiarsed (sererg Merrisom, JL-,dYatyre, |

Nat ure Bi ot Bteg:lq3 (239 7 7172‘3681@34 t Weldenerst ,th@tsaﬁ{e roblem Mot -miBp&ted 270
(1997) 26- 35) &?)}))ag hes )A\he énobs i nt.o- hol gs t echnol ogdy)/ are

descri bed i r?YEer‘“C‘iSﬁerEPmi‘ Q?Wﬁ@gm}ilexl’ﬁil%ffﬁ HFSA P YP%fat appears very
attractive, no data describing progression towards the clinic are currently
avai | abl e. Queapprpash @rdircomveht thie proldém of mispaired byproducts, which is known

as ‘knobs-into-holes’, aims at forcing the pairing of two different antibody heavy
20 chains by introducing mutations into the CH3 domains to modify the contact
interface. On one chain bulky amino acids were replaced by amino acids with short
side chains to create a ‘hole’. Conversely, amino acids with large side chains were
introduced into the other CH3 domain, to create a ‘knob’. By coexpressing these
two heavy chains (and two identical light chains, which have to be appropriate for
25 both heavy chains), high yields of heterodimer formation (‘knob-hole’) versus
homodimer formation (‘hole-hole’ or ‘knob-knob’) was observed (Ridgway, J.B.,
et al., Protein Eng. 9 (1996) 617-621; and WO 96/027011). The percentage of
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



this strategy is that the light chains of the two parent antibodi es have to
be identicalto prevent mspairing and formati on of inactive nol ecules. Thus
t hi s t echwoqum/i4s7osot appropriate for easily devel opi ngpPCcemEpPRioNsHH(

bi specific anti bodi es against two antigens starting fromtw anti bodies
against the first and the second antigen,. as either the heavy chai ns of
these anti bodies an/or the identical |ight chains have to be optim zed. The
sanme problem of mspairing remai ns when instead of bival ent, bispecific
ant i bodi es, tb pravanamisphiritigspricfoimatiemdt hadiiesmateeulex pTiesstats ©clniqixy isf usi on

of additional , Fab fr. nts (each.identical.to the Fab fr . t.he
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mul ti pur pose antl bggiy rivatives. Morrison, S.L,, et al"the J. Immunol og,
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i nventi on conpr,i ses ispecific, tetraval en i gen bin rotein,
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speci fi cal | yauntibsdisbihding tb ifirsit oraset rgleanti ganmdtot cachviheay ¢haireCrtemomusebf dai d
heavy chai n,addi{.ional | y-. VH CH domains of said first antibody are
fused via tﬁlgfjerré%{ﬁ%%?%e#dé??b) two |ight chains of said first antibody of
a); c) a nodified heavy chain of a second antibody, which specifically
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wher ei n t he dohmatioeshBngesor thp famtidnslypropeti€sdf Igomai n of sai d second

anti body. A further enbodiment of the invention is a nmethod for the

preparation fmlgn (r)lH' qﬂvpt%ﬂ ng protein according to the invention

conpri sing sformng a host cell with- vectors

conprising nucleic acid nol ecul es encoding a bispecific antigen )
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



bi nding protein according to the invention b) culturing the host cell under
conditions that allow synthesis of said antibody nol ecul e; and c)

recover i ngoaiodi4anti body nol ecul e from said culture. A PariErPesioendzedi ment
of the invention is a host cell conprising - vectors conprising nucleic

aci d nol ecul es encodi ng an anti gen bindigng protein according to the

i nvention A further enbodi nent of the invention is a pharnmaceuti cal
conposition conprising an antigen binding protein according to the

i nventi on and- atvet®@astongprisingaudiec ecitlinodedujesancedihg blbispexificantgén A furt her
enbodi ment of the j.nventi.on is.a methaod for the treatnment of a patient in
need of therapy,bl%dﬁrﬁﬁr@%eél?fiﬁcéﬁdl%t%E r?‘il%\l'esnt%grrli ng to the patient a

t her apeut i cdl) kylteirfgtbe hogt cglinnder whdisions tiat gdow byntbieshgoimait asitibody cor di ng t o
the invention  Acqp-dhgpg to the invention, the ratio of a desired

bi specific, tetraval’ent antigen binding protein conpared to undesired side
produc? s caﬁ)b@OVW&ﬁ?éHafﬁgbogM@qlwlea@Wtd @Htufhe CH with CL domain in
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a bi speci fi q)halt,ﬁgcre_aﬂ@du Nlec _éﬂlgeibipiieﬂtdi ng prot ein, c_orr_pri si ng: _ a) a

nodi fied heavy chain of a first antibody, which specifically binds to a
first antige nd t ich C.term nus.of said, heavy chai ditionally the
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second anti gen,

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);



wherein the CH domain is replaced by the CL domain of said second anti body
and to which C-term nus of said heavy chain additionally the VH CL domains
of said swoeot/@astosbody are fused via a peptide connect ecTiEP28108003560

N-term nus; and d) two nodified |ight chains of said second antibody of c),
wherein the CL domain is replaced by thg_ CH donmain of said second

anti body. According to the invention, the ratio of a desired bispecific,
tetraval ent antigen binding protein conpared to undesired side products
(due to m spybmdugfiaf hdahe chaighif acbeindaindbodyhe anti body with the wong

anti body heav ai ns. ove the repl acenent of the CH wth
CL domain in M‘éq}ﬁ?ﬁfﬁcglgy'ﬁlé‘g%fn%ﬁeﬁ éjﬁrlﬁ}/ ’C) alrcl)d the correspondi ng two
modi fied |i ghwmfeaamﬁre(EMHdomdeMIﬂmdrbw@e Ch dohiaén ebsaidedconeh antehndy t he
associ ation of.4), Es%hld %Extn [ﬁ%%lff 8%% clf% écﬁﬂlqi(yn YQ'tH@Vﬁp@E'Johﬁﬂédf bi nds

to a first anti alin n anti bod
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byproducts. In an additional aspect of the invention such inproved ratio of
a desired bispedifig ¢t theimauntabsnthe aatio loddydesmep drigetcific, tetchyslenedniggate

duct f
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t he "knob", Is t he 1 ntroduction’ of a dISU|fIde
bri dge furt rﬂ@tlb@dsamhwhzé@ecm@lluem@%én aefist appaenesse Fig Q whigh 1gpds tonat ure

Bi ot ech 16 (Wh38&ledGrdct®8br nbt ﬁkﬂ%ﬁ'ﬂlnoﬁonalﬂiyp?dduct% Ml. Biol. 270 ( 1997)
26-35) and increases the yield. Thus in one aspect of the invention said

bi speci fic, I%%Elra%}ialjo%gllt as%er:]étIOQ%rl]e 1%va Cllongsuch 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.



protein is further characterized in that the CH3 domain of the nodified
heavy chain of the antibody of a) and the CH3 donmain of the nodified heavy

chai n of wbeosniys®edy of b) each neet at an interface wpcehpreowpoisses an
original interface between the anti body CH3 domains; - wherein said
interface is altered to pronote the forgation of the bispecific,

tetraval ent antigen binding protein, wherein the alteration is
characterized in that: i) the CH3 donain of one heavy chain is altered, so

that withinThae iArdmg apect o el dEentidie sdiitibigheoiic) tafavaleat hstiyey binding t hat

meets the original terface of t.h domai n of the other heavy chain
within the @f@ﬁ@d?f‘?'ﬂ‘erf ?rf"%%?eélrﬂl%éag i gen binding protein, an amino acid

residue is replaced with an am no acid residue having a Iarger side chain
vol une, t hetlsb¢Hfed@naini afgha mdifiebbeavyodhaii ohthe antibodnoéef and thef CHle CH3

domai n of ong nﬁﬁ?%@ d?ﬁwh%@tyhcgalﬂclﬁ‘tﬁé %h? off B) BachaMbdtYat Wh tirﬁér‘f’aéehe

interface of t omaln o avy hain and 11) the CH3 domain
of t hed ot herwhiglaggmptisgs an osgHal wtesthce detvagn thegntivpdy Ok dmdingial interface
of the second CH3 domain that neets the original interface of the first CH3

domain within. thﬂlel?élﬁ@@l@hﬁﬂeﬁfacé @ta[ta:\ealt@pfome t}ﬁ:efﬂrrhatitdi cstgh@b@panﬁc an ani no
acid residue is re ced W f?fg ani no acj a smnal si de

chai n vol ume, tA&F B “b@?{&f’atbﬂ n%lpré’é‘?}?’t‘thlpﬁﬁ%a eﬁ%tl(irh'tggﬁ?rﬁﬁtgnﬁ 1tnhe

second CH3 dommithatwi t hi n which a protuberance within the interface of the

first CH3 domai D ¢ nc\%ﬁsa&hgﬂ%@ g hg)z{ S’ﬁ‘?ﬂ%mtﬁ%d am no aci d residue having

a larger side c une 1s se romthe ‘group consisting of

ar gi njge (R, tlgzh%ml nélF)ltertta% 91%'@}@3 ﬁglhalntdﬂd?fe%Wcl(aw thaPnfdey abl y

said am no aci reS| g smal | er . si de, chai n vol urrg is ﬁ] ected from
the group cdh&iosigingg 1@Prfé‘Feaﬁf e CAI3 demyajm,gf (thy othe heany gaipTyithipafhene (v) .

I n one aSpe(blisrﬁf;lf‘bh@trh{}maﬁtahﬁgerbIthm@Iﬁotdmﬁal ns are further al ter ed by the

i ntroduction of cysteine (C) as amno acid in the correspondi ng positions
of eachCH3 dammnino sivihresidas isareplased fiitheanbarhmhgeaciibtesizinn havinly dQldBgaleidei ns can
be formed. 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



In one preferred enbodi nent, said bispecific, tetraval ent antigen binding
protein conprises a T366Wnutation in the CH3 domain of the "knobs chain"
and T366SyoL86BBAs79¥407V nmutations in the CH3 donai n of the/Erb@bmozsh@i n". An
additional interchain disulfide bridge between the CH3 domai ns can al so be
used (Merchant, A M, et al., Nature Bigtech. 16 (1998) 677-681) e.g. by
introducing a Y349C nutation into the CH3 domain of the "knobs" or "hol e"
chain and a E356C nutation or a S354C nutation into the CH3 domain of the
ot her chai nCHhdemiain suandidner dppulider bedgee bttwadenewth GH3 dlomape cirf ibe,
tetraval ent éﬁ%;el gen binding protein conprises S354C, T366Wnutations in one
of the two (%mai ns and Y349C, T366S, L368A, Y407V mutations in the

ot her of the two CH3 donmins or said bispecific, tetraval ent_anti

bi ndi ng pr ofleione poefered embpdawamt, s biapacifiat feavalent antigen dindiag el€3H3

donei ns and cY3getes Al PHW thiifidh in'the CHIWSAAI®TIhE TkioBE cRAieandT3668; t wo

CH3 domains _qr said bispecific, tet ent apt.ig n bi ndl,ng
conprises Y3468A, ¥48&W mutations Hythe é@@"&iﬁﬂl R t}l 'Eggé\‘ﬁamleSSGC
T366S, L368Anterti@iA\disuried badge bétwbélﬁtl&t(DHB dofnaidsecah\Aﬂ)so(]rBus[bdr(Menehant sai d

mut at ons. | A Bhe bRt NeuFog CEa bl ) B 8 1 ol Eaugig v gy
mut ati ons i mutitenoidterthef CHAedamwin GH3thdofkaiohs” O(t‘lhel Jdeliain andla ¥346€
mutation i E‘qu.ﬂ idd B 9?@@4(‘3 n?lﬂgu&{‘ﬁxt@‘é{@ éH@%baﬁé@%e%th$%9 MHu@Lh QN in

t he ot her omaln tormng a I nterchain disu ridge nunberj ng
al wayt0 accorapther prsfetsd %@@%‘Fnkéﬁétk)wpe&ﬁc &qt%al@@%@}tl&@ﬂ&&‘{m&l’mﬁ?‘&

t echnol ogi e%oég;&sys@ct?@wﬁulatﬁ%@ o8 Af theaid OH3 Woathid 4rel V349@,el y or

anti body a L s e .

