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Bi val ent, bispecific antibodies The present invention
relates to novel bivalent, bispecific antibodies,

Wwouhiogo2¥dnuf act ure and use. Background of thePCHEERR0BON704

Engi neered proteins, such as bi- or nultispecific

anti bodi es capable of binding two or nore antigens are
known in the art. Such nultispecific binding proteins
can be generated using cell fusion, chem ca

conj ugation, or reconbi nant DNA technlques A w de
variety of reconblngnﬁkbbéwﬁ@ﬂﬁFénﬁhwh@bdy f or mat s
have been devel oped in the recent past, e.g.

tehe PradeBnt inPérRAC irblafes 2t ioQell Bsvalint,f bipedfiofantodies, their
an I rg&antl bdo“% format and single chai n domai ns (see

UEHEL et al, Nature Biotech 15 (1997)
159 163; V\D2001077342; and Morrison, SX. , Nature

Bismcgmnzl&f(;mnmgnﬂ&ss- 1234). Al so several other new

formats wherein the anti body core structure (I1gA, 149D,

| L igéeggl xrotélggbsg&l‘?aM— lop ﬂgﬁ%sﬂeahg'aﬂﬁgocﬁF§&p§§ e%'f @hndmg two

et ra ), sever a
f o Mersanftigeny arem“gbmvt)he ayh Sueh multispagip b@demg BTOr'i%%Pﬁ gan be

Fg&eghrtedmﬁﬁ NédI9Elision N ahemh@e nc&\gt@it%e d6Hobekb@BInant DNA
et al ture Biotech 23 (2005) 1126-1136;

FieSuHgres- N | Leger O, Pathobi ol ogy 74 (2007) 3-14:
Shen, J., et al, Jour nal of I munol ogi cal Met hods 318
(R@ﬂ&lé v&rdety 4f rdbbmbihant dispadific Naibhody fBrabtesdlave been2d¢loped in

f use %ﬁ-ﬁ?%as% A%% dlselflgagzrllg&r P’Ehgtlf?cs %nll (Qﬁgsr Pé)%lglgﬁ roft Q. g( an IgG
aarftihody dermatnanch glngleocth@lrh Q@agls (ssﬁt:f;g) Coloma Mds eet al,gNature
t ¥R et 5f (l@gﬂefﬂﬁl@ﬁr wohvo{d7796h edﬁldI\MorIlré%ﬁeS 1O, Nature Biotech

obi 0] 0 (2007) 3-14). l'e it is obvious that
Iﬁ]&@ }?égelzééﬂ/ant ages for the engl neeri ng of

bi specific antibodies, they may al so cause problens in

t ABo aaetdliomhe&eiew fbgmatslwhteed thd hettedyeoed gmqnmyat(lgmslgD IgE,
h; ?%M? 1shn8‘ QO}%%Qt%r{)egfs%ggﬁég { agakrlarc’ t ort pe?rai)(acﬁll oy g "minibodies,

I senkre} singlg rChhmrfonma@ (s¢BveBistssky )b Ménqlpamq rcepdﬂe phbieling two or

{%B}é gﬁl‘f‘geﬁ? KeSe tblgngndgpﬁi(gpeﬁfquFﬁgép PRr Qg O[Llé(t'il'r& Blotech 23 (2005)

eava%é pot ent | Q poor anti bod
iy Fisglggr @bafd?g?ﬁ Q@nd aF}W@F(é‘a@ea K?fﬂWﬁoﬁéﬁr Shers J., et al,

I ]bu@ﬂ’éi Ioff [rauNdE-gldY Mg ds 1308 (B0a) B5-f4f RGi, @, dt Ul MNat@RBiotech
#156&0879) Fr9Y: 1289)an enent - dependent cytotoxicity (CDC)

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., Léger O., Pathobiology 74 (2007) 3—14). While it is obvious that
linkers have advantages for the engineering of bispecific antibodies, they may 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 retain
effector functions, such as e.g. complement-dependent cytotoxicity (CDC) or
antibody dependent cellular cytotoxicity (ADCC), which are mediated through the
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ant i body dependent cellular cytotoxicity (ADCC), which
are nedi ated through theFc receptor binding , by

wonzedosedsai ng a hi gh degree of simlarity to nBCUERRI0$/010704

occurring. Thus ideally, one should aimat devel opi ng

bi specific antibodies that arg_very simlar in general
structure to naturally occurring antibodies (like IgA,

gD, IgE, 1gGor IgM with mniml deviation from
hBaaacepastUbindas. , by eamtaippigoactighidepeei éff sindlatitbodlirRsurally
that are very simlar to natural antibodies have been
p?%célﬂr&% usi ng the quadroma technol ogy (see M I stein,

C. and A C. Cuello, Nature, 305 (1983) 537-40) based
ofihuhédesByraenc shaidd aimost dexslatiing dispacifinyantibadinn thasl are very
| Liffir SXBERSR AEicE! 10 IRARG 'oQElﬂhn?rhtn'uBQ&iﬂeﬁth igh, i8S, IgE,

desired Specificities of bi specific ant

B ale M withh minigmad éﬁYlﬁtéfPfr frﬁgl rmangeaueRgeer ent

anti body heavy and light chains within the resulting

hMbbhéjabyﬁfatlﬂ(b@eélﬁf agtiBediedTehat Ged k'eﬂyldilﬂllaruﬂ) hﬁtu}*}aﬂrhnltxbodxes

rent_a cies,are generate ch_on

ohires ieprrr St Baine PR bR BFERUGHT foed MiEBrg® ind A

D.”Leeltoo thereoﬁomwémééhﬂﬂ) tasydadrr gk swppatwdiusios, ofame different
gﬁicfdrﬁ;?@éli gnése%?gglrgr QQH%E'ﬂgnyd(ﬁ{a@%ntlg@ﬁst with dthe desired

I stlcate purirticatl on rocedures are require
§R§é1 fisitigs afpthe Rispecifis. pntibodyadigranse) oft berrapdommpairing of two

133@1‘&12 3dtibodynhespedl lightechapiByihifthe Feitidd BsHd-Bfbridoma

rod cts re ins if reconbi nant eégresm on
adineea)gell linedtp toisn shitferent antibgdy. specishpisaengited of which
pbﬁ)llszlc&mwfthérﬂeqix&'dr ﬁdlcbyﬂilddqlbtfﬁc a\nhbadi]y i Buk tootie @(Spresence of

;j@%%glrreclrl] Pf)gpnr Ss' eav an& Be'&% rorgguétioqlg ylelds, eans
nestpduistigated |pmlﬁcathm Bige nmmsreqmrqdddqzef &8 tMerraﬁont &t , Nature
' Bfo@écfha% (2%7?”93@ hl%@) by E@én@ﬁl NRe 2Ginfls I?P}@El@m of mispaired

repl aced am no acids wt hort side c ns to
ch@pduds r%l@sl f resombanand jeypressigmischunees aff wied) ar ge
side chains were introduced into the other CH3 domain,

t ﬁn&p@fﬁa&h go cifﬂﬁbvent Bhe pasbid ©f fisjRired 8§prdduets Rl is known
cnajn and,t

|. Light chai h t
o8 AP EPTIRLS, 6D ot Fthiag Ge aErRet tom GREPE G4 heavy
hetagmsobly metrodwuimg muwati¢nskimdd -the |G deerasnsstch onldfiynthe contact
f H{t{?atc% O(Bn% gghﬁn I?)ch&f a go agag Qle@x%gla)ce%tggﬁ)e&\(&%lth short
19969123?(9&99 cregtgea b@koe@@rafgésehf ARl 1ith lesge sigletshains were
f intidaRked b SRS BEhePYCHIE H@ﬂﬁid 16 ckdage h MR &fbxpressmg these

21 B <Biee (et ¥ Flsaicat Fahe Sin, o RVAL bf poljapliate for
Sbﬁhl hd:aXr? dhmshehigh odelderof Hebdrodingnt forBatibn (&noblhole’) versus
S b GinBr HoEGRidE (411%9&;16’677ckn0b knob’) was observed (Ridgway, ].B.,
Presta LG, Carter P; and WO 1996027011). 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 disulfide bridge to
stabilize the heterodimers (Merchant, A.M., et al, Nature Biotech 16 (1998) 677-
681; Atwell, S., Ridgway, ].B., Wells, J.A., Carter, P., ] Mol Biol 270 (1997) 26-35).
New approaches for the knobs-into-holes technology are described in e.g. in
EP 1870459A1. Although this format appears very attractive, no data describing
progression towards the clinic are currently available. One important constraint of

this strategy is that the light chains of the two parent antibodies have to be identical
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Wouh®/08msBs - i nt o- hol es technol ogy are descri be®CirEPe)0g/010704

in EP 1870459A1. Al though this format appears very
attractive, no data descri bing. progression towards the
clinic are currently avail able. One inportant

constraint of this strategy is that the |ight chains

ofo praeerit Whispafiagnaidiniaibines indstivetraoleeulesd @hiss eliib tehnique is

t m. ' d.f ti .Of i [ . . "1
TR T N TN T —
eggaidsy tweuetiggnis startieg &oi hemantitidies aainst Biesfoetaid the second

i bodi as. ; . . ¢ s
g%[t%%lq, he §1tﬁ&%h@%ea%h??g logqﬂg’s(gsa{trﬁfé)%ﬁfég Al AMHeMAentical light

“bodi es agal nst rst an second anti gen,
achagnisthase tq breoptimizgd-chai ns of these anti bodi es an/ or
the identical light chains have to be optim zed. Sinon

Tsinfin Bl ot aEMBABIDJHURALL, 9 9149099031 1058 reld@S8 dOkflEsnuitonts of
domai n m tant.g%ﬁf nonospeci fic anti bodi es. Summary of

t REPPIRFEWEPBHCAHE i nvention relates to a bival ent,
bi speci fic anti body, conprising: a) the |light chain
aSuinhmeay of thh dnventibnan anti body specifically binding to

a first antigen; and b) the Iight chain and heavy

C’Bl?é f?lvgxgti(aﬂrewési tB Q%Yvafl\’&ﬁ,oc;igdﬁgﬁg la%eibbdd ic&%ghgn . second

ant1 gen, erel n the const omal ns CL and | are

repl aced by each other. A furiher enhodi ment_of. the

i nvend) thalight f&lamma%?h%e} Wéﬁg@v sessifspllypinding to a first
bi val gitigenfdrlpeci fi ¢ anti body according to the

i nventjon..c ri sing the ste of transforning.a

nost B gAYl hgedy cEE BT of iy Hadt BRIAGIP hidk to.a

mol ecsecersd amtiged] whereinethk cgistarg ianmaims L med G 1chaiaplased by
an antjhody..specifically binding to a first antigen
-vectors conprising nucleic acid nol ecul es encodi ng

the light chain and heavy chain of an anti body

SReGtthi£ by dihdddiofGhé tn@nfi6k ANd A&hbEEHr (NNEFePhRtbASS an a
const ang, d%r!]‘ﬁu ns. Cé and ?%Sl are replaced by each

oPwalent, Bispeqilic Itibogy pFrOTABE L0 e INVEI®Er condi ti ons

that allow synthesis of said antibody nol ecule; and c)

r ennpEsingithesedpd ofint | body nol ecul e from said cul ture.

a) transforming a host cell with

-vectors comprising nucleic acid molecules encoding the light chain and

heavy chain of an antibody specifically binding to a first antigen

-vectors comprising nucleic acid molecules encoding the light chain and
heavy chain of an antibody specifically binding to a second antigen,

wherein the constant domains CL and CH1 are replaced by each other;

b) culturing the host cell under conditions that allow synthesis of said antibody

molecule; and
¢) recovering said antibody molecule from said culture.