ant i body ar
and D399K; b¥pétifinpteatvaeas antigthbin@iig motedi conyiriseh €3360) B3@dVdinmitatiensnber i ng

T Pooo g of fheftikd EAR il AR Y340 TIRKERGBACLANTE BRI font

aldtrlspeC| I'C or tetraspeci rises a tion in
the CH8 donwherodher pﬁehe'm@é&damnmsa)mcsarrlsl@&smflcaesgmvamo'ﬁmgﬁn bindiggs i n

the CH3 do”?'r&eﬂf se@ql3a9€h@'3 Waﬂqtaﬁgﬂd i &2t the RABATH3 3dfAmsmaddat i ons
in the CH3

omai_n knobs _ch 57K t ons |n t he
GB' doma n GEOPRETIES 108 § 407 muoRuin (5 BT PERAHSO ety
trispecificsgid bspéafi@ettalsle@n oy bmdmgr | ﬁﬁﬁnY&#ﬂﬁ;seﬂ'%MDT%éWns in

one of the e CHG domml ns and, S3RAC, 13065, 36Rc YAREY, TbEA! ad7in the
20 mutations in the other of the two CH3 domains; (the additional Y349C mutation in
one CH3 domain and the additional E356C or S354C mutation in the other CH3
domain forming a interchain disulfide bridge) (numbering always according to EU
index of Kabat). But also other knobs-in-holes technologies as described by

EP 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,



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 wbeotomas@i3 domai ns and additionally R409D;, K3POERPRéatdzzes i n the
CH3 domai n of the "knobs chain" and D399K; E357K nutations in the CH3
domain of the "hole chain". The term "agt.i body" as used herein denotes a
full length antibody consisting of two anti body heavy chains and two

anti body light chains (see Fig. 1). A heavy chain of full |ength antibody

i s a pol ypedBieds, LAGRA,SYHOTV imuthlivier m thel other & thertwion@H3ddamexhs on said an

Gormr oY P e 3peBlY gt PRERKE oBHR enifses 334981 TOR0N AANRRATE SiRANY chai n

domain 1 (CHI'l eavy chain
const ant doris WOZCH@H@)nalrtSrmlldeﬁﬁSézﬁt ﬂ"b@@ﬁ; lﬁéﬁﬁyYéﬁélelﬁWaﬂﬁhQMhﬁQf 3

(CH3), abbreyd #,69CAS tha%é %n&*%d@ﬁ%ns?rglzmﬁ %ﬁ?@%dt%l(ﬁﬂ AnfHebegg heavy

chain constant domain 4 (CH4 an_ant i body of the subcl ass | gE.
Pref erabl y tdﬁ@aneawle kaohs qhalrf wnd P 3K %won%mathscﬁ%egmmeo

consi sting itRe Mods fRan@l. to Ctermnal direction of VH,L CH, HR CH2 and
CH3. The light chain of full length antibody is a pol ypepti de consisting in
N-terminal to Ctermnal direction of an antibody |ight chain variable
domai n (VL) ,Thenetatantibbdyoabyuskd dbteircdaioresadioH tlenpth aatibmidy comijtingadfimwevi at ed
as VL-CL. T pa) or
 (anbda) | SRR shiif b BAS MRRSIARE (RBITteR. P, B0 e A e
di sul 10 de bdnlélslebghwmbodbielsca m_lmmdan@n@ﬁéng:ﬂn Hotﬁanmal( ito C-teratip@len t he

light and hegvyi&Def M aﬁmd%&eaw@halhevamgedoﬁ@? ng%én mﬁ)ohylcbnétsmgt h

anti body heavy chai ns. C ant i are
natural ant .hl%‘@f ghain .dR@amgt;(FéHé an @@%Pd fingegisgion an‘Rtlg‘P‘bDﬁeade | gE.)

Ehe ant i bodicBsina@oralt mﬁnzua p. t(eHzn\aaatanoxntmaay t}nea\fylr3 d?“a cenigltelospse :3es e.g.
uman, or t nme 0 t th
ant bodi es. AGEavaRECEES A VS aH AR Fanor s bR 2 ehBad he T e
each 19rned chginacpmtant agfomdih ahdCHY) inhé¢ast dfoam anpbedy |0<fathf: ysubtlass HgEt he
same (first)p, é’f*&tdgg%eé%t}\g}{ glsatnt? F})gh{fpl%ngtfh atrlaﬁoyi%\c?p&fr}%éﬁhggkoﬁsjﬁh iRfN-sai d

full length anti ast “am no C-term nus of said

heavy or |i gﬁmeaﬂéprc tesaintp! dirertigtgf ¥ L diR .t W2 iapd il al heraghtchaigment s
consi sting %ffﬁlhelek{ﬁhaé]ﬁb@lﬂ: 18 QMBbIRp&tide N@nbBaNY if Nitdimd tbhe-tMimiamd CL

domain of t rél?relctl1 nhE)f gl? %Intnbofyeleght c%am zfanable domain (VL), and an antibody light
20 chain constant domain (CL), abbreviated as VL-CL. The antibody light chain
constant domain (CL) can be K (kappa) or A (lambda). The antibody chains are

linked together via inter-polypeptide disulfide bonds between the CL domain and

the CH1 domain (i.e. between the light and heavy chain) and between the hinge

regions of the full length antibody heavy chains. Examples of typical full length

25 antibodies are natural antibodies like IgG (e.g. IgG 1 and 1gG2), IgM, IgA, IgD,
and IgE.) The antibodies according to the invention can be from a single species

e.g. human, or they can be chimerized or humanized antibodies. The full length
antibodies according to the invention comprise two antigen binding sites each

formed by a pair of VH and VL, which 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



In an antigen binding protein according to the invention, the CH and the
CL domai ns of the second anti body which specifically binds to a second

anti gen avenepl/mas®d by each other |eading to the nodifi edTiEpgém/ocisas ns
under d) and the nodified anti body heavy chain under c) to which Ctermnus
of said heavy chain additionally the VH9CL domains of said antibody (which
specifically binds to a second antigen) are fused via a peptide connector
to their N-term nus. The" VH CH domains" of said antibody (which

spegi fi calbl éeﬂ)ild’ﬁ:dSb)t @aéh fotlestleadihg gerthe rrebdifisd tlizht fohaivisl warddr @)l andothei n of
said antibo ermmna Lregtio A of
said anti bo&é)d(“\?\?d\%ﬂlb&%é\eﬂ%gﬁwﬂ{} uBfiT’{dc tf) oq}ic ggtgnamélrs]tol#sgghqu?%bgﬁto t he
VH and CH ddditibnaltyf theaVH-@htddpaays pfisdld antb@lyt éwlrmphapedﬁ@@b't biods tole term
"peptide CO@@&%%@ areRfed il hh@(} EEBE [Pl A, Pepti de with

am no aci d sequence 'S pre era synthetic origin. These
pepti de connectors according _to |nvent|on are used t

t he ant
bi ndi ny peptlihgesVHH hedamaips”not spigi anibody (Eiecty éP‘TC”I?‘@Hgt hmﬁf’ld?oar ler‘?%dl fied
ful'l length aﬁf' énl;qeﬁerﬁbathesvnom‘docm addoh AR F ishidCaribbi g ém Noi todT AgmfinLlt ei n

accordi ng t ven rably, sai d, pe onnect under c) are
pept i des vm F‘Pna%nrﬁi R’&{ Sr&gug “%n Pﬁ sayd Iagﬁ%‘{(ﬁ' %"f% QT K ggic[allgb *no

acids, pref easab;leyonﬂ mh@n) srfigs o ofie ¥H andl 081 demainprfehst ablbpdpfin IO too 50

am no acids i ment said peptide connector is (&S)n or (GxS)nGnm
wth G=gly $E epm?r{?igdﬁggs%g’glne and (x =3, n-3, 4 5o0or 6, and = 0, 1, 2 or
3) or (x = n=2, 3, 4 or 5 and n¥ 1 2 or 3) preferably x = 4 and n=

2 or ¥ m)rérhﬁrt@mé “pasltigle\gopmeckors aauS%L sehiny fhe GRYENSRB GINAERE RSRTide pébt i de

connect or i Snfifet Akt sércii\%n&é%r RhicPli rélﬁra%ht Qf YhtheBBdrgen.- Thegd Peptidet €” as
used herein denot es the re on S nt ggen bi ndi ngblgro ein 1{ilccord ng

to the inveSPPREIAS amr{i}ﬁg R gf&hﬂn ¢ k‘fegtt?] Seribf GRRET Liaiing PERtdeSBnent ~of
it) actual | yhéddCratN-adrehinnd @ﬁnhlesfukﬂebasngvlednd/ommodrﬁearmllbmgth aotiBwlyl ehaors a

fragment t h | ?(91];11 g% n%eci%c E@ig QI?HE% Oart)ﬁu{"gcc%pc#]hg%"ﬁ{.eqq{/ 10§iI P%f&ﬁﬁl?/r di ngn

to the |nve [ OR Sompri'sesan n varla
an antd body shidgteptidér gommegtors nides c<)1@rﬁapfrpt@wyvnbfanamnmntactsbmugmceamth l?ody

fragment Whg 1P RECf legR! 4 YanRhHdRidsO }é}‘@ragfiisbvﬁtﬁda 3Bl tAIT- 5 ¥B€100, more
ant i gen- bi ndi sites e pairs of VH VL) that qs;pecl ically bind to

t he desi red P&sfeiag B’no%bé]tcbéoéﬂlp‘?/éﬂdé) InggrgRY Bt b BERLKE OFNEHEr Bnt i gen
or b) from gewSHnér (TAS)ESmOwitiR G + RBdihef §agsesint sandikat Bed=1By 408 0n6Vand

| muni zati on r’rBt P%dor 3)or(x=4,n=2,3,40rS5and m=0, 1, 2 or 3), preferably x = 4 and
20 n= 2 or 3, more preferably with x = 4, n= 2. In one embodiment said peptide

connector is (G4S)s3.