A further embodiment of the invention is a host cell comprising



10

15

20

25

30

A further enbodi ment of the invention is a host cell
conprising- vectors conprising nucleic acid nol ecul es

WOee$028g t he |ight chain and heavy chain of ®QT/EP2008/010704

anti body specifically binding to a first antigen -

vectors conprising nucleic acid nol ecul es encodi ng the

i ght chain and heavy chain of an anti body

specifically binding to a second antigen, wherein the

c OnStvattbrsjmm{brliSanudéld a6l mdéﬁllémka@lﬁg thyligitathain and heavy
Ot hef ainfdfh hpgo?fsggggcaﬁg/ c?ln Ceul srt-;]\a{r?tlrlléelnon 's a

conposi ti on prere Ical~”or a

di agnostic conposition of the anti body accordin
t he -ivactert Gommprising piuddie acid mideriutas encesfing Hae h@lvefglmrmnd heavy

i's %h@ihasﬂaﬁ%tn'bsa} sgarm&ﬂwl%n QBD;[ 'sédorﬁa RA! WIRFYNn the
accordi ng({o t.h e ntlon

pharcRBY @i damiing chapg Sithbtre reai%qee by fic %ﬁmrt her
enbodi nent of the invention is a nmethod for the
tAeélhﬂtbé'rt ediboaligpait esft the m@em‘hcﬁf i her a@mﬁposition, preferably a

aract eri zed by .adm ni sterin # rﬁ{?g%gGCOHHHgtO the

earrg‘f%é% }C%ﬁr’ry BRI, RS ‘
am&@ﬂdnng to the invention. Detalled Description of
the I nvention The invention relates to a bival ent,
bAs P@I@l‘l&fr' erdBHIRARY of Cﬂ’lrép'iﬂv%hﬂgn ) tlﬁﬁa#ﬂ]%htl&mah&n osmon
and heavy chain of an ant odg 8lc|f|call blndlnq
a“FPPRYNGNER g@Rtibedyd 1&)601&4%% YhthecHAYSRUQAd deardf least one
Chledrmaocéutinllypadcefrably esgipienf.i cal |y binding to a second
antigen, wherein the constant domains CL and CH are
ngurgﬁer?elniﬁlogﬁ grgt 3{&1]&? fnvl %ng {esgerrgetf;ad g(%rlkﬂrl\éfrleiietln gei%]tt OE?-. gathent in
amtdaOﬂ‘ thegapyh ehauyctchandn by) fademniateting ddythe patieht a ghemppeutically
b i nd |ight
T S PO OO R eREERT Oy
specifically bln%lng to a second antigen, wherein the
delailed De ol 8 @k of the second |ight chain
and the second heavy chain are replaced by each
oTheinvditits febitestaiadivubdnt/dnshecifipaatibodyakdyiphsingi ng to a
second antigen the followi ng applies: within the |ight

Cenathplight chain and heavy chain of an antibody specifically binding to a first

antigen; and
b) the light chain and heavy chain of an antibody specifically binding to a second
antigen, wherein the constant domains CL and CH1 are replaced by each

other

Therefore said bivalent, bispecific antibody, comprises:

a) a first light chain and a first heavy chain of an antibody specifically binding
to a first antigen; and

b) a second light chain and a second heavy chain of an antibody specifically
binding to a second antigen, wherein the constant domains CL and CH1 of
the second light chain and the second heavy chain are replaced by each

other.
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the constant |ight chain domain CL is replaced by the
constant heavy chain domain CH of said antibody; and

WORDHIBeRSB he heavy chain the constant heavy ch&CHER08/010704

CH is replaced by the constant |ight chain domain CL
of said antibody. The term "apti body" as used herein
refers to whol e, nonoclonal antibodies. Such whol e
anti bodi es consist of two pairs of a "light chain”

( Thys fondaid ahtibadyyspetificaily Himiihg s aisdrohd ghtigenithe followidg
/heav %haln pairs are abbreviated herein as LC HC).
TheF g t chai ns and heavy chains of such anti bodies
awéthpothgpight ¢haés consi sting of several domamins. In a
whohe c%ﬁ!sﬂaf?@lﬁ’g\ht RARRRERY Y LGhA Bc@d?ﬁ})ﬂ{e%ﬁstémh?e% cham
chaln vari ab regi on (abbreviated herein as

VH) 9%@"%CH&9@?“EH5WH Eonstant regi on. The heavy chaln

Cgﬂ$Wﬂﬂh1ﬂ@gkaﬁfﬁgﬂprlSeS t he heavy chai n constant

dongi ns and i.bod

oIS Rt F g e ey e HePR e shatapk teAPthain
dondomaioHaL phsaid oaihodgl asses | gE and 1gM. Each |ight
chain conprises a light chain variable domain VL and a

| i n. t
ngﬁg?g airfglcl:)gg??%sﬁ&tedqﬁpaﬁ g%fg'sbtg d\pﬁolg’ &H{?&%&ﬁal%gg&%es Such

i whelenmtibedigs cvwsrmé two prire of ar liahy ehair nﬁrcﬁsamdw é‘mawmgham
caqcp@sdcumghethaw bOCy iady LRMiR phRYhRbbAdviated herein as LC/HC).

h variabilit termed compl e tarlt ni ng

iEF i f(}’éfﬂf!)andx‘ﬁ?@’r%é’fss%fdn&f Oéb‘is&ﬁ‘ng]BfaT S cRbisting of
C sgvaral ‘deﬁhalﬁse inmadviidlaarilbsdy, leadh bﬂﬁy (CER)I congsrised/l }&de chain
f }rzgh%%ém ga%k]reﬁhaéec{ Eereglr %SOI)-(I?'\]H{ and’ s%z{v?fnglam constant

s in?
f odgianai ’Elge dmedefr chaiR| conSBRL redif C@mes FER3S  he@pR8haiRRdonstant

( élc]ﬁgﬁl\é%l %I@Z and r%H?(arﬁlb’odgf 200k I%A rngnQﬁ)d %@)géhd %)tlonally
['1shi
N@h ht@@ Fh*ﬁﬁ [FeRstant gy @8 @‘}tlboﬁbfél%sﬁﬁé s%.aflé Ig}m Each light
heigaiy fc@hﬂirfheﬁgdh%ﬁtgﬂiatuﬁ h@hﬁblé tenhdin Vel %aa@a hg cﬁﬁml constant
eclTl I nal n sane a u al
REPpsuE s Phs BGHPE A oRE Reubll Frbimind Mol Sty The 1o
amilﬁbdabd ls%bwmm:g ud &Figl gThermbleaddrmdiasiVés and Miaean be further
(_ch\ggéecf fhctg ICYF%/ g}?sr bF h@k&{éﬁﬁggﬁ? ' teQ'H éégf%n?e%%elrt%? %'e?e%mining
rrmgams £&PRBo @Irlltel§)>eragd | witly regionpethat (,fﬁarlal@tfe rdogsdryed, termed

pﬁ@ﬁﬁ%i‘l@%eg%xﬁ (PRY BNV HESRE VLA |c¥n$5§‘écde6f ﬁﬁieeaCQRs and four
h nan or ni zed anti hodi es, especi all
Ré)A5rang %ﬁﬂn%‘? -teToHANS E‘éﬁargﬂﬂ %mugg 1n the following order:
FRI, CDR1, FR2, CDR2, FR3, CDR3, FR4 ((Janeway, C.A., Jr, et al, (2001).
Immunobiology., 5th ed., Garland Publishing; and Woof, J., Burton, D., Nat Rev
Immunol 4 (2004) 89-99). The two pairs of heavy chain and light chain (HC/LC)
are capable of specifically binding to same antigen. Thus said whole antibody is a
bivalent, monospecific antibody. Such "antibodies" include e.g. mouse antibodies,
human antibodies, chimeric antibodies, humanized antibodies and genetically
engineered antibodies (variant or mutant antibodies) as long as their characteristic
properties are retained. Especially preferred are human or humanized antibodies,

especially as recombinant human or humanized antibodies.

There are five types of mammalian antibody heavy chains denoted by the Greek
letters: o, 0, €, v, and u (Janeway, C.A,, Jr, et al, (2001). Immunobiology., 5th ed.,
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There are five types of mammalian anti body heavy
chai ns denoted by the Geek letters: a, d, , g, and m

WOoQgesNay, C A, Jr, et al, (2001). | munobi oPEHAEP200810K)704

ed., Garl and Publishing). The type of heavy chain

present defines the class of.gntibody; these chains

are found in IgA 1gD, IgE 1gG and IgM antibodies,
respectively (Rhoades RA, Pflanzer RG (2002). Human
Pydand Bglyhshﬁtg) Ehk typdlodieay cheiarprieseg) defies thedhsshdausibody;

Cﬁi%;é; 3}'1%%% eFJ f(ﬁ.&tsis LW %i”]ﬁ n%lj: ggﬁogé’]d Ny I%/I garlll%bﬁdleg n}e%&tlvely
ﬁfimxlﬁ!nd%/é,l \PasgEraRchd26@2)dsHumash th«ﬂyg)c hétn edas Thomson

 pearh g ol‘jﬁtm&hﬁeaw Qﬁ&lﬁ@tdlffé?gh Qe é&ﬁp(ys?tﬁdr?% #nd y contain
regi on, The const ant nis.i glgntl cal i1n al

L ARRTERAEY 4PO AmEnCasiRS wé@w,s@ d ehgye %HPFP’@F?“?IY]%O amino acids.
anti bodi es of different isotype. Heavy chains g, a and

dEifdilVl(Bea&y cldis hantwd AgiciB, therpasest efioh huhee}é@ oaﬁe_tb@miegion. The

an | . .
- SRR tion 5 ifen Bl iyl il Bodigt,pF Bhe sarffischypt BAP diffrs in
Nar titRelies| oindififetend i{o2qes He@%y cb@ns yheaand ¢Haves mnatagt region
h@d’rﬁFé‘seQQﬂ%ﬁx@%ﬁs‘%&t%n‘Pﬂmd ph, Ilrﬁiif:kﬁg‘ﬂr'ﬁ&@i%) and a hinge