The terms “binding site” or “antigen-binding site” as used herein denotes the
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.



using inter alia either the antigen protein or nucleic acid or fragnents

t hereof or by phage display. An antigen-binding site of an antigen bi ndi ng
prot ei n ovotzhm/i4pmwent i on contains six conplenentarity deCempeeiongss€gi ons
(CDRs) which contribute in varying degrees to the affinity of the binding
site for antigen. There are three heavyjghain variable domain CDRs (CDRH ,
CDRH2 and CDRH3) and three light chain variable domain CDRs (CDRLlI, CDRL2
and CDRL3). The extent of CDR and framework regions (FRs) is determ ned by
conpari son tAh atigenWinditl sied eb@atntipen diridivg protain sefqbeisestiomcaftaiadisixhose
regi ons have been defined according t habi. it n . es.
Ant i body sp§8fnpfe(5’?etr€/ar%1%8'i’3§rn{n6n%Iéqggocntsict%ﬁi;s & oé‘hl} f(%/nérﬁbnlg?g? %%%I?ﬁe%% or
anti gen bi ndo the affiottyiofi thcobindingaite ifousntiger pTherp ereothreenheamy ichain. varablgr al
ant i bodi es, 26T, 1D@r§ﬁ L4 I N [ j -

anti bodi es \f\j/lﬁﬁlc%lﬁ?have4 gg/\:/o [ ’?g?gzt&egfﬁ%@%%ﬁgfﬁglﬁn@% gglﬁtf %?%fﬁ%ere an
ant i botly haslomsineCDRs{CORL s SeREZ @nd ;?,Dl%qlkﬁé- The s¥isnteldCRB andpeamengrkpe

associ at ed WdiBnA(FR)H BetdiHhing® By YomatiSor RS £ cbiipiledBtaBit o &mind hEidt €r m
"nmonospeci fic” an |ggﬂ¥ or, antigen bi r ot el négxls used. herei n denotes

. | ng
an ant i body SERUeBFES igetieh ResnEPgRshey f deaitelingd agroadigp PN A Esi t es
each of whi ¢lte fiquéhdes. t he sane epitope of the same antigen. The term
"valent" as used within the current application denotes the presence of a

specified n r .of  bi.adi ' [ [ c 3
ant i body fo%ﬁ’gﬁ%%’%ﬁ g%{z‘% Sfe:rg_ ﬁéﬁs{éﬁﬁ%n%g%&géc%#}%i l(rlllgglgt?Utoc()&t %%ﬁ%mi on
has t W bi ndindingipretsinafr # spasiiqddrespitophef e ranfigent Naiws epitibodigenres t he

presence of ckompiebbROiRgosicbRR. BisRBifRMBEMieY aRd bt &L ®hith HEve ther m
"bi specific, raval ent,”™ as usegd. hereip denotes anti gen bi nd@gvﬁﬁ{ otein

t e .
accor di ng t &ifferent AYganRIRding asperisitiesy WhETE | e ABRRTYY §os MUE %h two
bind to a fispédificity, tigercagizdédepidpesmayte assoc@aed widh a aimgldattigepiot ogith of t he
antigen). Antigen bindi roteins of the present invention have four
bi ndi ng sité%orgﬁlbanaqngaflﬁg?rgval ent. The full length antibodi es of the
invention conprise imunogl obulin constant regions of one or nore
i mmund@| obulThe termas Ymenospreitind gintbady ror candigee sbindiop upretaiy @s wgM hergia, | gD,

and | gE i sotjpess Qﬁ"%tiﬁ(ﬂiyt (tﬁearﬁ%%ﬁ bRidih Fto@éiﬂ thfiAvas o€k NP LYRESe sitdd a
preferred enbodi pent, an full ["ength antibody of the invention has a
constant dorfafthokwhighbifdtoshe samq griopy 96 thersasdAjesFhe t er ms " monocl onal

anti body" or "nonocl onal antibody conposition” as used
The term “valent” as used within the current application denotes the presence of a

specified number of binding sites in an antibody molecule. A natural antibody for
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.



herein refer to a preparation of antibody or antibody or antigen binding
protein nolecules of a single am no acid conposition. The term"chineric
ant i body"woebsrsastoe an anti body conprising a variabl e regirapzoiowessso bi ndi ng
region, fromone source or species and at |east a portion of a constant
region derived froma different source_gf_species, usually prepared by
reconbi nant DNA techni ques. Chineric anti bodies conprising a nurine

vari abl e region and a human constant region are preferred. Qher preferred

forms of "chihgeeiss &ﬂbhm&iaﬁmlwma‘m@cﬂ@uauéiﬁibbﬂsaeembomwnhé Qgedar e
those in which.the cgnstant ‘%‘é g faﬁ(ﬁg,een dified or changed frtomthat
of the ori gillf&in ZRET £ AyPEBATERAL PL ARY Pr V¥ YUeEP AHE"E T THE

i nvention, esqgeailed éfia simgle aganadadid c@hpoditiordi ng and/ or Fc receptor (FcR)

bi ndi ng. Such chimeric antibodies are al so ref erred to as "class-swtched

anti bodi es. * heQQhHEEﬁlﬁleﬁ@tdnBBQ& r§ td B afif fiidh Safite region,
but i n

I mmuno Iobulln genes conpril segnent s g
vari ab¥ e r egicobending ramiem, sfegrwem SOWAR @HW?QIGF ﬁﬁﬁ ﬁbtﬂa@immrﬁoe@ §t09ﬁ§talfiteg| ons.

Met hods for 9%181%61‘1%11 ﬁ&h@dl'fféﬁ?ﬁﬂ%d)&@é%ﬁ@&&yle\ﬁ@llﬁEfé‘;ﬁﬁﬁhlt@ﬂ%horﬁ%ﬁml nant

DNA and gen ransfectl on. techni are we int
NI T | Son, s Bt i bod KA samPGEE L SARBE 1210987518584 Bacs: U

5, 202, 238 amﬂnidﬁ ordldht 2 4egionl haret prafert émmmezeﬁraatacbdd s reff e'chintedic

anti bodies in fra rk. o it i i ons”
(R “have BEIRCED PEEubES RS bs BlespiaPanBPE Ak st i ST s

di f f et@nt spegiph hes bgenasodifing @r ebianged tfilvan thef of the qm@rmlhtanmbndyrto@eotmlq n. In
a preferredg t r af r ion

o "5 hunan. 4 PRSI acsbrdHE (B aCHRyEich zeéf@%#?“%oﬁ% Y m@“"fgeg

R echnann, @nd/Oéthapceptqqa(feRb mding: Pyglgphigwsicait oeﬁﬂawea}weéere 0, et

al ., Nature "3hés-{ddl 2fRbodied.". Emﬁﬁqeﬁalaaﬁboﬂlw @f e tHiee groduls ot:caxpﬁesmnd to

those representln eagquences reco anl t e antl ens nOtEd ab
e o AP BPRIODURE Ees SrEotng A P, AN e R B o,

the ptesent varwdatregionaned DdAesepmentsi abodihg imomsipglvbulie goostaidtasgioaen
addi tional | N&Bgﬂg If?rd g%du%nl ngﬁgnefn{ OEE{nLtJISfa esofnvg)ﬁl% %ﬂvghtn@rlal %E&Hf?ﬁl}{mt %

generate t he proper S acCcC I nventi on, esp eci al In regard to
Cl g bi ndi ng N4/ and Rene draasfestion Ftecmymcmeﬁoﬁrﬁgfvelirrkeower i 'tlnm r&ﬁn S&m elgady", as
used herei nvhgishAt §dedctt Q1 | PedddRANARAIIRS. USA 81 (1984) 6851-6855;

US 5,202,238 and US 5,204,244.

20 The term "humanized antibody" refers to antibodies in which the framework or
"complementarity determining regions" (CDR) have been modified to comprise the
CDR of an immunoglobulin of different specificity as compared to that of the
parent immunoglobulin. In a preferred embodiment, a murine CDR is grafted into
the framework region of a human antibody to prepare the "humanized antibody."

25 See, e.g., Riechmann, L., et al., Nature 332 (1988) 323-327; and Neuberger, M.S.,
et al., Nature 314 (1985) 268-270. Particularly preferred CDRs correspond to those
representing sequences recognizing the antigens noted above for chimeric
antibodies. Other forms of "humanized antibodies" encompassed by the present
invention are those in which the constant region has been additionally modified or

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

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

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



havi ng vari abl e and constant regi ons derived from human germline

i mmunogl obul i n sequences. Hunman anti bodies are well-known in the state of
theart (ws0D 20Mg/ias7981 A., and van de Wnkel, J. G, Curr. @piEp260emse®i ol . 5
(2001) 368-374). Human anti bodi es can al so be produced in transgenic
animals (e.g., mce) that are capable,- ypon i mmuni zation, of producing a
full repertoire or a selection of human anti bodies in the absence of
endogenous i nmunogl obul i n production. Transfer of the human germline

i mmunogl obulartn(vge mejlgrvay., and sae e gWinkel,iJn@., Gurar®pini €kemi Biolr 84@0@1)i n t he

broductl on ogsTRTBLA DAL SRekRaR 0 LT IRLE Hfs %%86&“%@31%55
Jakobovi t s, niice) that ate camatmr@oaammrgmyonzss redicigr adyl cienertoiravor aet al .

Year | m‘runol EIC?U(E)I‘I]'%Q% ﬁﬂ)bod‘f&”ﬁp tl?é“abé?:ﬂgé Q)? &fﬂ@gé{o%g 1lﬂ?mﬁ¥i @ in
phage displ a raries g_é\h oom H. Wnter, GJ., M Biol . 227

(1992)5 380- Fwluckep KEran eoof ypan ggrm- 'Nféw lmmuapgbb‘zlzn ERYAYaY 1Y SUAHG7) |

The techni qlg%ﬁanneQQh@nt mite Will @Eulﬁ'ln tﬁ@@rc&ﬁ@ﬁ@erof ungdn. amitftddddsSwpon
avail abl e for the

tion o ma I bodi e S.P.C.,
ot 51 7 NonQEH R E B oS e altRRBAN e A TG A 0o AN i gk Ty 905
(1985); and (Be)ness51R555etJakbbvith, . Al,nmatinel., Ndthrg 19621) (1863p5255-288:al r eady

Trat L ored, | Bl dERh v Jiurm%ﬁqm% ﬁ@%@fﬁ%fgggmg% Lftibdfed Eapent i on

the term"hu as’used herein a anti bo

whi chl@re anOfb@elamdu\Cedhe Phoge display rlbgirins (H@og@b@p@s & Rpang Véipésrs Cels

accordi ng t%&lbﬁlblnwﬁf(lm) 38$PR8! ﬁ)lalrl}{s 'JfDr@Qﬁrq mlqsa)lbsz@gmsgii-or FcR
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cell of frorm nmanolvd#t7 (99d) 86- %m&salreakiamermonuhfmgbnnmdmd umamzed

| mrunogl 0bul @RS AcBaifR th RREIRRASRIRORAT YR AibBEPTL UARE né¥A ess! on

vector tran nto host cel ant hunman anti bodi es have
vari abl e ancﬂ&@oﬁ@,mamesrwhomlhoﬁleé yhighr &g g@adifisAnin thee constabrEQRt Phunan

anti bodi es aeaaGaMA M p@pbites Iaea!&atdg% hrveveem, Cﬂﬂtyedl t&gatd) t(VlGllQl
somati c hyp tati gihjg no, acid H%lagenc of the VH a
regi ons of toh IP%E%‘ﬁB‘F R mélh‘ig’ B(gd XSCIQFSeS"%‘ & MgE orWﬂtTtbOI’u‘g ke C\/ed
from aad relpittede. g ordiipG1 gelgG4 andtorMpGaridG¥lmeeterences, may not natural Iy
exi st within the human anti body germline repertoire in vivo.
The term "recombinant human antibody", as used herein, is intended to include all
human antibodies that are prepared, expressed, created or isolated by recombinant
means, such as antibodies isolated from a host cell such as a NSO or CHO cell or
from an animal (e.g. a mouse) that is transgenic for human immunoglobulin genes
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



The "vari abl e domai n" (variable domain of a light chain (VL), variable

regi on of a heavy chain (VH) as used herein denotes each of the pair of
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t he sane general structure and eachdomajmn. conprises four framework (FR)
regi ons whose sequences are w dely conserved, connected by three

"hypervari abl e regi ons” (or conplenentarity determ ning regions, CDRs). The
framewor k r eghmivs cad@ptsesafdnrsﬁmbwoﬂm(ER)megiom awithse rreq@iites raey widely | oops

connecting the b- sheet c Th h Ln their
t hr ee- di mens? 8?15Ye %’}Fé %’5 t?lﬁeg fﬁg?nawora:(bﬂe %gglgﬂg 3%13 (?)hf%aﬁélgeﬂgﬁer wth
the CDRs f r@lmenhenmg i’motlsh@DlRSb rﬂl%ﬁnmqwkbcﬁgnﬁgd@t ed-shrgbcenfompiion heavy

and light chg 9 PR 1e§)ﬁsvccamear,;glgﬁebasrhwt RS, AMte CORE il Bachhe
bi ndi n speC| ICI t%@@ I n| ty. o he anti bodi es accortc_ir %W? the i nvent| on
[

and t her ef orckaiprasg ihgld & theirtthese- dimeasenad struefErg Ry &g regignsgand
"hyper var i alghgn tGgHIRR "wit therQDRGEeRomi theioftgr Rhaini B8 adtigem bmalﬁngm@ky Tmhen

d h t th d f
lrjzgpongir g: 2a¥1§{) e‘&'n‘?"%@’@ﬁgﬂ?‘%?ﬁba %ﬁ%&é&g}ﬂgyﬁ%gﬂﬁ%ﬁ f%{d"%%ﬁ%?t rgge lrlam no
'E'B.Ci d resi d'uelse biraling kpecifoatyd fanentodrthe )andbo(hesmmon@_nget@thgshvemtlohemés"
Fr anewor k" égﬁor%ro(/ﬁﬁ' ORRn& é&%i;ﬂhel?{ééllﬁltahe qomal n regi ons ot her t_han

t he hypervarlar egion reS| 28" 8s efined. Therefore, the |ight
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det er mi ned det#HtEeR “E ng-pnehRTRRna é?g‘ﬂPtCP’S'ﬁ%B‘?S %‘B&ac‘ rt651gflgs gg«?quences
of Proteins thé "complalengiricaldeteririag tregibhé! od."CORs| i"Eraeatdrk SerfRve,

Nat i onal Insti.tutes of Healt L€ t he
ternms "bi ndlrﬁ%lpns .are BFi' P‘ E % Iqe%fong/l%ﬂ(lgrv\ﬁi1ja éhthgsll (rzlgﬁ fe 10rrllds to"
refer$§Sto t hes@mohsnlgercm ddﬁeeénThiﬁofww ahe ilighh anyd hdanC*‘p*rﬂlﬁt @f an @OUWYepl t ope
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ed., Public Health Service, National Institutes of Health, Bethesda, MD (1991).

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



13 nol /1. Thus, a bispecific, tetraval ent antigen binding protein according
to the invention is specifically binding to each antigen for which it is
speci fi ¢ wibt2010a4b198di ng affinity (KD) of 10 8 nol/1 or lesxr2pnebseabl y 10
9 Mto 10 13 nol/1. Binding of the antibody to the FcgRI Il can be
investigated by a Bl Acore assay (GE-Heaj hcare Uppsal a, Sweden). The
affinity of the binding is defined by theterns ka (rate constant for the
associ ation of the anti body fromthe anti body/antigen conplex), kD
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phar macol ogi cal
subclass.

In a further embodiment the bispecific antigen binding protein according to the

invention is characterized in that said full length antibody is of human IgG3

20 subclass.

In a further embodiment the bispecific antigen binding protein according to the
invention is characterized in that said full length antibody is of human IgG4
subclass or, of human IgG4 subclass with the additional mutation S228P.

Preferably the bispecific antigen binding protein according to the invention is
25 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.



activity, pharmacokinetic properties or toxicity. They can be used e.g. for
the treatnment of diseases such as cancer.The term "constant region" as used
wi t hi n t wocorwest3appl i cati ons denotes the sum of the @owAIPA&EI00H35aM

anti body other than the variable region. The constant region is not
involved directly in binding of an antigen, but exhibits various effector
functions. Depending on the am no acid sequence of the constant region of
their heavy chains, antibodies are divided in the classes: IgA, 1gD, 1gE,
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ot her 10 gG subetalled as(kaprakand Adtambiiapdi ng. However Pr 0238 Asp265, Asp270,
Asn297 (|l oss of Fc carbohydrate), Pro329, Leu234, Leu235, dy236, dy237,
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o oy lagplitationhlanpics v Spnget kD ChaBOE LA Bt antifody el [ |
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434) . | h
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i nvention hd&'8"r& ared to
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of 1gd or |2@%0§Uﬁ9h@§?8""ﬁaﬂa@ EYNL adti N PrBc. HKEB, AbaBcil B8 gnd/19%5)D265,

and/ or contai muf ati dn. |n one enbodi nent the mutations in
the full |edd8hd88knt antibody are S228P, L234A, L235A, L235E and/ or
PVA236. | n another enbodinment the nutations in the full |ength parent
anti body ar evhile | @gBo&H228F tiedIdGy Isgbdlads28Av reduced Fc receptor (FcyRIIla)

binding, antibodies of other IgG subclasses show strong binding. However Pro238,
20 Asp265, Asp270, Asn297 (loss of Fc carbohydrate), Pro329, Leu234, Leu235,
Gly236, Gly237, 11e253, Ser254, Lys288, Thr307, GIn311, Asn434, and His435 are
residues which, if altered, provide also reduced Fc receptor binding (Shields, R.L.,
et al., J. Biol. Chem. 276 (2001) 6591-6604; Lund, J., et al., FASEB J. 9 (1995)
115-119; Morgan, A., et al., Immunology 86 (1995) 319-324; EP 0 307 434).

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



and L235A. The constant region of an antibody is directly involved in ADCC
(anti bodydependent cell-nmedi ated cytotoxicity) and CDC
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nmost 1 gG anti body subcl asses. Binding ofgClg to an anti body 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
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bi ndi b sit geesanes o€ effectoc haha%@ﬁ&sdnbyswmpmﬁ:mblyab}’ dlse r2@ment 28% D270,
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functions oforr;DnocI on antij b es, gan be enhanced by
permanent y growing in
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



engi neering their oligosaccharide conponent as described in Urana, P., et
al ., Nature Biotechnol. 17 (1999) 176-180, and US 6, 602,684. 1gd type
ant i bodi e’p 20tee14a®3t conmonl y used therapeutic anti bodi esT/ERe@0/003560

gl ycoproteins that have a conserved N-linked glycosylation site at Asn297
in each CH2 domain. The two conpl ex biamtennary oligosaccharides attached
to Asn297 are buried between theCH2 donai ns, form ng extensive contacts
wi th the pol ypeptide backbone, and their presence is essential for the
anti body t o grEtldahaineffoaaingrextansiveicontacts with the pahypeptadbbadkperedemd theal | ul ar
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In one preferred embodiment of the invention, the bispecific antigen binding
protein is glycosylated (if it comprises an Fc part of IgGl, IgG2, IgG3 or IgG4
subclass, preferably of IgG1 or IgG3 subclass) with a sugar chain at Asn297
25 whereby the amount of fucose within said sugar chain is 65% or lower (Numbering
according to Kabat). In another embodiment is the amount of fucose within said
sugar chain is between 5% and 65%, preferably between 20% and 40%. “Asn297”
according to the invention means amino acid asparagine located at about position
297 in the 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



297 in the Fc region. Based on mnor sequence variations of antibodies,
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bi ant ennary leq 368 i de glycosylation termnated with up to two
Gal resi duesg F‘ra?ll(lvgdc))nzgt@aﬁt% évy chain regions of the g3 or 1g&

subcl ass are reported in detail by Kabat, E.., A, et al., Sequences of
Prot elhs of Tihenisrsl SNONA" phtused svithis: thissapplsghpn (dopgigs the SUEH £6819Ueat i onal
Institutes of-g ajyt]ﬁburﬁglhr@aaﬁl@ MD. (1991), and by Briiggemann, M, et al.,
J . Exp. Med. 166 (1987) 1351-1361; Love, T.W, et al., Methods Enzynol.
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enbodi nent, dve, Diwgadtedl, Methods Enzymol. 178 (1989) 515-527. These structures are
designated as GO, G1 (c-1,6- or o-1,3-), or G2 glycan residues, depending from the
20 amount of terminal Gal residues (Raju, T.S., Bioprocess Int. 1 (2003) 44-53). CHO
type glycosylation of antibody Fc parts is e.g. described by Routier, F.H,
Glycoconjugate J. 14 (1997) 201-207. Antibodies which are recombinantly
expressed in non-glycomodified CHO host cells usually are fucosylated at Asn297
in an amount of at least 85%. The modified oligosaccharides of the full length
25 parent antibody may be hybrid or complex. Preferably the bisected, reduced/not-
fucosylated oligosaccharides are hybrid. In another embodiment, the bisected,

reduced/not-fucosylated oligosaccharides are complex.

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

of recombinant monoclonal antibodies in the host cells.

Amino acid sequence variants (or mutants) of the bispecific 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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ignals. A nucleic acid
is "operably linked" when it is placed in a functional relationship
20 The control sequences that are suitable for prokaryotes, for example, include a

promoter, optionally an operator sequence, and a ribosome binding site. Eukaryotic

cells are known to utilize promoters, enhancers and polyadenylation signals.

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

accordance with conventional practice.
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93-102). One_aspect of the invention is a pharnmaceutical conposition
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to the inventio n apothﬁr aSQ%Ct ggesent i avention
manu acture 0 arntaceutical compo ion 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.
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20 active substances is known in the art.

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

infusion.

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

tubes, carcinoma of the endometrium, carcinoma of the cervix, carcinoma of the
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rectal canc&agma,acmmnomﬁ of tre \aihed, Hodlgkials, Dis¢aserpahcar anfi ther gsoghegusi aancencer ,

col on cancer ’f r?l%%l rﬁé‘st&g dCanH% ecgfI tﬂg eﬁ@cﬂ:&%@ 'S &%Cbé}ﬁgpopfhettﬂﬁo £ llaﬂ@l an

tubes car ci n carcl no cervil X carci noma of
t hevagi na, canet bt pﬂfrathh@d/glllav@, canmxgalf ithe adrenal glagnd, saé%gm:?f it tigsae,

esophagus, %Qﬁ@eﬁrofcfﬁe h@hﬁ”@a{r{cef BF &Rt pddfy, proiae cafder ! é’h@ic&ngpﬁﬂél‘tﬂ&i(ﬁyﬁ em
cancer of th r ol cancer of the arat hyr.oi d gfﬂ}earencani\élﬁ of the

adrena? gl aﬁﬂnceﬁé?f éléf‘n]&‘%B?y Qbwieter; aglecell carginomaycargiponp of the
peni's, prostydsetheBo®Eal hepadEtluldf czinher tlhﬁﬁi@e bano@f}nﬁ&fplasfnst bﬁ‘ thé cieatralor

reter I | I I
Eepat ocelr Ietrjﬁ‘ﬁf"%gﬁn%yég Cb@ﬂ@r f%g% caé‘llS 8‘51 g’ﬁ%& of ™ lorgght gﬁﬁd%tté)gl\%ohgm
syst em ( CNS)mulsifirma| axirscytemas, s, schwanomas, e nepghdymenasg| insdsiulleblestamas,
mltiforime. gl @Sﬁﬂgﬁwé&éﬁwmaomsp%m R RfenofiE ik P85 RERR,

meni ngi omas, ar ci nonas g‘;t oma and EwW ngs

sar coh®, i nomlddlng refedaterytusrsionsedtsany iy the abayg @RCHROTAeARDIREIIEPIoNeyr 5
conbi nati on RILREET He MHBIECRHceishe above cancers. These conpositions may
al so contain adjuvants such as preservatives, wetting agents, emulsifying

agents and ersi n ents Preventi.on ,of rese ce of nicroorgani sns nma
be ensured gllcheg @F‘ Py 24| Blﬁop‘iOBtaé‘?j t§Lﬁ51F BREF By i r?gl %si on )c/)f

various ant |algaﬁxtse|enﬁllls1@mg agenth umglaldlwgentgsagéms anmllm qﬁaplamlnsa of
chl or obut an%lc O%I’I1 {r'l%n’ls gg %'e%n?lﬁ%cﬁjbot"ﬁ gtgl%l)a{lég I‘(JCE gél%oandbfﬁ'e% rabl e

to include i"YSTCHE agen as sugars i ke
into {he coripdssion cnfsvarlmls aantibactenial g B@%@égalaage@tsmfpb ﬁxanpleh@ambje@ct abl e

phar maceut i GalorbRitRdTBYhenB], RoMHORId aRAUKe Bke LID ﬁna&rh@sldl% &¥irablead emilgderhi ch

del ay absorption such ‘as al’'um num npnost ear at e el atin. Regardl ess of
the route OfiSHEMEIBHSSUFHAS SHEAEe AAUMY §> BQQSFntPﬁlée?ﬂ‘%&"é