Janewa

aregiqmfyy arlded Berihibey ¢ 6Vegé.), Brione ., NabRehmimunol 2 (5004) 89-
dglﬂ‘ el gpxam%r I?ﬁalédirél Bbleea rc@ﬁétﬁ)lgt %gl(%ﬂfqeoﬂl payed 6h|@(|hﬁr constant
i,ffers in. antjbodi ro i ffer ce
pPmALS( bolTE oy Chui dareyrpa cda fy &t & (2000
slmgiuaoBlod@yl Sh e, d@drlandl Putdishihige Ve vabibée r@_gmonf dfe heavy
eaﬁam I'Hla’ﬁé/rX if I'R('t]l o{h%s %Pé’cfu% él %gtcfll:f%reétlg S nlg)uta?tﬁg s:Lx%anor all

narmmdseStmedecedrfe' amngletBNgellt ypBselbt OInlegBhe vdriable, regloncef each
aﬁ@avgaéhlaﬁldls Appsiamalely 216! afARP3cidlongtarld Q;héorﬁll%’s'e@ Jf3Ssingle

UCCEesSive donmins: one constant ‘domai n one
vartibgslydogtie n VL. The approxi mate | ength of a Ilght
chain is 211 to 217 am no acids. Preferably the |ight
chaianiaald therp raae ()Kl)y Mogﬂypey:dsfaliight chnig, whechcareshied lambda ())

T L
camposé virgble @csmusé& Hahegippraxahete length of r dight dtairois 201 to 217
ﬂfmrﬁ%ﬂa{dﬁ@k&g&tﬁ%@il?@t éHaﬂg sed %?pg Qxfﬂ‘ﬁ%}ﬁ &QWQﬁ%gﬁggnsmm

ant i bodi es” 'acco ? I nvention can
af9main{sk isprefgrablyfakappaicly gE, |1 gG and | gM

preferably 1gG or IgE) or subcl ass (e.g., 1gd, 1g&x,

| ty@ terhﬁ%odo@l@nafiﬂﬁlﬂ or Pn6hedl ekl )énhﬂ@l}) com'ﬁ@ﬁ@&y as used

th. di f h the b f
ARPod5 B dtot dITREPTELRT 1S THUBRY | BHRCGtath 3w dpano acid
acorhpogider. of t he

The "antibodies" according to the invention can be of any class (e.g. IgA, IgD, IgE,
IgG, and IgM, preferably IgG or IgE), or subclass (e.g., 1gG1, IgG2, 1gG3, 1gG4,
IgAl and IgA2, preferably IgG1), whereby both antibodies, from which the bivalent
bispecific antibody according to the invention is derived, have an Fc part of the
same subclass( e.g. IgG1, IgG4 and the like, preferably IgG1), preferably of the same
allotype (e.g. Caucasian).

A “Fc part of an antibody” is a term well known to the skilled artisan and defined

on the basis of papain cleavage of antibodies. The antibodies according to the
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same subclass( e.g. 1gd, 1g&4 and the |iKke,
preferably 1gd), preferably of the sane allotype

WOQeys0[aucasi an) . A "Fc part of an anti body" PCE/ER2Q08/011704

well known to the skilled artisan and defined on the

basi s of papain cl eavage of apti bodies. The anti bodi es
according to theinvention contain as Fc part,

preferably a Fc part derived from human origin and
pirsfestiab cyntain asofdpart,arefesabdf a Fogattudenived drost Antnan origin and

r ﬁgéf%lzlg aim)?ne': %pﬁ?%% t}}%fhu%Fana& sggg}/eéio%s [ dlgct n[Lga\f't (af);m antibody

a@t divestly @mvcévmjl incconeplemeny aqund@mgClunnkielg; 68 activation and Fc
| RicbpRPSfdRthe Wh@é"metiﬁﬁlyer{%@ ok hR aﬁﬁ%ﬁ?ﬂ{e C%Yr%lgmzﬁtssystem is

dependent on certa flfr con | ons
IHerm

c deRsEdenhonyesfain go in CH frraustd bgfadqﬁneebmﬁimg sites
bimtherRg paitt &Sc}ﬂflﬁdiﬁ@@i/ték drakhben $i eHeat3¢ of the add indadtdcribed e.g.

(BB Ebko5 45 e0ila g Imap AT 2098 25 rselip PGSy, R. g Cebra,

| fruMiol. Intb6uricl ORD)1 999)79(F1FL7; BurtbonD.RD, dRal., Matuad 288 (1980) 338-

sg%i”ﬁo%ﬁﬁesl(e&gﬁ@) t%g o%@"@?}ﬁ%‘”ﬂ‘??ﬁﬁgg §9§10%5Ed@og{e, E.E. et

ahl., J. Jmmumalnd64 ( @9) 80b184;1 Hgzargtg MM Hézaelf, dh Vingl., 7&(2001)
ah 216101218, rMbrgaK5A( gpﬂ“m%f%%%ﬁ@%%ﬁ%@l divd: EIf‘@ 307 434.

nol og
séeﬂl{?ﬁ &q@teg.afeeggaﬂ )L§35 %%237@ 1\122@51531|§2¥é20|\1§39272 P331 and
EB3B) (#3@BeriBAZcordgltcafl RakR éthKﬁbeﬁ[ Is&gbalﬁﬁﬂ)f dinfiBodies of

e T 52 FPa0bgad e RE Tt so Y egﬁ&m&%wﬁlpgn%&ﬂ binding

aemd WAt aconamm, qvhsrendilpg4 alvdn@3activatie the icomplenteat sggem, do not
ﬁgi (@'Rhs[‘rﬁlt dPEt At Re CRCPLATRLE AR Cg ¥t51!'s nﬁ% P?:a}art

and do not act | vat e er a
a_human Fg¢ The term Chl rrerl c anti bod

Le ferm oChé‘ﬁeréﬁPP ésfﬁﬁrﬁosqrh@nt&%ircpgmr@mg@gmﬁ e region,
I i.&, blnﬁiﬂgddeghgnr £8MmOfhe Jousdd &rb@eéiéﬁﬁrﬁﬁ‘at%asﬁ@ 6ftﬁfn @fmjconstant
at I ea(i or %3 of ta const ant der| \ <€ % ¢
e a B a Bk ChoRee o iatary Pl piinabyy FBBinan
r BdArbichaiguedGhimedhantbedies Ghipesing aanﬂmiwdare@le region and a
c S r re "
BTRGh "Ffudhe CWRQHE 8RR QD Aol KRR of chimeric
ofntibasiare pReonaprssadoli G pressabinyardeniatsythpseeingyle sle mlne constant

| PRSRIH hRbedh trddior dhahbd o htBatCTiRe @Hgmﬁlecgitfgﬂd?%generate
b en nodi fi ed or changed fromthat of the orlgl na

< BrSWRgTes dgeording Lo the invespent pwscial &t drgigd 1t ¢he binding

[ m:v&/nt Foecepp € BRI biyiding. Segdachimiefic @htbddiesdire alsanefedred to as
Fe 1 8CeRLr R)g;Rin .Suc anti

ar céas‘,sJl i Soc}}eélf érrlt(r:beg 1 0 Ca&Shlglefl nt%mg{e?;haé% png%ﬁq %ts .expressed
Cimmgnpglobwtin kgme%sompelsmlgewﬁocmgmemﬁ mcpdmgs gumunoglobulin

: mg@{egm#sla%dg@msse%m&' éicBSmQNﬁuﬁl%%g%Hlﬁmeé&ﬁ%? Begions.
Methods for producing chimeric antibodies involve conventional recombinant

DNA and gene transfection techniques are well known in the art. See, e.g.,
Morrison, S.L., et al., Proc. Natl. Acad. Sci. USA 81 (1984) 6851-6855; US 5,202,238
and US 5,204,244.

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
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vari abl e regi ons and DNA segnents encodi ng
i mmunogl obul i n constant regions. Methods for producing

WO0I8p28 ant i bodi es i nvol ve conventi onal rec®CBEP3#I8/010704

DNA and gene transfection techniques are well known in

the art. See, e.g., Mrrison,.gS. L., et al., Proc.

Nat|l. Acad. Sci. USA 8 1 (1984) 6851-6855; US

5,202, 238 and US 5, 204, 244. The term "humani zed

alptat'elno dymumeglebahrt dnanjrefeodd embioﬁirwkﬂtch mdimefmlanﬁy\gmfted into
éhenﬁ'?m Wt r%tgfcl):r)ll CE;% ﬁilr%%nge ﬁiég Igrl S:Prse thm r)aarrl%eode ?ntlbody

ofSeddiefgf, éheqlmmaslpebb 141 du,tl‘iatlasr 3(36@%;%@23@2“@ h§¢uberger, M.S,, et

t BEPRERDE 31 ATLRB9LERYID NParkiBuBrp lp‘?éf@{r&?@:]ﬁ@&%é}g%d t& those

murine COR is grafted into amewor k reglon

ha¢RpseaHRg b%sfayeltcss PYCEPEIHENG hEhe' RUHEENSz 8Qteshtabperiyfor chimeric

Sﬁﬁtlb&h& Othee (R NdT, "hluman%edadntbboﬂﬂzﬁ'uE&o%i?as(eaqggihe present
23-327, and Neub et . al

er
( T8B5C a8 oty IRRTICh L1 S b iR hischeepRATigRAbsperifid or
t ohirfged drone piae € id orgginalcpneibodp to gargate zhapropleies according to
t h i C hes. O he
7 i ARRRE, Sbe S Redo LR R AL RS, P rREbror (Fen)
pbesiémﬁ- i nvention are those in which the constant
regi on has been additionally nodified or changed from

t rat ofm '"REnfRAN ;ﬂitﬂﬁ&i sl XREYher&ing ?snﬁ{téﬁd%dttr@)emclude antlbodles

p ertles ccor in totheJnvetlo speC|aII

ré@‘gf’%l 8ried ﬁ B’P‘gdu g@“ﬁ‘ﬁd/rﬁgloﬁé EO’(“FC 8erm line
bimdiungglobhkn tsa{uasncdaummmeamintbmd;es arcaszeluskﬁdwh éh @hé stateSof the
i nt.ende i nc e ant dj v vari abl g.

c8hst’ %lnnﬁ Ir(gl\g:/jlll{]ohs deri Ve q(ell ﬁwﬁuﬁa m@hfﬁ]é%loq‘@(zom)%g_
i Afdin by bibatkieuemcd s lepmaducadtm bmshisg@icamﬁmals (e.g., mice)

W% ta gﬂ)lk rhﬁ%rrﬁﬁt%ﬁatﬁin Bhﬁroﬁ{lhng\é%ﬁll Rﬂei"tmr%ﬁa selection of

van
(izemfp gghodrsn, thashssnesnef @eé@&esloemma}wgh@uhn production.

PTe£H4€R Chfi the t}fumggé}hﬁhﬂ@ hrﬂﬂhﬁm@ﬁ)bmm g@h@ @ira¥ RRtsué @erm-line

bl e, niz
- BARaOImie B 5R0L i Preo AroskHihed HpPBAdHBSdER upge antigen
abbdkoge Gte, ergddgerbouis,iAnal rabgll’mbLNath Apaddice tU$M90 (1993) 2551-

TrZ@EE‘SSfIaq{obg\fnt Re epéﬂ%t&%r ME% !2%%) A nll nIff et al., Year
8328 e M sl

ray’in suc qc)je vl
pﬁl@dumoll oh (&99 u%ﬁa&p)adimb@@ha@ﬁlbg@@h calmta;lsg»ehe cph@duceduge phage

ggl%ﬁlaﬁhbganeszﬁlée ‘Bbbﬁ‘r HR., afl V@llnter & (PCMOI\%J)I 220}‘3@@92) 381-

2BES: kob
bR T | 329 Bisd TR A0S heichgiquch of Cole et
Yeland B et 4l. GlOA) a\?a'il-aﬂﬁ)for E atibh of hagadafonoclonal

R Sfipnare dRR MogRBg AtPReR and Rt

§2afist Thegagy, Algn . Liss p.