I Event i on, vnm AQitioRy peslobigeadabsdrionudtt el ijdotbieapleamiaoeunicala fdomal e
phar maceut| %rou@? n‘ggustll;[yl He ?nc?l];sugnhgf gg’é%?s vr\'1h1ch '&"1%9 talt) rptlc?f{ gucfnoars rgﬂlrﬁlﬁlﬁ% into

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



pharmaceutically acceptabl e dosage forns by conventional methods known to
those of skill in the art. Actual dosage |evels of the active ingredients
in the phwomameusissal conpositions of the present i nvenpcomEpomyobseyari ed
so as to obtain an amobunt of the active ingredient which is effective to
achieve the desired therapeutic responsggfor a particular patient,
conposition, and node of adm nistration, w thout being toxic to the
patient. The sel ected dosage |evel will depend upon a variety of

phar macoki neealeh ﬁm:pﬁmsmieﬂi@hluhihmgy bheheaedticni beingirehted, pml like ficaurs well
conposi ti ong_of thg}pre q invention enployed, the route of

adm ni strat i QR 3% 3dn1n|strat|on the rate of excretion of the
parti cul ar conmpound bei ng enployed the duration of the treat nent, other
dr ugs, conp&dnnd@nmmrtwn mustebd alesleusedi fluid tofsi wﬁ@mothawmhcqrm)srim iscul ar

conposi ti ONYeFPRARY ,sﬁﬁg c2BLad@ifidn tQRIAH theCORfbL p@ﬂerarg9n§raalle&ahrch and

prior medical history o he patient being treated, factors well
known ¥ n t hdufewdsalingsolutionThe conposi tion nust be st er| I e and fluid to the
extent that the conposition is deliverable by syringe. In addition to

wat er, ]E Ihe Pasper €Tuidityelr tdmyintsined) fosetaniple Byuisearfedatiad suvh ssdecithion.
Proper uidit ed,.for._exanple Db se of coating such as
ec thin. by REaanst Ot el mrrieleief F B Suee 2 iftpien BT QR

di spersi on andadsgntsisle mdnyscasénat mmpreferable tvaingluda soigni¢ agénds, joebamailte t o

i nclude iso td0hLya!l gg{ﬁg{ %hg;ﬁglg @styranni t ol
or sorbitol %8%1 d g&g{ﬂhﬁ%‘o&%%g?? e@%ﬁ}%?{gg{%@sﬁl on. g used herein, the
expr ek&i ons coggpsition ce| | [ine," and "cell cul ture” are used
|nterchangeably and all such designations include progeny. Thus, the words

"t ransf or mamsSusedNHerein! &ﬁ@feﬂf)féﬁﬁoﬁse'ééﬁl"" retl ude" tdha 'Rfelln@.ﬂwréUbﬂeeﬁiedCE| I
and cul tures dey ved ther(f f out re ard for t he nugF tra sfers
% |Su

It is also dGEhanesahly, A WS udg PISEERY- Sanl in
DNA cont ent ,"trdnsfortnmant®| araker" a‘ansfonnedqadl\l@r irehtdenthteapriomasy s\feyrectanell pmdgeny

that have thesaracbaetion:ah Phabeabesh Mk hipbamepiteed fionln the

originally trans Stinct designations are
i nt ent®d, i tundﬁrrstroor;éh%|aélarrog¢rxyrm@héowmpr@ﬁlrselyrﬁ@lttcelrlmDNmen@rq ®n" as

used herein deRHGHR dr IndAVvERE&T MmBhtiddsavafifit ﬁ?@g@r @gtﬂmrmhelmn@wndoﬂ nto a
host cell I f cells wthout for%mj ble cel.l. rre Ere usleﬂ 35 host
cell's, trandidegicgactivity 25 seegnesd fordn ghe grigin (Eréf‘ ‘{)ﬁ@ Bifaligiude

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.



precipitation nethod as described by G aham and Van der Eh, Virology 52
(1978) 546ff. However, other nethods for introducing DNA into cells such as
by nucl eawoi20jog@abioen or by protoplast fusion may al so becws®de10ld3s60
prokaryotic cells or cells which contain substantial cell wall
constructions are used, e.g. one nethody#f transfection is calcium
treatnment using calciumchloride as described by Cohen, S.N, et al., PNAS
69 (1972) 2 110-21 14. As used herein, "expression"” refers to the process
3%_ V\ﬂi CE a nutleRtd" asgzi dn\gglii\c'fabiiﬂﬂﬁslfeb#he,dinipﬁhﬁbuﬁd?l\délfaeﬂldatipg,av]ﬁibﬁ tﬂaﬁgbfel%SS byI
ich the transcribe .{also referr 0 .as transcribt). is.S equent
bei ng transIaat"éﬁnleaPBClﬁgﬁcfchQ?ecﬂlzﬁllmﬁ’eaﬁ'ﬁfoég’gfwegp hOS ¢S 'Sn@.‘e) ¥R l?c:jléiessgri pt sy
and t he encosetdrsptiay fepitiod geriraarlycfolr liesdriiarelof DEAeor BINA ontasa gelder,oduct .
| f the poly Lde . Y ] : ' '
cukaryot | ¢ CHTeh s i aion) Hehildath AT ElcE AT CEURLERBHARL Borthe o ¢
aci d ndl eculreplicationaf DN loa RN dndrexprassian iveetorsihpt functiem frdransefiptions er t ed
hucl ei ¢ aci gngmRl GamdIRidn S fAh& PN 2br RRIAVSE S, MeRlded 8ld vectol that BfoVidethblédes
vectors that function prinmarily for insertion of DNA or RNA into a cell
(e.g., chroios ofiths Bgraensas)desedsti cati on of vectors that function
primarily for the replication of DNA or RNA, and expression vectors that
function forAr raxmessigat ivectoeindd ar pvlyansleatideo which, t WaerDNitroducBiNAntoAlasio
i ncl uded are_yect.ors, that,provide [e the f I a
descri bed. &RP“’BQ%F elégsslt %rﬁfuvgg gg"tr%cgb%% ydn(g%ﬁselg{efidlg?omﬁmﬂﬁgﬁ An
introticed i“axmressiomappstopr i aguelljiosfersetol a suitablee hostaiwsld r ¢avepiisgddot raans| at ed

into a polyRgplekdsn véllor BXRATIARINTY SichdTh deiral kprs &b poduer. @ sui tabl e
host cell conprised of an expression vector that can function to yield a

desired expressjon product. The fol |l opi ng ex | es, sequen | i st and
figures are Tgﬁ"ofﬂ%&@’d“& GXAPBledn EFAYRRRST gﬁ%??fg%‘r‘ishérep}”@é@rc?ﬁ ﬁonelgnrh%on, t he
true scope ahdeiafllingSofaRé pfe3eithiniéntiohe tirppensiege off arhich isl det ifertiuiiddrest ood

t hat nodification an .made in the pr ures faorth . w th

Gopart1 ng. T ABRER cCifeIF B B8 RO SREAHES el B nlelead o0& res  cc

Li sti hy SEQstoNwithontldé¢pastithghiremythe spaiinhoicthe vegtion: ant i body with

C-term nal fused <Ang-2> anti body VH CH domains SEQ ID NO 2 unnodified

l'i ght chain lfeg@,gF 8dn ap;ﬂweszgngm 3 nodi fied heavy chain of <VEG>
anti body wit - exchange and wth Cterm nal fused <VEGF> anti body

Vi CL 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,



domains SEQ ID NO 4 nodified |light chain of <VEGF> antibody with CH -CL
exchange (<VEGF> anti body VL-CH domains) Description of the Figures Figure

1 Schenatwo 26toustogre of a full length anti body w t hout pCridrd@mO3%60
specifically binding to a first antigen 1 with two pairs of heavy and |ight
chain which conprise variable and constght domains in a typical order.
Figure 2 Schematic structure of two mspairing possibilities (out of four )
| eadi ng to an exenpl ary undesired byproduct reducing the yield of a

bi specific, tetraval ent antivagelybidds €¢da Firstdstibén @ ahil adec@iit arfien 2 Aad a
second antigen 2 and in which no. donmains are eéi:ﬂp%n ed. Figure 3 Schematic

structure of a bispecific, tRMUHIRIIMART HgER 'ng protein according to
t he i nventi dfigarethe ni spai riSehemsti¢ rpractued diya t liepaceid, aeaneaientobntidn and CL

domain in the heavy and |ight ins..qf . ant | i ch cifically
binds to the second anti gen%'ﬁﬁ%bgﬁﬂg S%Je}rﬁrhnglr}é ts?%g uérng g?éolgl?\gpg_%(@%pl ary
bi spechfic, tetraval ent antiigenpdireddihthepeplaeémerdeddrtd] agd (d- domainninent i on

with knobs and hol e. Exanpl g '\'ﬁéaf%gi ahé ﬁé&e%ﬁﬂs w8t BRASE8BE&Y alvhich
e nces of

i nformation regardi ng the nucl eoti sequ human i mrunogl obul i ns
light and heavy chains is gisl?%?hﬁfﬂl.yh(‘ﬂé?,thﬁe&?f}d #tigen. | Sequences of
Protei ns of Rigapenpl ogi cal | r¥cRéMatic sthidhure ®f .anRixRhiplarii®apktificetenataent
National Institutes of Health, Be h%‘i‘g&? (l&\]{D (1991).. Am'n@o acl dts of .ﬁgti body
chains are numbered and ref PHER PHIMNE SFAFRGATEELR e NGB 3 Pan,

G M,l1@t al., Proc. Natl. Adkadbs &ciholéJSA 63 (1969) 78-85; Kabat, E A, et

al ., Sequences of Proteins of |Imunol ogical Interest, 5th ed., Public

Heal th Service, National Institutes of Health, Bethesda, MD, (1991)).
Reconbi nant Exampleshni ques Standard met hods are used to mani pul ate DNA as

described i nvipRFMAIC&Kendral nféthdds -

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).