( 19929838 and Boerner, P, et al, J. Immunol. 147 (1991) 86-95). As already
mentioned for chimeric and humanized antibodies according to the invention the
term “human antibody” as used herein also comprises such antibodies which are
modified in the constant region to generate the properties according to the
invention, especially in regard to Clq binding and/or FcR binding, e.g. by “class
switching” i.e. change or mutation of Fc parts (e.g. from IgGl to IgG4 and/or
IgG1/IgG4 mutation.)

The term "recombinant human antibody", as used herein, is intended to include all

human antibodies that are prepared, expressed, created or isolated by recombinant
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388; Marks, J.D., et al., J. M. Biol. 222 (1991)
581-597). The techniques of Cole et al. and Boerner et

woape/gex3al so avail abl e for the preparati on oPCHERRGI8/010704

nonocl onal antibodies (Cole et al., Mnoclona

Anti bodi es and Cancer Therapyg-Alan R Liss, p. 77

(1985); and Boerner, P., et al., J. Immunol. 147

(1991) 86-95). As already nentioned for chimeric and

hmasamd zach anintihodisa Ssdsed fbinng Host tdnlesu'ch\ae RAtNSM of O cell or
8% aanE%Jrgg{;]i(ljﬁgé a?a%gXﬁ) gnat is tradlsgg l eLfc?rnh Sagn 12“8 Egpgéf)gulm genes

r ey aotibadesgaspessaideusing apreopebinasexpressiodi vegtor dransfected into a

| QY& L. °§uc}F&98ﬁbﬁL ahY hh aB%gﬁBgdlg:ﬁhgeq/aghﬂg'aﬂﬁ cﬁﬂﬁéﬁ’{ reglons

FcR bi ndi n swtc
nift dt r@ﬁraaged:cfom{ e(ecgmbmaamhug@n teotippdias atﬁ@qrérng to the
I ﬁﬁeﬁﬁ&%ame@h |sQ?ﬁ%tea_ k& it evBsom@ae AbpéraiitattiT8hus, the amino

PAreaicEoaf dBe (AL Lol %Sb%gg'@@%n%gqerg%ps&s

Osequsdeattiedl, bhile eleting] frant apdndated uo l’hLﬁﬁarﬁgérlnbthdb 64 and VL
:C ?e%hgltlceég I‘LQ}Q t Izalggl%ily %%st! wﬁH I}Pg EP%a tlBE)dY erm F?e re%ertmre

rom an ani ransqg eni'c
hinevo.i rmunogl obul in genes or ant i bodi es expressed
usi ng a reconbi nant expression vector transfected into

aT?? Z\tgrﬁﬁiehdor@gﬁgg\fa?iﬁgl@tﬂom olhﬁ 'I'igﬂtr ggtru'; g@g)e Qf§?1£]§l¥ Pegion of a

ThenT ShORAV RS 6 Wisddher e eh € Bk tggt b heavy chains

| Whithtib molfk&d&hflﬁﬂiﬂ % bbjdﬁfg e atnﬁbbﬁly Yo W sniged.l 'Ehe domams of
tion u quenc

VR U e T pet et AR T 0 B o) wtng ond cach

sdomeinc eemphaets fonini fremgwpiky éBRY regivmnavhost abgukbnices are widely

NLSRBE! %hhé@edv%yaqgreyl-"lﬁ@gﬂ@ﬂ&er + TQ8Iot no(torn@éﬂ{Pl%He}‘ntarity

exli st w t human ant e repert (0]
i fletginyigingriegions s PRy} Eh @I&ﬁﬁleh")rlf( xﬁa}qnaaﬂepfopolﬁréheﬁt ¢pnfgrmation

| hghtheCtBRE ndaY!fdrm YoUps @Bhfeckifg kl@kr‘hﬁ-@?ee?ﬁﬁﬁ&\ﬂ/e qfh@l@DRs in each
ac 0 |

( ed’ her enot es
s afio bS8 ST TP et gl R ksts brothel ook adgs and
tﬂﬁrrat‘dgleibmdwuﬂlothtef@ﬁmfnogeﬂle a'ﬂher dieziniths aﬂﬁge\na]bmdbigeslte The

¢ uct e eh\b' %ﬁfj ﬁ%ﬁ%n%?ﬁh@ %la)l;] s 5’% n("?lla(}ﬁlgi%{ (Etant role in
(FlfR) bmégxgowscnﬁhr@yefﬁswuefn&esar@bedm detoydingnivetheeigivention and

CORRGGGH o ide b R Rer IBYRELMAE iifRhBof.€91 ONS™ (or
conpl ementarity determ ning regions, CDRs). The

f mevvor regi on adet a bp-sheet, gonforrmti n and the
RT3 fs<eginn n%rctapﬁgfnrlwe Bisgipseen ot 3npatipady” when
Th&d%nlréfee&ﬂhechﬂirfm aierddrduds bhar Betibody which are responsible

taﬁ)ra tlgennglrlll in éthe ty}r)grc\:'%rlila{befe Péélgnhgorﬁér?srg?\é\%rulfo &8 resm?ues from
the complementarlty determining regions" or "CDRs". "Framework" or "FR"
regions are those variable domain regions other than the hypervariable region
residues as herein defined. Therefore, the light and heavy chains of an antibody
comprise from N- to C-terminus the domains FR1, CDR1, FR2, CDR2, FR3, CDR3,
and FR4. CDRs on each chain are separated by such framework amino acids.
Especially, CDR3 of the heavy chain is the region which contributes most to antigen
binding. CDR and FR regions are determined according to the standard definition
of Kabat et al., Sequences of Proteins of Immunological Interest, 5th ed., Public
Health Service, National Institutes of Health, Bethesda, MD (1991).
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formtogether wwith the CDRs fromthe other chain the
antigen binding site. The anti body heavy and |i ght

WOoeh®iog02SPBR3 regi ons play a particularly inmpor PATEP2@®BE10704

in the binding specificity/affinity of the anti bodies
according to the invention ang _therefore provide a

further object of the invention. The terns

“hypervari abl e region" or "antigen-binding portion of
aThafitdrkaey domaaiz” vf ek havechain ahelof tie light cBiih@e 861 thvolved

R Sl TS, B RS hFRRIS <B lius e
afingtons iRkperding wasthrapmnbd heid' eqonpiendthaconsyant region of their
d i N e0i-0Nns" " woow u "R
SELSMINTR R s P I R GRS,
the hypervari abl e re%ion,resudues as herein defined..
ThBe d¢ron ebivalgat, |bispeeing matinady yascesr erein rsferafn ppomjibody as
g@&’ﬁl@ﬁb&ﬁ alscsxgnﬂnl\bvhfcﬁ &ch a{jfrﬂFle Ltazotc%%dmmzm chlgn, addPRbht chain
, _FFE 23,. an .on each chain are
sﬁﬁ%@% sssﬁﬁﬁ%&‘ﬁ O RdinE B A b S }~e-5@ﬁ£f?ta gayy and the
CoRBliglit dhhim (oeiginpting fiom asantiteodyegaiast afiviscdntigen) are specifically
c i gen pi . .
B R 5 4% SRIAT I g, 1t Bbopit Bl nf e second Tight
dettaimi(priginatng iapataneentiiiody @aipsencwesont aptigane) nse specifically
OO OBES, o paElREdnugeh lusthipicied i FIE JL3RH Dyalent, Bispecific
(wéﬂd?émée ceaRte ofipoginrally fandipe t¢ fiwo Hief&wlta@igﬁﬁ%c}he same
ofimieh@ndl i ght toChdird thkdre twotanitigy®, g LofitraBe td,York the one hand a
L0888 HEARN AEoRIAITR R e e cter
abardl sgquetetmvadént; hetraspadfianntibedy ovhidf cemdiind teafoyr antigen
fﬁ@h&ﬁks@ﬂkgp L 85,e0r 1 mmunogl obulins are divided into

cl asses: e term "bival ent, bispecific antibody"
as used herein refers to an anti body as descri bed

abespEding igntheningertprofthe Hatio g 3 dpsitedobivalenty pispeeifis antibody
3&?nﬂ>ir9@:tocl|i}?eﬁiréd‘|@{d|eq)rdd§ct§Fc_féﬁi Itsé ﬁxﬁbf&e@iﬂgd'tﬁbgré PacBment of
| eren antl n, 1.e. e | IS, \Y) n r .

e e PG o R g P B A bty O, Wil the
f firss bf et tvpeHIC/BE pagp eciginatalftom hnrahitibgdy eeiffvelly bindéng to a
fj [ . . \Y; C .

ERingh! 03, Bcr by ARRAELD TR oL, REEAOAC o
s@@gm@teaﬁpng@nar)tﬂ@da sperelagaily biiding t9i nsticand antigenhandtipaltered

ab§ﬁﬁq3m“agggqggxﬁggtdepicteq in Fig. 2); such
bi val ent, brspecific antibodi es are capabl e of

specifjgally.binding to t different .antigens at the
sane t ighl, cHaini' feBlaceBentopt thacensians ight | hets dopgin by the
cont r atonstamt heavytcheinodwendia@H hofmand sixétridlyispedifidailp deéhding to a
capabl i adin nly to one antigen, and on the

ot her %ﬁﬁ%ﬂgbggnég?gtravalent, tetraspecific antibody

whi ch heanylshaig: repldécomentnf thgeqqmstant heavy chain domain CHI1 by the

constant light chain domain CL of said antibody specifically binding to a

second antigen.

Thus the resulting bivalent, bispecific antibodies are artificial antibodies which
comprise
a) the light chain and heavy chain of an antibody specifically binding to a first

antigen; and
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nol ecul es at the same tinme. According to the
invention, the ratio of a desired bivalent, bispecific

WwOoanigedy conpared to undesired side product SPCAEPRBS/010704

i nproved by the replacenent of certain domains in only
one pair of heavy chain and lyjght chain (HCJLC). Wile
the first of the two HCO LC pairs originates from an

anti body specifically binding to a first antigen and

| B) HRflighe s hhdhéawy ¢hsih df gR Antib By s E@&ﬁm y®indiR€td #econd
HC/ LC pairs originates froman anti body specifically

bi ndi ﬁ‘snﬂeB a second antigen , and is altered by the

f ol | owi ngwhereimaédigiit: chhmg{bf arciatibody s pedi facaByrbinidigf totasecond

tant |igh
cha - dormi n oD EoARTR e cordiE CHATRAAN ofCELY
to a secowlemin wgcbheavyah@nhzfavymnh@preaﬁpalb(dven@ng tof
the constant ;gAY ¥nf: C{@') B HRR toRdin Y. ihfiea Lot ant

i ght chain domain said anti body specifically
bi nding to a second antigen. Thus the resulting
birv ah edditioRhlsaepedt fof €heaimtvedash ﬁﬁ:h&fr@ra\?etdl fati6ioflla desired bivalent,

t bodi es hai d,heav

c R SRR e ek Fyge BPRncRo b SRR Proved
abYDgenfﬂmﬁdhywngewtMghDMohaln and heavy chain of an
anti body specifically binding to a second anti gen;
wherein said |ight chain (of an antibody specifically
bAhBirpicpltesnativedsegdiis- 30t | gen) contai ns a const ant
domai n CHI |nstead of CL mherein sai d heavy chai n(of

a d spe al | to.a second. antigen .
e b eRRal A A S e HPSTHbO, aGsTaiagi i B avention
asqjebé aloe‘red b¢ thd’l\/laﬂibl-mmo—hulkh’ ’ teﬂhmi(ﬂag)dwhﬁhl d?:s@fbed with in detail
I val en S
sever x% lés in s %?@@:gér{a%%l?wﬁf%%ay’i E% 7 &8 d P%())/tem Eng 9

desiT e
of1995)36Ib+6l2bwndgl\/ll€maat,tﬁek’ha¢tlal'd§at RipteRhnalt16 (1998) 677-681. In

a{ﬂ@fn@ﬂ{dd\@e (Iﬁ@l%ct':é)rgsur@ces J ﬁe %Cﬂ%r@dlﬂﬁnpgre%ﬂ%ﬁ’d to increase

bi val ent ISpECI Ic antib c¥1H8.CCOT

i theehtsrodimanisation of betleheyy dhaws: C@ﬁﬁ‘bmp&tﬂéesﬁ dwegEH3 domains.
t Esdm@ﬂ meyww@m demsafisi (B theviwlohdably elediad)l caWiblelths eNgst] while

P n‘gl e% N gth %olev\o’l%e/ %%Zo%%%floan oc%g;\iNa c%{éulgdeBb’ridgg s?alb’ilizes the
heterodlmers (Merchant, A..M., et al, Nature Biotech 16 (1998) 677-681; Atwell, S.,
Ridgway, J.B., Wells, J.A., Carter, P., ] Mol Biol 270 (1997) 26-35) and increases the
yield.

Therefore in preferred embodiment the CH3 domains of a bivalent, bispecific
antibody wherein the first CH3 domain and second CH3 domain each meet at an
interface which comprises an original interface between the antibody CH3 domains
are altered by the “knob-into-holes” technology including further stabilization by
introduction of a disulfide bridge in the CH3 domains (described in
WO 96/027011, Ridgway, J.B., et al, Protein Eng 9 (1996) 617-621; Merchant. A.M,
et al., Nature Biotech 16 (1998) 677-681; and Atwell, S., Ridgway, J.B., Wells, J.A.,
Carter P., ] Mol Biol 270 (1997) 26-35) to promote the formation of the bivalent,
bispecific antibody.

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

characterized in that
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(1996) 617-621; and Merchant, A.M, et al, Nat
Bi ot echnol 16 (1998) 677-681. In this nethod the

WOi209e8e2581 on surfaces of the two CH3 donmmi ns REEEP2008/010704

altered to increase the heterodi nerisation of both

heavy chai ns containing thesestwo CH3 domains. Each of

the two CH3 donmins (of the two heavy chai ns) can be

the "knob", while the other is the "hole". The

I tHer 8 dbhﬁih of orte kbasy khdin anb Itlhed@H?)Sioabiuh biﬂfe dther heavy chain

h t di
iR G5 Sm! MESTATNieh” edthorishf B, b3t ity Betheen the
Jaml:od&a?rlﬂbdcmmn,s,J Mol Biol 270 (1997) 26-35) and

' ﬂrﬁg%ﬁéﬁ dd H?grfyc'e Gr‘% ter% t)ﬂfoet‘e Hg forn?It o §%né FBQ%h{T%[ﬂstpeaﬁc

|s eC| |c ant
metpbgdy wheem qhsalteeeoemwcme wdbad CH3 domai n
each neet at an interface which conprises an origina

| 8f e iGHRdbBhinesont Reavyithapadilidt® domains are al tered
by the "knob-into-hol es” technology |nclud|ng further

t t t di sul f b
LS A B PSR e S R A e
JtlB orlghalain,ter&cetqf the Bl 3 d(ra@if6)f it 7etb2rl he;Myr diaamtwithin the

Bi otech 16 (1998) 677-681; and
ﬁ{ b%bw é\%;tMO%Y’J B.. Wlls J.A. Carter P..

wr aBi"éfP ag#aeildlgﬂarﬁ)renleceslwlth enprwnpEeid ieadpe hang @riarcaer side
t Bgai R WY RING) ttherbbyd Péferdtirg @ Fdthe&ince Migigini the Qﬁ‘l%r@&oﬁcﬂhe CH3
of, the invent |onsa|db|va nt., |seC|f|cagH gﬁ};ﬁa
A QrqnEciFarYichan pbvh ieRSSHHBRTRIR ot <o W ¢ Hgripce of
atiet CHe dohdirdefithe othet hedvg chbiher heavy chain each meet

at an interface which conprises an original interface

bg Jeen the anti body CH3 donai ns; wherein said

interface is altered to pronote the formation of the

bi val ent, bispecific antibody, wherein the alteration

i ) tiedrHs dempincef thﬁomqaheava)cg%inés dygseddomai n of one

heavy chain is altered, so that within the original
3 @ma‘taﬁl@hlhh&e(aﬁlmrmtdafa@é 0P Rige E@;@M& cqhaldmdiatthsieeiests the

s R es, o B FPRE D] emain bR R thnibody

asn amimopadd irebiduesis depdaded mﬂpéramdlmddlre&tduamaMngammhller side

RO R0 L] Sy AR WP g v

Cdismdimnwit nowlglehe membyr@lqamthwmﬂ@hntesfap@gf thedirsiCH3idpmain
ajsGRNitionaMk hin the interface of

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

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

WORDHiIBRsBhe original interface of the second CHB/ERANO8/0M704

that nmeets the original interface of the first CH3

domain Wi thin the bival ent, bjsspecific antibody an

amno acid residue is replaced with an am no acid

resi due having a snaller side chain volune, thereby
gﬁneﬁahémgre&rﬁealvérhtyod/ihieh't of tHeeiniétitonftatk CH3 tbmakBaeaditered

hY 4b9 TR0 st RS0 kB CLRRED J6F K8bby ificheE and D30sK:

PE2F K folplhplesasiduardenaibdieg. indi I&Z@439&ﬁ\ll. ng a | arger
side chain volune is selected fromthe group

consi sting of arginine (R, phenylalanine (F),
tyrosine (Y), tryptophan (W. Preferably said am no
acid residue having a smaller side chain volune is
s@fected fromthe group consisting of alanine (A),
serine (S), threonine (T), valine (V). In one aspect

0 ghe l,nyent it.on boi:h .domains are further altered
t TS ‘ne (C) as anino acid in the

correspondi ng positions of each CH3 domain such that a
dby thef reglacementgel dretagastanbbedvy Chi@indbmadinHahy beonstant heavy

T OLdiR Gohﬂu@&?ﬂh%d RedeRES &%Sﬁﬂpﬁgdvggﬂﬁnqorﬁeﬂl? CH3is refplaced by

i nvention onmal ns are e use

r 2§PRNRY lighbdpin demem Cliburspnsignt lkqwbghaﬂeepa@e‘scbﬂd»y which
DaRNeavERaiK dbHail OB # %ﬁ;‘j&a&aﬂ%czfﬂah?dg €Rlss (elk. IéD IgE,

yiie ﬁ%@‘r’p&ﬁ?%ﬂ%‘?imd T RN CEIE DT i o

bSFha constatitalight hehainy domaim ClobyawhidBHhe laady tchanodlchﬁmn CH3 is
CEIBERPEANNEIDIRTE! G Sy ERLEER Pl Appn 0 e
chain domain CH by which the heavy chain domain CH3

is replaced can be of any Ig class (e. g IgA IgD
or su Iass

nd gV,
| ggss ofigypy! erre&mm%eédmeam em\éeni'eﬁé% ahtvalepbrhlspeﬂQF gntibody,
dadsﬁapﬂs]ﬁig, by whi ch the heavy chain domain CH3 is
of the.lapbda (l), or kappa type

P EPETER! SRR Sk STh ity Sbes D bindnaffins
errbpdammn, ofd the invention is a bivalent, bispecific
agy {}qu){t chain and heavy chain of an antibody specifically binding to a second

antigen, wherein the constant domains CL and CH1 are replaced by each

other,

and wherein optionally

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

interface between the antibody CH3 domains;

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

bispecific antibody, wherein the alteration is characterized in that:

ca) the CH3 domain of one heavy chain is altered,
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conprising: a) the light chain and heavy chain of an
anti body specifically binding to a first antigen; and

wohkdostose2ss i ght chai n and heavy chain of an ant PODAP2008/010704

specifically binding to a second antigen, wherein the
constant domains CL and CH _ape repl aced by each

ot her, and wherein optionally c) the CH3 donai n of one
heavy chain and the CH3 domai n of the other heavy

chai n easthatwithirathe afiginal @itéréee thdiCHB doatir bf&se lavy chain

et e ncies s BE B RN S BRI rmaibos (B ey
f or mat i dminithirethsibralenibispscisaotibody, ant i body,
wher ei n g@%uﬁbta ?qgsﬁ&\ﬂhﬂs §e\}§ﬂ@ﬁ Aithei aﬁﬁ‘f{lo aldidl Qhue ﬁﬁ)ing a

the CH3 domaln o aln 1s a tere
wi t hi n targer sideghialvoluine rth%réléy ganerating adsakib ﬁra@Fe Uﬁbm the

Eﬁé\vsé chﬂeﬁacfte la?%her@tq% Sohﬁﬁm S dridiHe ékﬁ%rﬁvﬁéﬁ@s Pdsitidifble in a
omaln o O e n w
b val onEg e e et s e CHEI S ! o Gihesay ghain

is replaced with an an1no acid residue having a | arger
si de chandv vol ume, thereby generating a protuberance
within the interface of the CH3 domai n of one heavy
chain ﬁ i in the
|nterf\ggl$eCt Ft?ﬁgﬂﬁﬁ@ g@g&%ﬁhgpugﬁga%% 52 “%EQVy chai n
and cb) the CH3 .domain of .the other hea%¥gchaln i.s

al t er ed,s0 élaattmﬁtm e arigingl rtegfpgeqt g serprHadonein thag meets
second Hd% hrﬁeifi&toflﬁlﬁeﬁﬁt CH8 dofagh Rddhid tHe®ivahe®, Of

the fir |n within the bival ent, blspeC|f|c

ant i bod m@ﬁ ggld residue is replaced with an

am no aem dnmr&sacuhh eesiiaeiingphcahwith en asiiteadd aesrduediaung a
ther ebysrﬁ%ﬂ%_@fe &Hgin%oﬁﬁx ttl)fer%v\),{qggngrattltﬂg a C?In wﬁﬁ% tﬁt: interface

t he secon
within pﬁ@e|smoerif(%lé%d@mamlthlnwétlcmrcdghqanmvs;lthm the

posi ti opalirRe oPthetrstADA3 %Hﬁh@i@tpoﬁi%i{yblgha' n domai n
CH3 is replaced by a constant heavy

ord)

one constant heavy chain domain CH3 is replaced by a constant heavy
chain domain CH1; and the other constant heavy chain domain CH3 is
replaced by a constant light chain domain CL