Mol ecul ar cloning: A |laboratory manual; Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, New York, 1989. The nol ecul ar bi ol ogi cal
reagent s woeous@ashsaccordi ng to the manufacturer's instr pctriEpds/00336€

synt hesi s Desired gene segnents are prepared from ol i gonucl eoti des nade by
chem cal synthesis. The gene segnents,_shich are flanked by singul ar
restriction endonucl ease cl eavage sites, are assenbl ed by anneal i ng and

| igation of oligonucleotides including PCR anplification and subsequently
cloned vi a tRAiseguéareddtdratinadion i on sites e.g. Kpnl/ Sad or Ascl/Pacl into

a pPCRScrip t r at agene) based pGA4, cl onin or. The DNA se nges of
t he subcl on?ﬁgeﬁ%qufg%eé Tt egepgpr%?gnwrg%ué’ 1 str%ﬁ@ Sseghlﬁ%cﬁ% rpge.rf%@gﬁ(g &

synt hesi s f MehEabemar 6mbHdeYladinsed r@kirmgny)oorgbeguisesieeGmbHc M dtemtettan,
Geneart (Re BRg, Gernmany) . DNA sequence deternm nation DNA sequences are
det ermi ned by doutl e strand sequencing performed at Medi Genoni x GrbH
(Martinsried, Germany) or Sequiserve GrbH (Vaterstetten, Germany). DNA and
proteih seqi¥Naangdrriofein sequence analysis andsequenss AathBIINagemeRICG s° ( Genet i cs
Conput er G quwe, GVEY EGéhetiV¥ Topisiitdt) GEaipl WAddEsdQ O RgEnsiHe) Sdfeward Gadkased

I nf omax' s Vect or |, Adyv e suite version.8.0 is.used.for, sequen
creation. Ay 102 CHEMaXA UEaitn 1 LaRavITRE (i acrun Seiot Besl 9T
vectors For stdienex pieatsern, arappingt el gés anndtetorbarsiidastidtiont et r aval ent

anti bodi es variants of expression plasmds for transient expression (e.g.

i n HEK293 E%ug;-[hﬁg ~ F) cells based either on a cDNA organi zation with
or without a &) ntro%ﬁ- pronoter or on a genom c organization with a CW
promot@r ar Foaght icxpressiens ofidhe Kesaibed duenecidieptetiavalent auibedics earipgts\@ct or s
Clont al ge_d: 'exﬁ&ssﬁéx'l gla@rél‘iﬁs Fo?Eﬂalhﬁé‘ﬁt' Siprodbibs e gl ir@MﬁKQQPLEBNA'&VI_{EK%?@ S
plasmd in cali, and - a b- mase . gene ich cgnfers a cillin
resi stance Eﬁ ‘Eﬁs (PB?‘?ad. eiheL "t‘lr%tﬁ@ﬁ‘?&rg ﬂPt"\‘,'\@? ot H‘@&Qﬁf ?b%l}ﬂgspb'@??él s
conposed of pidreoteDbt @a Benoshie MegEnsZation withpUEM e ptomiater are applied.s) at the 5
end - the imediate early enhancer and pronoter fromthe human

cytomegal OVIHedfie the antibody expression cassette the vectors contained:

15 - 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

20 - 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,

25 - 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.

30 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



- followed by the Intron A sequence in the case of the cDNA organi zation, -
a 5 -untranslated region of a human anti body gene, - a inmunogl obulin heavy
chai n si gnel2omegs@ace, - the human bispecific tetraval ercTarelbodseehai n
(w |l dtype or with domain exchange) either as cDNA or as genomc

organi zation with an the i munogl obul i mpgxon-intron organi zation - a 3
untransl ated region with a pol yadenyl ati on signal sequence, and - uni que
restriction site(s) at the 3" end. The fusion genes conprising the

descri bedharste'dmdes afaivasfias bgeDINA equdnelnpw Far etrgsivat atandfebiiorRCRrgerd/ or
gene synt hesi wi t ni ques
By connect | SHIBI S8 TRCRBTRI G RIePard Dy er b prpeyOh fgf fafiGmit
restricti on celitceBuies (Whdeobong ecXj Machesey-Dagel). The subcl oned nucl ei c

aci dsequences are verified by DNA sequencing. For transient transfections

| ar ger quantgd l&ﬁ uﬂEt&%?ﬁanésm ds are prepared by plasmd preparatlon from
transforned E. es (Nucl eobond AX, Macherey- g) Cel | eﬁ“' ture
48

t echni YJues §tt%ﬂ‘i’@é@r eelceyliure Eﬂcflﬁlﬂée% demed ﬁ%gesﬁflée‘hg’egma%m cplsdn G
\(]:UVBV en'lf_ Pr 0tBi61@t §, BoniE&ito, 8.9 @f¥so, Bani HatdraoJ. BJ(L 1n)c&13$:ﬁwafvt’\§'z,i J.l'hfg gf d,

i ppi eds ohn e ons,
I nc. (2000). asdﬁsgma{?df étﬁ%ﬁ‘i‘?ﬁg%F 388@@6(Qre expressed by t%lansi ent

co-transfection of the respective three expression plasmds in adherently
gr owi ng HEKZBi§peEBNAtetravalentHEDOdIEs @ed bxprgssedibygrinsienti spdragsieeticrs otiwer i bed

bel ow. Tr ansbiabeidd AR QGBI dibifEl S daidibihyoysball BERRRAIERRAL 6 fraval ent
ant i bodi es resse y transient co- tran tion of the respective
t hr eel@xpr edHils?0- SIC&BWI{%H@)SUSEW&H %gie’é Adgloy-ed heavy chain, as wel |

as the corresponding light and nodified |i ght chain) in adherently grow ng
HEK293- EBNA G@hkienf ﬁumc@gﬁ%rmqubigmAcgga&tbni i ne 293 expressi ng Epstein-

B Vi I ti t t mb
ATOC # ORL- Toesitc Giravlsy spBpaiss ory GBS Y LERICC b3t HeRRge B od -
Eagl e's rredlrespectﬁebttmee sxypedsemeplhedidei(t.g. &ﬁlﬁkﬁdlﬂlgtha thodvfied GeBGSclidimt @l cal f

|S:gll: um’ ar?s?gg’%| on Elgléﬁg PW ?(E;.HS?GC'[ | Oﬁézgl )E\‘l ar?ﬁ@l'%% lgC%?&ngCO)

Bi oché&fri cal $JEK293:EBNA ﬁelas thamas qmbrmﬂsetqemcel wgé&?@ Prgssing Engigny) of
4:1 (rangi N@Brf-9ud: duclear antigen; American type culture collection deposit number

ATCC # CRL-10852, Lot. 959 218) cultivated in DMEM (Dulbecco’s modified
Eagle’s ‘medium, Gibco) supplemented with 10% Ultra Low IgG FCS (fetal calf
serum, Gibco), 2 mM L-Glutamine (Gibco), and 250 pg/ml Geneticin (Gibco). For

20 transfection FUGENE™ 6 Transfection Reagent (Roche Molecular Biochemicals)
is used in a ratio of FuGENE™ reagent (ul) to DNA (ug) of 4:1 (ranging from 3:1
to 6:1). Proteins are expressed from the respective plasmids using a molar ratio of
(modified and wildtype) light chain and modified heavy chain encoding plasmids
of 1:1:1 (equimolar) ranging from 1:1:2 to 2:2:1, respectively. Cells are feeded at

25 day 3 with L-Glutamine ad 4 mM, Glucose [Sigma] and NAA [Gibco]. Bispecific
tetravalent antibody containing cell culture supernatants are harvested from day 5
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-



to 6:1). Proteins are expressed fromthe respective plasm ds using a nol ar
ratio of (nodified and wildtype) |ight chain and nodi fied heavy chain
encodi ng wbastmvds7eef 1:1:1 (equinolar) ranging from 1: 1p2TiEP2@10203560
respectively. Cells are feeded at day 3 with L-Gutamne ad 4 nM @ ucose
[ Sigma] and NAA [G bco]. Bispecific tetgqyval ent antibody containing cell
culture supernatants are harvested fromday 5 to 11 after transfection by
centrifugation and stored at -20C. Ceneral information regarding the
recombi nant Fewrse(fiﬁxhﬁﬁg@f) drowaig innsuspasionbeitiensn ianshak@ ﬂ(alsiElé?_% aCetirtedl i s
given in: |ss Bi oen 01 203.
Transi ent t e(Et f’bnsse“i“ﬂﬁ?fElé@ggtﬁf ;@3 eﬁ?‘%ﬂeﬁsé‘?'hg?‘lﬂz) %?rbwpr%%en fe
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t he secret edioég‘? rb‘ﬁ qlds harvested after 5-10 days and anti bodies are
either directly puri f| ed fromthe supernatant or the supernatant is frozen
and stdred. Prottiedptedatimatiomat i on The protein concentration of purified
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accorgmg to Pace, C. et al Lf’?‘oteﬂl c?’ence 1995, 4, 2411-1423.

20 Antibody concentration determination in supernatants
The concentration of bispecific tetravalent antibodies in cell culture supernatants is
estimated by immunoprecipitation with Protein A Agarose-beads (Roche). 60 pL
Protein A Agarose beads are washed three times in TBS-NP40 (50 mM Tris, pH
7.5, 150 mM NaCl, 1% Nonidet-P40). Subsequently, 1 -15 mL cell culture
25 supernatant are applied to the Protein A Agarose beads pre-equilibrated in TBS-
NP40. After incubation for at 1 h at room temperature the beads are washed on an
Ultrafree-MC-filter column (Amicon] once with 0.5 mL TBS-NP40, twice with 0.5
mL 2x phosphate buffered saline (2xPBS, Roche) and briefly four times with 0.5
mL 100 mM Na-citrate pH 5,0. Bound antibody is eluted by addition of 35 pl
30 NuPAGE® LDS Sample Buffer (Invitrogen). Half of the sample is combined with
NuPAGE® Sample Reducing Agent or left unreduced, respectively, and heated for
10 min at 70°C. Consequently, 5-30 pl are applied to an 4-12% NuPAGE® Bis-
Tris SDS-PAGE (Invitrogen) (with MOPS buffer for non-reduced SDS-PAGE and
MES buffer with NuPAGE® Antioxidant running buffer additive (Invitrogen) for
35 reduced SDS-PAGE) and stained with Coomassie Blue.



The concentration of bispecific tetravalent antibodies in cell culture
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A Agar ose beads pre-equilibrated in TBSNP40. After incubation for at 1 h at
roomtenperature the beads are washed on an Utrafree-MC-filter col umm

( Alrri con]( zogggewgh&bﬁﬁaﬁomgf ?)?B&iﬁfr’éfb%rab%ﬂ_&n%bdﬁ_e@ir]rE%dmlécﬂmrd)%tgﬁmadnﬁs Buffered
sal i ne (2x 0C an rl.e o) S W . -citrate
pH 5,0. BoufRganHat sy mgasursd Lhyeﬁ% lyglg}c)if“ti 0‘313{°§?p}?‘?’ : ELﬂlﬁé\éEfWC ®Sanpl e
Buf f er (| nvistpernaants ddatdiniof drtibodimspind derivatimed iged bind o NDfGE( A) ar8anpl e
Reduci ng Ag -or . | s I [ hn at
70C. mnsqu‘@ﬁ%‘?%yﬁo ?E{%‘Bi*ﬁéféﬁs?%smfﬁ’%@@f’e‘# %ﬁé‘ﬂ?ﬁ%@gw rigf%idsigl Pl s