The terms "antigen" or “antigen molecule” as used herein are used interchangeable
and refer to all molecules that can be specifically bound by an antibody. The
bivalent, bispecific antibody is specifically binding to a first antigen and a second
distinct antigen. The term “antigens” as used herein include e.g. proteins, different
epitopes on proteins (as different antigens within the meaning of the invention),
and polysaccharides. This mainly includes parts (coats, capsules, cell walls, flagella,
fimbrae, and toxins) of bacteria, viruses, and other microorganisms. Lipids and
nucleic acids are antigenic only when combined with proteins and polysaccharides.
Non-microbial exogenous (non-self) antigens can include pollen, egg white, and
proteins from transplanted tissues and organs or on the surface of transfused blood

cells. Preferably the antigen is selected from the group consisting of cytokines, cell
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chain domain CH ; and the other constant heavy chain
domain CH3 is replaced by a constant |ight chain

wOoQowdiseRsEL The terns "antigen” or "anti gen noPETHPRO0SAEN704

used herein are used interchangeable and refer to al

nol ecul es that can be specifiwally bound by an

anti body. The bivalent, bispecific antibody is
specifically binding to a first antigen and a second
diwifdce girotitisi gezymeshamdt eceptdldndytakems, calssurfed pheteisnenzymes
inchude e.g. proteins, different epitopes on proteins

(3% {Jﬁcf?tgfsgnt antigens within the mean!ong of |tohe

i nvention), and pol ysaccharides. This mainly includes
paAnmor (andigens arcafhnsk eantigers thajedre presentedeby MHG hnaraMHC 11

apfhldcales BR)thO5urPRE befurRer d6llS. 1R Se artf3en Q&b metimes be presented
croor ga s. and n jds are anti

. L d |
oRY JUTAB Re ls R reer by £ PoSRALianes AR DI SRyes SosyrATF il tumor-
Nﬁ}fﬁdﬂgc‘arn@ﬂgrri?d ('IGA@DQK&\;mt@tic(alljb Iﬂes&h|ffdnt] a_rthh@]? Bpedifidnmutation. More
I NCl ude 0 n Ite an [ Ot el r,om
\ Pemtiae antpins a8 e hRog kR e irmagh gelsy and they
t pensiliesle duibboessocieteds anfgess e Bhy). tEytommici Jedymphocytes  that
ig%c?gﬁ&?d ftﬁé%&“ atntelgergsr QHR GOUBISH BGRfy Gyt QlthdIesel s. before they

sSurtrace prot_lns, nzynes an re eptors cyto I nNes,
cergliferatef ercmetgstaties. dAamasiajigess @ndlsodieept Bresurfpggpf the tumor

afyf itBe Sl &, thoSLaraple] demtdibtBlre@pROrPie St daly thdyGuill be
ecul es on the surface of tunor cells.

I or NMHC ||
Tﬁ%@%“%?ﬂ?’@%gglscan somet i mes be presented by tunor
cells and never by the normal ones. In this case, they

aie onalpreferred embsgimadritiat last ogeosthe ToAs]ifferedt tytgenal(fiyst and
r . t Uy i.fi.c i . r 0 . .
SR 6RO Rh RPBSHE pI K B e o i
c&her andpggnt hey are cal l ed tunor-associ ated anti gens
(TAAs). Cytotoxic T |ynphocytes that recogni zed these

and iadBther [Prvfelted AR diMeMEBShOYS tHeervid! Aifer&ft! ArtigeRs Ofidt and
t hey gr ol.i'f %r at e

0oy efastasize. . Junpr, anti geps..can
AP anbEEn ek SRCORIER L APEIES TP AP PopgHIg pinds to, are
f aumex amgideas; ia thistcaseetherfasteppidsecond andigenhcanad® beeyo different
wi_ll be cognized b lls..In one preferred
efd %eﬁégﬁleg%nfégg r%’rﬁzg&g#’r%ﬁg"tm different antigens
(first and second antigen), to which the bivalent,
bilw paettfer preferied caybadiment josal afythe twgs diffsrent sandigengnplirst and
ad o8 Antikdh) AOVRIEH th KilvSIEAE HisBERRAA TNy RPEAR Qlly bIRs to, is a
two differ en;mag):?l gtﬁns_ (fi r(fst and second’ ant i ge,E to
WHTBAT BREEH; tothey sanceifectoraasllipdasn Fiecs 4 Eefrqllyreceptor,
biomiks AD06 aadehé ikor antigens; in this case the first
and second antigen can also be two different

In another preferred embodiment one of the two different antigens (first and
second antigen), to which the bivalent, bispecific antibody specifically binds to, is a
tumor antigen and the other is an anti-cancer substance such as a toxin or a kinase

inhibitor.

As used herein, "specifically binding" or “binds specifically to” refers to an antibody
specifically binding an antigen. Preferably the binding affinity of the antibody
specifically binding this antigen is of KD-value of 10 mol/l or lower (e.g. 10
mol/l), preferably with a KD-value of 10"° mol/l or lower (e.g. 10"'* mol/l). The
binding affinity is determined with a standard binding assay, such as surface

plasmon resonance technique (Biacore®).
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epi topes at the sanme tunor specific protein. In
anot her preferred enbodi nent one of the two different

woapvigeass (first and second antigen), to whi cRCT/HE2008/010704

bi val ent, bispecific antibody specifically binds to,

is a tunor antigen and the otfger is an effector cel

antigen, as e.g. a T-Cell receptor, CD3, CD16 and the

l'ike. I'n another preferred enbodi nent one of the two

dil‘hf: eteant "epitbpgenlydes ratly aolfpasiiendetarmhingan)capdbde of specific

n?mé I?(? apll Xrﬁlb%ﬁko Il? Ic%ﬁg enﬁjgog%ﬁ??sqd%ﬁt%gg Ccietérﬁnnar}f include

anlnqmlcdbteqﬂvs ubsfacafngr@ugmgh o gnelequissi suchras anknﬂ asreis, sugar side

E’ltfﬂlm tos l‘%}ylu%?Quff@ﬁﬁ' Bnd, " iR ReFhfn &ﬁu)a'm@n'&d'rﬂzg/ h&e specific

"hi nds speC| ally "> refers to an anti body
SHEE? ﬁlfﬁg}sfgﬁab StReGtRE éhar&ﬁthl@téﬁﬁ ans} gf épe&tﬁcycl‘{a% characteristics.

blAﬁdépa@paflfs lanteglonObf hh Candigth bﬁﬁyls seeidf b ahl ahtbobgi Y certain
th| en |s D-valu fﬁzgogég or | ower h

: *b ?fbl }Sr‘éf & b‘i"y SRH nd apfeAteeq gWhen it
1ﬁrdﬁﬂleilﬂallyrrectclg\lms (te tagyget bditigén irDd LdmpleX meixhira df pepteins and/or
af il dedetermned with a standard binding assay,
suc as sur?ace pl asnmon resonance techni que
(Biacore(r)).The term "epitope" includes any
pAnyEther sebodiraenti efathe wapaire e meibed fipr thy pEpagtios of a

aBivalkht, BR@¥cifit IntRIdyakforainad ithenbénticipi t ope
det er mi nant i ncl ude chem cally active surface

grouELngs of nol ecul es such as am no acids, sugar side
cF¥PRYSI8 hosphoryl , or sulfonyl, and, in certain
enbodi nents, may have specific three di nensiona
struﬁtUHaMbnhagadetﬁﬁhﬁds, and or specific charge
characteristics. An epitope is a region of an antigen

that i Svmwgctomsfprmh Hﬁé.lggcﬂrd H%l&ﬁfe %h&)cﬁﬁ@% tamln and

an antlbody i's idto specifical y an anti

when i theppeshapeefianantibodi spsgiicalbsb lpfigﬂgtta.aéiéft a&ﬁﬂ‘i”fgen

in a conplex mxture of proteins and/or

macr onolatods edmpMidgUiiidiie acidhadieouad er&fodld'ge th@ldglﬁlt ¢Hakh and

is a mgthod for the pre ar tion. a, bi

bi speci' e acﬁ llnbgp MagtorY ﬁpeﬂgp tlhe bf (ti ?(loo?w second antigen,
conpr i sihegeinthe ¢camslhodmnngls &lhost Cdéhte neplabed eaich osher;
conprising nucleic acid nol ecul es encoding the |ight

chaiyy @ﬁl% $¥ hohadel upfeddnaittdnl aeh aﬁ@@%}'ﬁﬂlgﬁé J)fysald antibody
bi ndi'ng to ﬁbflrSt antigen -vectors conprising nucleic

aci d nBlaeyleedndncoding the 1ight chain and

¢) recovering said antibody molecule from said culture.

In general there are two vectors encoding the light chain and heavy chain of said
antibody specifically binding to a first antigen, and further two vectors encoding the
light chain and heavy chain of said antibody specifically binding to a second
antigen. One of the two vectors is encoding the respective light chain and the other
of the two vectors is encoding the respective heavy chain. However in an alternative
method for the preparation of a bivalent, bispecific antibody according to the
invention, only one first vector encoding the light chain and heavy chain of the
antibody specifically binding to a first antigen and only one second vector encoding
the light chain and heavy chain of the antibody specifically binding to a second

antigen can be used for transforming the host cell.
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heavy chain of an anti body specifically binding to a
second antigen, wherein the constant domains CL and