SDS- PAGE (| m¥ht sodgyem cit(aig, i McPend ghutask frowr tha gnatris duite d0SDEVPREEL 498 VES
buf fer wi t h NARAGR( 5did ApMr 0% o aft ABHEN FELOUM0BrsySER. tingeelbted \prétemarn) for
reduced SDS-PAGE) and stajned with Coonmassie fBéﬁ%g The conceﬁtiatlgndof

bi speci fic @BRtEHEd BhU \aRpisBIceandnintagration ot pfdé AtderhAPAHES Stagdar
quantitati vesg1 abasodyadriey agkfstandind. HPLC chromat ography. Briefly, cell

cul ture supernatants containing anti bodies and derivatives that bind to
Protein A areg, appliged.to_an i e i 0S., >0l n 200 nmv
KHoPOA 100 MR finle’sd 5?’@?8%513 &@ﬁ%ﬁ%ﬁ@é@g tr%‘%ﬁé’ﬁlgs ?r‘gf?wuymﬁeh 200
mvl Nal® , 10Gupdvhatantsiis meastredp by 2S&dovictatediLIBAt Baffle, [Stoptayell ddighThe

el uted prot ‘ﬁiifikll ieaﬁr@aao id | RO6D Y VAR RIP A5ES 3R‘3cﬁé)t £Qr ad4tah with Pk

areas. A purl tandard Ig@ antihody served as

ta . st andar d.
Al t er nat i veli/'Welhebiogpylatedr aifidwmen JgSpeaptire M F@Gaf@?ﬁ’? ﬁéﬂtﬁcﬂﬁdi%s in
cel | cul turgDsnBes) RIENLE/ME o Ahldtedomternpadnire br kBénivebAovar hight t,

coat ed i t hBoHReraeRb e e el HALLERT IS aofRE™
F(ab' )2<h- F¢PBSTBSighia).arlivial./ vadl 6 4 diwtian sekies iriI.PBSa(Sigm@mfttbtrp@paQﬁme or
i vel 1 pes et Al sl O S BRRRIER da ot e il B Rt s 1
PBS (Si gna) fort 142hle oneas peretiteerlatgt shakrtyat ceemdemipaigtwe| The wellsaee waghednat ant s
i s added tof/ee tifls! witRndo i ToWeRtESK T @hd bodnd) aftibodly ks @efictddewith aioe @haker
:Ldr 8831 néeg}i’&r%%%pégﬁlp l'zléqu)v rgﬁ.’ﬁ?ﬁﬁt zpsr e%eé[tljogea%tiWoé)t] f02r010-2 {)r\{\%l | PBST
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



F(ab')2<hFc g>POD (Di anova) at 0.1 ng/nlL as detection antibody for 1-2 h on
a mcrotiterplate shaker at roomtenperature. Unbound detection antibody is
washed awgp 2ofwraerdi nes with 200 ni/wel |l PBST and t he begmngrd@ibmeisc@n

anti body is detected by addition of 100 nmL ABTS/well. Determ nation of
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standard pr %loﬁmls@qh ehﬂpx’@fduﬁﬁnal?th@%ﬁIahhl?/tléﬂtch@(‘éatbﬁﬂétio@rﬁ.gb@ﬁﬂIBS-P@f@E,app| i ed
to a Protein. A Se%]s t hcar and washed with PBS.

ar o col GE_hea
El ution of Bi%&saEiuFop C’B@’t"‘i‘a&ﬂ’/@'la °%EHE‘%S§88? ggnei “achi eved at pH 2.8 fol |l owed

by i mmedi ate neutralization of the sanple. Aggregated protein is separated
from nmononelSS-BAGIEodi es by size exclusion chromat ography (Superdex 200,

GE Heal t hcarg), Wﬁg%@r PH"CESQ gl;\{l q E‘}'?éﬂidglﬂgi’trogéﬁsrgx a&&ﬁ% tol\/ﬁ{'éorrel ic

fractions are p concentra require

Ani cond Ul t r anqIREackaRery instmetion. dgaqartw}?éem%atrcﬂr12%rlg&%®85@jN§V@?<%cB1&t -20C
or -80C. Partrigf P}él@a§a@91|se§p}ar@4prﬁw dedfuPA GRID S SRS edifc@d egéls anafhytics

chr omat oo aPAfE RadatesEat: Beis) buas AL TRE hibéicﬁ_\o%re @dadp gel

system (| nvirtiriggbufférsis useld according to the manufacturer's instruction. In
particul ar, 10% or 4-12% NuPAGE(r) Novex(r) Bis- TRIS Pre-Cast gels (pH

6.4) and a th NUPAGE(r) Antioxidant running
buf fer addi Plu\f/) aﬁ%ﬁcli&ﬁﬂ%ﬁ?@mﬂﬁiﬁﬁ running buffer is used.
Anal yi9cal Size easlosioni dnomhtographiygfosp @tqr@n@amruﬁdhe clegmgatiogranghy for

totraval ent CREpARHE sh@So PRIl S Qﬁ%fldnggﬁﬁiﬁés‘?ﬁ?ma oY SRpECt i c
ies i |
Protein A p&ﬁ{q‘?%ﬂgréhlﬂ b%’a?fiié %ﬁoéel%dblﬂué‘(‘flie ottt ?‘é)‘%ﬁlrel'g E%GOB%%&’COI um

in 300 mV NaGK geb @ 3ob0SW2 EXEmisARP00, mM-INECﬁ 5Nmah KA @K 2HPIGZ, b1HD0.5syst em

or to a Super de althc in BS i ONEX, -

TPLC Syst emon e Gt B 18T DL TyeloB o it Seteste ol SO sl Reil in

i ntegitation 20k Iﬂ%&k onrae BsoneBi HRAE - $§estenF| The ghitah pSiteindarghatified b900Vser ved
as a standarfs,rbance and integration of peak areas. BioRad Gel Filtration Standard 151-

1901 served as a standard.

Mass spectrometry
The total deglycosylated mass of the bispecific tetravalent antibodies is determined
20 and confirmed via electrospray ionization mass spectrometry (ESI-MS). Briefly,
100 pg purified antibodies are deglycosylated with 50 mU N-Glycosidase F
(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



Mass spectronetry The total deglycosylated mass of the bispecific
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tetravalent antibodies to VEGF is quantitatively analyzed using surface plasmon
resonance technology on a Biacore T100 instrument according to the following
20 protocol and analyzed using the T100 software package: Briefly, bispecific
tetravalent antibodies are captured on a CMS-Chip via binding to a Goat Anti
Human IgG (JIR 109-005-098). The capture antibody is immobilized by amino
coupling using standard amino coupling as follows: HBS-N buffer served as
running buffer, activation is done by mixture of EDC/NHS with the aim for a
25 ligand density of 700 RU. The Capture-Antibody is diluted in coupling 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



In order to further corroborate the ELISA findings the binding of the

bi specific tetravalent antibodies to VEGF is quantitatively analyzed using
surface pvenmm4s®3sonance technol ogy on a Biacore Tl OO ipastePROMBMOD3SECCOr di ng
to the follow ng protocol and anal yzed using the Tl OO software package:
Briefly, bispecific tetraval ent anti bodg®s are captured on a CVMb-Chip via
binding to a Goat Anti Human 19gG (JIR 109-005-098). The capture antibody is
i mobi lized by am no coupling using standard am no coupling as foll ows:
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20 and the bound detection antibody is detected by addition of 100 unL. ABTS/well.
Determination of absorbance is performed on a Tecan Fluor Spectrometer at a

measurement wavelength of 405 nm (reference wavelength 492 nm).

Ang-2 binding BIACORE
Binding of the bispecific tetravalent antibodies to human Ang-2 is investigated by
25 surface plasmon resonance 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.
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affinity data.,.Alter i vel -2 uld be captured with a capture |evel
of 2000- 170%1W%{°2V§&E§H§£ﬁ%§ﬂ[%§%%ﬂw' (Pent aHi s- Ab BSA-free, Q agen No.
34660) that is imobilized on a CVb chip via am ne coupling (BSA-free) (see
bel ow)3 AngFer VEesalky Fagom golgstysmeTHeartsinhaiaed mictpiden plates @fe copted wdtheci fi c

tetraval ent motgyaoggy/ﬁ& teombRlaHah@lah VEGKF 8| (RAB$38%4mY 1hPBEBPRIH #ed
full-length VEGF165-H s protein (R&D %\ﬁsti]errs) nd hug%g Ang-2-Hi s protein
(R&D Syst end9OmJFMAeRBYEE 95PVSF NbBV MG bis Joei Wells 2kt Vidag . thisgi mes Witldipeci fi ¢
tetraval ent 39VEPBANG02% TileewQdy andbRike&l with@0biNd% BSA 0,1% Tween 20

for 30 min at room temperature and subsequently washed three times with 300ul
20 PBST. 100 pL/well of a dilution series of purified bispecific tetravalent antibodies
in PBS (Sigma) is added to the wells and incubated for 1 h on a microtiterplate
shaker at room temperature. The wells are washed three times with 300ul PBST
(0,2% Tween 20) and bound antibody is detected by addition of 100 pl 0.5 pg/ml
human Ang-2-His (R&D Systems) in PBS. The wells are washed three times with
25 300ul PBST (0,2% Tween 20) and bound Ang-2 is detected with 100 ul 0.5 pg/mL
<Ang-2>mlgG1-Biotin antibody (BAMO0981, R&D Systems) for 1 h at room
temperature. Unbound detection antibody is washed away with three times 300ul
PBST (0,2% Tween 20) and bound antibody is detected by addition of 100 pl
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).



simul taneously to VEGF and Ang-2 and thus bridge the two antigens whereas
nonospeci fic "standard" I1gd@ antibodies is not be capable of sinultaneously
bi ndi ng twoVbfeh4and Ang-2 (Figure 7). For this sake Fal eom/mrpodigsbiseene

cl ear enhanced microtiter plates are coated with 100 m 2 ng/niL reconbi nant
human VEGF 165 (R&D Systens) in PBS for3@2_.h at roomtenperature or over
night at 4C. The wells are washed three tines with 300m PBST (0, 2% Tween
20) and bl ocked with 200 M 2% BSA 0, 1% Tween 20 for 30 mn at room
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RU i n PBS, Tween20 runni ng er via Pent H| SAnt i bod
(Pent aHi s- Atformatlon ofa sandw1ch complex. For thls sa]Lie the bispecific tetrav ent <\}EG1~Q y

20 Ang-2> antibody is bound to Ang-2 at a flow of 50 pL/min and 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



BSA-free, Q agen No. 34660) that is immobilized on a CVb chip via am ne
coupling (BSA-free). HBS-N buffer served as running buffer during coupling,
activati omwoizsiodas®3by m xture of EDC/ NHS. The Pent aH s- foTB®fehnesecLapt ur e-
Antibody is diluted in coupling buffer NaAc, pH 4.5, ¢ = 30 ng/nL, finally
still activated carboxyl groups are blogked by injection of 1 M

Et hanol am ne; ligand 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

\r;E/G? nbdl I utmkxojt BelldJ(WTGG% lau&{:eglsrgmlgmldwbre%kct@bsemgm hy, ng\ng, 2,

> bi spe e anti bo i ndi an i S
denonst r at e?obk}g/ ct}éz%( k)‘HP Wd’t‘ﬂ Dhd5T g‘iehaY’Iao% oi?mgg S%YE T %l ex.
For this salsebseyhently apbyrelifor Tedr enpmessivn bVESEAN@-lo>22wasbdenifiesd dsound to
Ang-2 at a f} / { with
runni ng buf X eoq‘\él v%h ﬁ%}j% ﬁlea'f‘%z ﬁ%??gﬁ]g%%shgﬁenggseﬁ&oo{% QQ—L{E}SQ%

i ncuba®i on Wiieh clymeR2) rHEIE@fs TF@Dclsys?tkm; suhsequengy tzsgg fvE)celmlaPBsayso 005 %