WOCHI9/080253r epl aced by each other; b) culturi ngPCREPRWSN10704

cell under conditions that allow synthesis of said

anti body nol ecule; and c) recgvering said anti body

nmol ecul e fromsaid culture. In general there are two
vectors encoding the Iight chain and heavy chain of

sahd 1anéﬂtbﬁd)tn6cpﬁpdsﬁésc al ﬂnyt}bﬁnﬁirnglet pr@afdtfo‘ilt ofirthe gaMibodies

t

r\l}?rl%lﬁlg cHlthmga 8 cgrﬁes% éio n%pggt ?eeflgalfrﬁi} COHg}tH)élS r‘ﬁjxat allow
semha@lsanf sajd mntibody gholefides and wesiverisg isgideamtdetidngy frhm said
r eSIRgELd. %ylkgg ain and the other of the two
vectors ﬁ t he respective heavy chain.
However Iternative nmethod for the preparation
ofd ﬁr%urwa e@ma BradisRes Frcodug: thedippt shaiprdiangntipody apecifically
| BMRIigd . fireidritigete first vector encoding the |ight
chaln and heavy chain of the antibody specifically

ndln antigen an ne second
orottg Brdei; i) BRURE SorROH Bl REY S0 ar 554 Cdntibody
aspeciwaly lspdmgfto@aﬂrd;t)anbgcrdl ng to a second antigen can
be used for transform ng the host cell.The invention
enL HiRPRe&Sc @cﬂ% E Qﬁcécﬁﬁ H{eelP%é%Bal‘ﬁrbelfn arnﬁ)ody sgeaﬁcally

ant 1 bodi es conp I ng cul tur correspondi gcg]
 BINGNE, @i eSO A1tERS, PREERIL %wgvm%hshtscwn rgain CL is
apdpldred py R @mslaBShaR(l chff Avaiain@HIAdKH ant i bodi es from

sai d culture e g. by expreSS|ng -a first nucleic acid

ai n an ant i body
STRPHE FIAE IR siRecheg hepae Ine hEy Lo sid antibody
negsicdicellyaloindingdq @ee@eldem@gdn,ndaetm comstant hetai chaot dempig CH1

aﬁf“% Hﬁ&ﬂﬁcﬁ%hbﬁnﬂhﬁétng to a first antigen; -a

nuc el ¢ acl d sequence encodi ng the light chain
of an_anti PeC|f|caII bi ndi ng to a second
afifrgbe IEHCH offle Hysatiants aihoghfel CREINISHSmai n CL is
replaced by the constant heavy chain domain CH ; and
-a anUfst fompiading @ualeicdacﬁcemmﬂiesedﬂﬁﬁdﬂngghé hight eham and heavy

ai.n Ld cat | inding to a
S oA B ity BEEfS Srbritartle®ihar domai n
CH by the constant light chain domain CL. A further
entyedtorreeamprfising auglnicearid orlectiles dngedingetht lightrohaigiang heavy

clY:ﬁﬁ bPhR af"}QIBTERfR'l %‘eagcaﬂgcﬂlﬁdlﬁg 36 h dedbRbGRHEES VHRFAH tRYconstant
the light chal vy
domains CL and CH1 are replaced by each other.

A further embodiment of the invention is a host cell comprising

a) a vector comprising a nucleic acid molecule encoding the light chain and a vector
comprising a nucleic acid molecule encoding the heavy chain, of an antibody

specifically binding to a first antigen

b) a vector comprising a nucleic acid molecule encoding the light chain and a
vector comprising a nucleic acid molecule encoding the heavy chain, of an antibody
specifically binding to a second antigen, wherein the constant domains CL and CH1

are replaced by each other.
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chain of an antibody specifically binding to a first
antigen - vectors conprising nucleic acid nol ecul es

woenweddzsy the |ight chain and heavy chain of BQGT/EP2008/010704

anti body specifically binding to a second anti gen,

wherei n the constant domai ns gL and CH are repl aced

by each other. A further enbodi nent of the invention

is a host cell conprising a) a vector conprising a

n acl f&ftﬁelacérﬁbdﬂihﬁﬁu | &f Gthé O d’ivﬂgtlélh elsl lag hbmph)alitlbna npi'eﬁerably a
ec | e e

hEUrchER! of i dieBafi L SSp Bl PP UETPySisfhdffRs s dtbody

faasmmagn1gennhwnanvector conprising a nuclelc aC|d
nol ecul e encoding the Iight chain and a vector

c gmfﬁlltﬁérn g:nﬁ)o'a%lerﬁ' Q)f agied nqﬁ!n?i%Hl & &n ciﬂq{rﬂgcehngal h %Mosmon

chain, of an anti pecifically binding to a seco
aReTPEHNG ARy alent, Pﬁﬁe%éﬁé?t&?ﬂd}’o?&ﬁﬁ‘ldﬁ&g toL thaipventions &t least

r 8pé phathyuteanakbpableAxtipichher embodi nent of the
invention is a conposition, preferably a

e emb sl oo ARSI 2 SEEPE o e R 67 a patient in
i neehof drerapy, fchmtahenz_ehbgohdma’ntstemmgt doetherp/aéiwnt enthempautically
pQﬁ&%&g HbLABE agagagﬁ' ﬁlsﬁé&lm%ba*]y&o?dlp% heRve tlon

i y ing t tio

bi Specl c anti acco e |1 nve n an

| east one pharmaceutical |y ac ﬁ|e excipient. A
£ e Kt CPURIEIF FE OTopuelple ack BIGRlk i dserdieRt Sgntended to

t BRlideeBINIE Moleduld Pt RNUK rholenid@d HOhutlerRr &1 ,molecule may be

char cteri,z dm ni tie

¢ HBRESLERAELRT PP eth b Byl S B R Bhpfed DA

bi specific antibody according to the invention. The

t &s nuséd undreing the iedpessionsc ['eldld Gell dined| endi"edl] calures eate used

hﬁftgljcﬂ? eéséblxn&]ﬁp dRdsidh 'dgﬁwﬁnpl\fﬁdﬁﬁé e;‘g’ghéﬁ' aftehisRN¥Ae words

nucl ei ¢ aci ecul i i
sitmepstorgrangndtil ofrapfemned selfsaniaclade plie priwper appiget el and

demmles aéﬁmdméréﬂ%l vﬁﬁhdﬂ@@ ala@rf@ﬂ the ﬁthﬁb&x@ﬂ @&@sf&@su is also
cu t

" " u
. Fbdrtond B praRnYAReY saCe mrsChh g i ¥ Santent, due to
pﬂdg:&’mte of liniglvetthiet matatfond.t Vaisit progeny sHatdragte the same function

r %1%? aﬁglvgtgl als %cr er%1 dI f{dgfr the V\/I%HI 'ﬁg tt%rﬁl%pllngg { engtlelincluded.

&G &5 Tere
n Mﬁltm dxsfmctr@ﬂgﬁ@trcms arg lmt@dadslbwslhmd@trmn thmonéﬂmt
progeny may not be precisely identical in DNA content,

dq\ﬁet@rrﬁe‘i‘tkﬁﬁf(ﬁ‘hﬁtﬁﬁ” | Ragdedr heRin mkEAt tooﬁoc&éabf 6{P%Insfer of a

b Etos frylcg o W adorel c?lﬁﬁc&%*?q% ?walrlrlgblf bl pas are

cabdd as ehosnckllsgleghnsfection 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 which
contain substantial cell wall constructions are used, e.g. one method of transfection
is calcium treatment using calcium chloride as described by Cohen, F. N, et al,
PNAS. 69 (1972) 7110ff.

Recombinant production of antibodies using transformation is well-known in the
state of the art and described, for example, in the review articles of Makrides, S.C.,,
Protein Expr. Purif. 17 (1999) 183-202; Geisse, S., et al., Protein Expr. Purif. 8
(1996) 271-282; Kaufman, R.]J., Mol. Biotechnol. 16 (2000) 151-161; Werner, R.G.,
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Where distinct designations are intended, it will be
clear fromthe context. The term "transformati on" as

wogswdstxssei n refers to process of transfer of PAT/EP2008/010704

vectors/nucleic acid into a host cell. If cells

wi thout form dable cell wall_parriers are used as host

cells, transfection is carried out e.g. by the cal cium

phosphate precipitation nethod as descri bed by G aham

aed aMaArsheimitielfordchugogd (58 18708380546kl ablainey£6,331,415 and
qg ﬂﬁ%gods for introducing DNA into cells such as

b % injection or by protoplast fusion may al so

be used. |If prokaryotlc cells or cells which contain

s ssusedt heaping éexpreosaion” gefest teiche gmecess dyuwbigh @ ngclesmacid is

nmeliedinef 1ﬁt6§ﬂ§1t\1ﬁcatn'd%} tb%h@?o%b&% et {ﬁ%'ﬂfan%'ccrim:g mRNA (also

calcrumchloride as descrip .
PRAfSITed ot 1257 STAnTCriptYY 15, SRR Hﬁ}tlYarhe"}:Sr d&mlat%in lafo ' peptides,
apblyp@ph&s Y§| ﬁl@télﬁ%”glﬁ@rtfﬂiist s | shdvghd -ekBsuvd pal &ﬁldes are
an escri

- EOIGHrely vFEREL tor MERN B, 1 Beppiarotigprs derived from
PgendmicTINA1E98dssidB 3n Reﬁkarﬁﬁnmﬁ mdy. incletle s;ihqngermhemRNA

Expr. Purif. 8 (1996) 271-282; Kaufman, Mol .
NA?LVE?%P?% 2 @L@}e&%ﬁ&@mcﬁ%&u elgé épa}f\gc%;gﬁr §16 %ap%ca&?% 2%\l'hlcch transfers
USHGHSB!}SE nugeigagidyso C@imtg@n /%éaeu@eéa @llp T The term includes

9&&61@5&%19 functi®hepSmhAly R REQEES ofyNYh bf: Imm GT] szlcen (e.g.,
dis transcrihed i nt.o nRNA and/ or toé% pr ocess,

WFPEeREe] [ RIREARP B JPHSRROP A1f <08t Hhat dbinstisnaBrimarily Plor the
t quﬂﬁﬁtﬁ(brpbﬁ DiNg\ sURNIAG) uﬁdhkkp‘rehﬁjmgectdraﬂ&lt élﬁt&!ﬂlohrfbﬂtranscrlptlon

pexséll ?rahslgtl d'}/ @ﬁﬂ% A or RNAP mstoellna%flfd NE ELBNSRLY ;Prowda more

ypept i des are colTectively raf
tdiaalsorgmféh@ﬁlodu‘@ms aSIdfeSqribsdpoI ynucl eotide is derived
from genom c DNA, expression in a eukaryotic cell may

| Al U%r&@ibhcb&%r@flstb% Jeofide WOKILR! ‘whief fi‘ltx"(‘)‘dﬁl:&i Gnto an
aci d nol ec ticular, self-rep i ¢

t.i
¢ ABPIOPBRtE BorticallesdMahe TTRDSETREdatitdy TGP aER 1Bt ﬁtRPlYPePtlde An
aﬁd(piéssi@ﬁts\}’&&ﬁ" ba&ﬂly@a‘efs&o akhgable hosticalt kdﬂl@ﬁlsétb@ﬁa&récpressmn

[ inserti.on
| SR RE A i B s Rl rad Pl afra},
replication of vectors that function primarily for the
r dpki bizelenty Wspepifia antitRiics aerdrdingrios sheonnveatipor aret hreeferably

DH%HdCQ(‘P b QEchﬁlﬁH%ﬁrﬂanidsoguépg{eQ{odts 2RO Ry Qxﬁbv@l{ il B state of
Al'so included are eg&gés t hat I de

e ] SORPTDE RERKEI GHREETS (S MaBrakasiofiF e eukaryotic cells with
X elxkp;e it Gkol¥tedit of "thé Sinéibpdy pﬁbfﬁkp@dd aed \Mﬂhﬂh’ whfgation to a

\ PRI ER It oPaRETRORY TP othe pefipepuramionapucieic acids
encoding light and heavy chains or fragments thereof are inserted into expression
vectors by standard methods. Expression is performed in appropriate prokaryotic
or eukaryotic host cells like CHO cells, NSO cells, SP2/0 cells, HEK293 cells, COS
cells, yeast, or E.coli cells, and the antibody is recovered from the cells (supernatant
or cells after lysis).The bivalent, bispecific antibodies may be present in whole cells,
in a cell lysate, or in a partially purified or substantially pure form. Purification is
performed in order to eliminate other cellular components or other contaminants,
e.g. other cellular nucleic acids or proteins, by standard techniques, including

alkaline/SDS treatment, column chromatography and others well known in the art.
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"expression system' usually refers to a suitable host
cell conprised of an expression vector that can

WORMYOSIBA to yield a desired expressi on produCI/EPR@8/010704

bi val ent, bispecific antibodies according to the

invention are preferably pradyced by reconbi nant

means. Such nethods are widely known in the state of

the art and conprise protein expression in prokaryotic
asee e&uisabglptﬂ cetcel,| sd WiddirgubBegsw in SMbrtulen BiblogheGreene

ant d i.de .and u I ification to a
Eugp&l |caI ghggégﬁ?%bﬁéwahF {gﬂﬁkor the protein

expreSS|on nucl ei ¢ aci ds encoding |ight and heavy
c Kapression inf NaQ rellstisdeshebesblhy, grge Bammasy b8, ¢tral.oCytotechnology 32

EXRI0BF 09N 28 EGh @ BarRYs, SLRNJAT A, "BlLRRAS Bld@ﬁgf 9?5('2@6‘1)' 261-270.
performed i n appropri ate_ prokaryotic or

hdsansisal ppressia fer%ce@le@y mngléwh@ opet/ad, Cl s‘\ads Res. 30
HEXG)9 B EQeUl&nnémvﬁﬁiHlé doiR@st is déﬁcrﬁeﬂcﬂyi 0616h411§ R.,8dthl., Proc.