(v/v) TweenZi o SRpiuRe Pibf /@6 o}ﬁiorflaﬁérpéﬁﬁ&&n%Q AL E aéfadolﬁdl}{ (Hsay.
concentration of 150 nM clation tine 120 sec, ISSOCI ation t| me 1200

sec. Regener nis done after each cycle at a row of 50 mL/mn wth 2 x
10 mM d yci rﬁ'ﬁﬂ-ﬁ?“b“%ﬁc?‘éz BB?&PJ’(S’FYa]ﬁ’F‘HEaS’f“YGO sec. Sensorgrams are corrected
using the USIﬂlﬁibudﬁLﬁﬂ Ang-ofiadededi Tig2 @Oﬁﬁhbﬁ}laticﬁfb?&ﬂﬁgZ WEGFﬁgnSp‘emﬁc

bi specific EGE to t Hi ks f
onen b by o R AGRL sAPodiey T mrseSubRPAD R o M ISR R0 prdialcs T or
HEK2980 Ti e2 HEQ% Tre2 dlone@2dierstinmlated avith Asg2hforinmendtes enthe abfsercangy- 2

VEGF> bi spe d T

Shosphor o1 areselied §F[/&ED MitkibBRy SROPERNL TuARing By! MLAIGHY TEERA.
HEK293- Ti e d¥iafly, 2xb0natE eTlg?-é'goneB?? Sells perawpld PRSI WL eYeTpnighhpl 2
(Rg%/kZ/ pCDNA?’oT @OLi?sThéazaaté@% Rgelf- Qh}(&d}ﬂtér bl@f&gﬁlhldvmqmﬁmamdans ,c3o0t r ol of
a r onot er cin resis a usi
Fugenep( Roc &/ ‘RE&?‘?“SHCIEC%HC%Vt ‘iayt?gﬂﬁq?‘é)é‘tfoé‘h of ¢ dg%% ﬁ‘gﬁtﬁﬁ ’cdgﬁ | s
(ATCC]5 and nesivateantintileddiss iseprepared éctedicrotit@Matel G- dConcehGoted/ AHuIGA18.

| ndi vi dual i tl

bnal yred f o] SoufnFal, pRLES U il AL SS B0 AORhe P ARKBURRERVINL T Y

hi gh and st &@BeAPﬂ éﬂut&rdﬁ&sg/cﬂ ageliold wqch@trea%éqi@@oraf AgphaligsHEARe- Ti e2

clone22). HoKgR3¢eel in%gbﬁé&ﬂﬁzl% thih ﬁtf@&ﬁ%&ﬁpérhﬁar@a@d fl @F ﬂie%wérerada&ﬁ@ys

Ang- 2 |nduced T| e2 orylation and_Ang-2 cell uI r an assa
g 9% T1e clon% 22 cells (pre-incu ated for 5 ml% w1thgl c%\/I e;kq ggg Y

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



Ang- 2 induced Tie2 phosphorylation assay Inhibition of Ang-2 induced Tie2
phosphoryl ati on by <Ang-2, VEG-> bispecific tetravalent antibodies is
measur ed woeorodi4e3t o the fol | owi ng assay princi pl e. HEK293Ploedossbone22 is
stinmulated with Ang-2 for 5 mnutes in the absence or presence of Ang-2
anti body and P-Tie2 is quantified by a sandw ch ELI SA. Briefly, 2x105
HEK293-Ti e2 clone 22 cells per well are grown over night on a Poly-D Lysine
coated 96 well- mcrotiter plate in | OO DVEM 10% FCS, 500 ng/m
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| C50 val ues or inhibition are determ ned using XLfit4 analysis plug-in for
Excel (Dose-resBﬁnie one site, nodel 205). 1C50 val ues can be conpared

within on e t but mght vary from experinment to experinment. VEG-
i nduced HUVEG:‘ommidﬁ‘ exﬁebﬁmmﬂaﬁcﬂﬁﬁ:addmadeﬂm ()I—hlbispetiﬁb,i lical Vein
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Briefly, 5000 HUVEC cells (Iow passage nunber ; > passages) per 96 well
are i htubat éma.fmsue@mplesetmsmﬁ@metmaleumesmbzéwmm EfCOBHEHE AN um 2,

Promocel | # 2GR dE- A0135r{9a5@% Rﬁmglcwal b NEUSI4-eRineBYE 2NV H-CH 12dé0hinagen
| -coated BD Bi ocoat Col en | %I crﬁ)tbt e I atfe 51‘? #35%407 35640
over ni ght. fN&eYPhan éBW&%ﬁt‘ie&?%ﬁggd’fn& figy they ?}Eéggs B Y &'P8tYaval ent
anti body ar gaidi an€itody tdtoghiMnGARS (lEQ/lp’danﬁlb’)aﬁlsmg 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



concentration, BD # 354107) and pre-incubated for 15 mnutes at room
tenperature. Subsequently, the mx is added to the HUVEC cells and they are
i ncubat edwbanio7/@stzat 37C, 5% CO2. On the day of anal ysipeTtHPeO0I083560 | S
equilibrated to roomtenperature for 30 mn and cell
viability/proliferation is determ ned uggng the Cell Titer-Gd oTM Lum nescent
Cell Viability Assay kit according to the manual (Pronega, # G7571/2/3).
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obt ai ned product wasc faracterized for identity by mass spectronmetry and

anal ytical properties such as purity by SDS-PAGE, nononer content and
stability.




These data show that the bispecific, tetraval ent antigen binding protein
can be produced in good yields and is stable. Subsequently binding to Ang-2
and VEG--woasivakiozas si nmul t aneous bi ndi ng was studi ed lpgTHEPRGEA 063360 Bi acor e
assays descri bed above and functional properties such as inhibition of Tie2
phosphoryl ati on and inhibition of VEGF gguduced HUVEC proliferation are
anal yzed showi ng that the generated bispecific tetraval ent antibody is able
to bind to Ang-2 and VEG-- A and bl ock their activity sinmultaneously. Patent
Clains 1. A bispecific, tetraval entPsteiai Qmimbi ndi ng protein, conprising: a)
a nodified heavy chain of a first antibody, which specifically binds to a
first antigen, . - whi ! . Of. id-he in additionally the
VH CH domaieihs %]glssé?%ﬁ@it%&v%hf %@(%y%ggemg gllgged&vc?)a t%rehl ' N-term nus; b)
two light chains of said first antibody of a); c) a nodified heavy chain of
a second antibody, winhedifispbedvlyichain of afirggantibedy second anti gen, wherein
me EHI domain is ][Qﬂii&ﬁ?ﬁ%eﬂ%aﬂ?ﬁin@bt@@ﬂ?ﬂit@nﬁ’éeréai d second anti body and to
ich Cterm nus of sal eavy chain additionally the VHCL d i of said
second® ant i body are af‘ﬁé‘é&’h\fi%adf%“?uslﬁafé?‘ﬁlih?ﬁg cﬁﬂagﬁtl?%lyﬁhﬂwggﬁl i ght
chai ns of said secoridnaitsidfegiy firkt etibodhearedusedtvigthelr Nioeraiinus; S repl aced by
the CH donmain said,s nd anti! .24 The.antigen binding protein
according to cl E’Bm %Woéﬂggfgﬁrésﬂ%%@q? t%’ﬁlgf)g&ﬂfe%% dormai n of the nodified
heavy chain of tche amodiGddhedvyahamraf atsgeordHgtidodni n of the nodifi ed heavy
chain of the anti bodqy; : Lt erface which conprises an
original interface %l%ﬁ%ﬁgﬁgﬁgﬁgg%ggﬁdggﬁ |nr’1$' wherein said interface
is ali@red to pronotéereie thorhdtdasmains repkaced bpdhs €1domain phsaifd saeondnt i gen

bi ndi ng protein, whepgbsdyt SRl @B WEICAIG-Rfmirfus GT3aRAGIAVY 2R4niaddiidaklly the t he
CH3 donmi n of one hw_yCLchdau n.is O?I te&

omains sai es%c’:ond 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



so that within the original interface the CH3 domain of one heavy chain
that neets the original interface of the CH3 donmain of the other heavy

chai n wi twonoidmassspeci fic, tetraval ent antigen bi ndi ngcprepb@ionossan am no
acid residue is replaced with an am no acid residue having a |arger side
chain volunme, thereby generating a protayperance within the interface of the
CH3 domai n of one heavy chain which ispositionable in a cavity wthin the
interface of the CH3 domain of the other heavy chain and ii) the CH3 donain
of the other heavy clpakifiohsbl@ir £ER4ky veithih lited inwirfabeé of the €€ H3 dgaialofitid er f ace
of the second CH3 dongin.that .neets the original interface of the first CH3
domain within the bi ¢ eéihf?vé',chf’lg‘[ raval ent anti gen binding protein, an am no
acid residue is replaced with an amino acid residue having a small er side
chai n vol une, therebyndenerating a cavity within the interface of the

second CH3 donain w tiigitﬁb @ﬁb%rl?airp()%l:'%ﬁ{e@ﬂ%v vghtdmigaftg}%d,i nterface of the

first CH3 domain is positionable. 3. The anti gen binding protein according
to claim?2, characterized in.that the said am no acid, resi due having a

| ar ger” si de chai n volsafeativathiniheqriging! ing ?‘}?é)fé]i‘%i?ﬁo%ﬁﬁ%s‘&%n targi ni ne
(R, phenyl al ani ne (Mmjeetd the ofiginal {n¥orfack by fHeOfbEOHE \dbmaitwithindhani no aci d
resi due having a snaller side ch:agiq VP| urr?e IS seltect ed fromthe group
consi sting of al ani n@PRFIICSSIRYAlen GptiegFpdRe PIOWIR o) ine (V). 4. The
antigen binding protein according to clains 2 or 3, characterized in that
bot h CH3 domai ns ar e ahamiheacid kesedueds bgplackd witht ancuiod iacid refidey/bavéigie (C) as
amno acid in the corfgf | 36 POSIuie O reB By Lihigyeh that a
di sul fide bridge bet ys\eenagggﬁ CII-B ﬂongi nsr cgrggﬁﬁe'fl%@n%d@ Al\ net hod for
the pteparation of alBpdpEqfithesecprd Cal3dapain yathinywhichiaIPAgeIsnet ei n

according to clainms lyiitin the ifRPMAES 6 the firATISI enfaiffis Posifisrbi or M ng a host
cell with vectors conprising nucleic acid nol ecul es encoding a bispecific,

tetraval ent 3§1nt i 9% agligéjni hqui%rg%}(ﬁieirr]l a%%&%dgi 0 %latlr(r)l 2(,: lcﬁailrggter]izetdom%hat
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.



b) culturing the host cell under conditions that allow synthesis of said
antigen binding protein nolecule; and c) recovering said antigen binding
prot ei n nwbeosiwBsfosom said culture. 6. A host cell conpriperng81000356€t Or s
according to claim5. 7. A pharmaceutical conposition conprising the

bi specific, tetraval ent antigen bindinggprotein according to clains 1 to 4
and at | east one pharmaceutically acceptable excipient. 8. The bispecific,
tetraval ent antigen binding protein according to clainms 1 to 4 for the

treat ment ofe. cancgést c8l chinprisihg thevdtorpeciotdifig td @him@gal ent anti gen bi ndi ng
protein according to clains 1 to 4 for the manufacture of a nedi canent for

the treatme of, cancer. 10, A nethod for .t.he treatnent of a tient in
hoed of -t herhoy A SRBFGcEwiL st AShenTRESPE M BRI s Bt ghiln

t her apeut i cal | y biddirg proteinacterdingab daibisslpectd hnd at keedtrome glhemacenticajon

bi ndi ng protein a@géi)?z{b% Q)g:iﬁignt(.:l ains 1 to 4.

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

for the treatment of cancer.

9.  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.

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

tetravalent antigen binding protein according to claims 1 to 4.