NSRRI alSh BEPRISILL S0 Kt S5 VR R Rk s

altSAbSHI ( E292)ret8 136289 esd N onderhabng) B, eehll,s], Iinmundd.eMethods 204

! ¥f9’§t7$ 77 %r7 é U[FL%Fe?Iaerdt drlsihe Qg]éxlegsll&{j nE}g{err? Vﬁ%gaf%t) 4 i¥scribed by

ure catiron 1s

eﬁﬂﬂﬁqgat.e‘i dutead ehristensgn, Konpdrdateshnslogyt he(1999) 71-83 and by

COAMIMEAF Sin B IGmudoN Nieth6dd w4a<r19wa9@11<99am ds or
proteins, by standard technlques i ncl udi ng
al i ne/ SDS tr eat chro hy and
o THEonal peduisbin R pitcarblecs by wgﬂ% “for exgpplgy include a
eﬂrom@ef r @ptloﬂllb't @aoloperatorMVst@entagr aki ok Ogyoso@iedﬁﬁdmg site.
P%m(a otllcn gelﬁ l nh? lec'e reorgr?cﬁ a¥1%£rl§ a d9 ol adenylatlon
pression in AR SN BEy B
mendSet al ., Cytotechnology 32 (2000) 109 123 and
Barnes, L.M, et al., Biotech. Bioeng. 73 (2001)

280 R{Dacid 'iﬁ "kﬁie%ﬂﬂy ﬁﬁﬁéc?sﬁl'lé?ﬁlt' i$ piRss higes ﬁﬁ%tloﬁalgrelatlonshlp
Du cher Nucl . Aci ds

ﬁ@otbfr \‘?&FIF‘sz‘I“éd soMiRe P& GERRFo DAy OO aFf‘d?quenCe or

Rsecr&bryalleaderﬁ"{ 6§eralb\19tli|nked\c(aﬁlN/S(ﬁcbr a pPSIPp&fideiPRY expressed as a
3833- 3837

OB PER P el Bt s The e Bf o Gope B o, plomoter or
J enhancemie Ioperwbtyﬂxmrsd RO4 cch;Qg FoquedcegTit affeqss gfegrarecription of the

t Eﬁﬂgh@ent)r PEBOESHIE BRI BB HPked Fo S0 Raheh¥e it i

eger E. I‘ISG

C??%El%fﬁ]rﬁ@l 249 fésdltm ¢@oylatign. @nawHYbypg@h1Yde§<éd means that the

EDNA secju@n@es befAgUKed aMetdiIB0d94nd LiAA0e cﬂ-s%lafjagsgcreaa}? leader,
cont r ol %ufnces hat _are itable for

pro
£ GPntSHaNpI 0 (R CleatBSa MBS By Ve nRtnsFisy B3not Fave to be
O p@ritiuous. sIaqknagoe acantplaheéd bpdigamobandbm@nient @estriction sites. If

K .
th:%tggr <Sig gﬁg )ll& ﬁie &gnfi])l%ﬁm oli oéonlilltcieo{l a@ap%rr?t % lifikers are used in

accordance with conventlonal practlce

The bivalent, bispecific antibodies are suitably separated from the culture medium
by conventional immunoglobulin purification procedures such as, for example,
protein A-Sepharose, hydroxylapatite chromatography, gel electrophoresis, dialysis,
or affinity chromatography. DNA and RNA encoding the monoclonal antibodies is
readily isolated and sequenced using conventional procedures. The hybridoma cells
can serve as a source of such DNA and RNA. Once isolated, the DNA may be

inserted into expression vectors, which are then transfected into host cells such as
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Nucleic acid is "operably |inked" when it is placed
into a functional relationship with another nucleic

wozedsesguence. For exanple, DNA for a preseqBEREE2098/010704

secretory | eader is operably linked to DNA for a

pol ypeptide if it is expressedq .as a preprotein that
participates in the secretion of the pol ypeptide; a
pronoter or enhancer is operably linked to a coding

SEMRKe 1208 defls,i CHO fcekl:st, Soﬁ hfyeldn@eniellsi piait odb adot tdtherwise produce
segu ng.s e

| i nu(r];otglgbglm é)d’o{el o 80 q en C q}xf gsyp{l\egls pof)fs tc?lgﬁggx)ﬁg mggoclonal
t@ntﬁlmdlttsutlalnéehdﬂ aﬁdbl ation. Generally, "operably

I i nked" nmeans that the DNA sequences being |linked are
CARiihg ld&HSSe%@é?l‘ée vhifadtd CoCARENY) & tﬁ@ﬁirvglteﬁlr fﬁlsh@@lﬂ@ Elntlbody are

conti g) i.n readi ng frame. However, ancers
nefepﬁ%f\si YiBtraducipsepRjOBUIate rLquml%chaslgaseeme.a§ﬁbad>b9NA or
| bg autlestidd syneivsRNS @It moaHichtiGisi QR Bl pe@formlell, Bokedver, only in a

not exist, .the s hetic oli | eot
i ted gt el ns dkELEL Bboen Pl Bigrian b fidificitions do not
cdmrellhtzl abos¢ nperaoned entibbdy bharatteristics buslpasithe dgG isotype and
a I .
Qﬁdﬁ%ﬁcﬂbﬁc‘ﬁngrﬁ% ?#leg ﬁngereSt%Q 2feﬁ:f S%h% Fe%%r Yan Q%&écﬂfcﬁlon, protein
pﬁté@émrefsﬂhmtha§u”ﬁé?tl@karrpl e, protein A-Sepharose,
hydroxyl apatite chronatography, gel electrophoresis,

dirgé (}j‘f@ll@wm r exdbdpléd] ts¥ &BE@ﬂﬁﬁﬁ’graﬂﬂhﬁ urbNAr@ o VA to a1d the
enc 1IN

t he .nonocl onal antibqdies isS re d|| i sol
S Ros i o5 THE P hyiions e 35 t50phf Bbickrh et fBrehin the
hyﬂipdndecﬂmclanﬁisl dt cianusdersteodsthat smudifieatifnss dah HoNfnaledin the

08 BN ot M5O O RN S,

host cells such asHEK 293 cells, CHO cells, or rryel ona
ca¢quenebisting not ot herwi se produce inmunogl obul in
protein, to obtain the synthesis of reconbinant
nsngqlmel 1ant i bagiRSadid séiRnEOSt wit€ bjpe. <I&A 110> aktibody heavy
sequence variants (or mutants) of the bivalent,
bi specific antib are prepared by introducing
appAprNat 2 nucl amiricdacid Baqgase bfivildttppe ADGFAGdY akdiady light
or by nucleotide_synthesis. Such nodifications can be
per f or ned, hovvever onlg inavery limted range,

e

a8EQADNOb2d abowminoranid ssguepteof thechenndihaintt (i) <IGF-
not alter the abgys @F—@Hf)@%aﬁg&t hﬁ’l‘ﬂSj(Yd Wef"é}ltl §h i?hteéngys‘chaln

such as the 119G isotype and a |ng, ut m
i nprove the yi el 8oBpn G isgep Cﬁ%y e, bigbigihain ¢emain CL.

PSBQEDINGt @bi | i t ymifo hdéiskqieance of ke ngm éha@xﬂi’*l mc**jrla,e <IGF-

pr ovi ded 1o ai 8 TR Ghiges CERrRG 100k ppdtienindTighe chan

i nvention, the tdomamcCps replasdibyithe beagichdiordomaimCHie

SEQID NO:5 amino acid sequence of IGF-1R ectodomain His-Streptavidin
binding peptide-tag (IGF-1R-His-SBP ECD)

SEQID NO: 6 amino acid sequence of wild type ANGPT2 <ANGPT2>
antibody heavy chain

SEQID NO: 7 amino acid sequence of wild type ANGPT2 <ANGPT2>
antibody light chain

SEQID NO: 8 amino acid sequence of CH3 domain (Knobs) with a T366W

exchange for use in the knobs-into-holes technology
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35

appended clainms. It is understood that nodifications
can be nmade in the procedures set forth w thout

wogeaseisag fromthe spirit of the invention. BEGHEEAWE/010704

Listing SEQID NO 1 amno acid sequence of wild type

<I GF- 1R> anti body heavy chaixpSEQ ID NO 2 am no acid
sequence of wild type <IG-1R> anti body light chain

SEQ ID NO 3 anino acid sequence of the heavy chai n**

( BEQ'ID NO: &I GF-  dRindClacidHeqameda0iis dﬂmhbﬂdlylole\)\ﬁmn}eianT366S
t he heavy chain H.8pl ase yt e ht .

chai n do?/mi n CL. Eg% ng% ?1 3850| settq}’uehﬁ{:'gb o'1‘ntO -holes
the |ight chai n*tern@:Og)) of <IG- 1R> CL-CH exchange

§EQEIWNO yher ei Emﬁri@a&%%eﬁ%fﬁG@of@é&o&néﬁ Hl\i(s) Str5eptav1dm

replraced by the heavy c domai n
am no aci d sequehieding paptidet#g d&FoldRks- ﬁBP%CD)
Hi s-Streptavidin binding peptide-tag (|G- 1R-Hi s-SBP

Eﬁgg SEE Ig%ﬁ 6 am no acid sequence of wild type

A L i body heavy chain SEQ ID NO 7

am no acid sequence of wild type ANGPT2 <ANGPT2>

afitgubotly | i ghbchelaitic fife@e 1dD NG, a8n@ntallp @cuntingeghelecantibody

of CH3 domain n
t he knobs-i nt Wgé)toé%hﬁg 0 @%E%(&B?%&%Ja ﬁ*é&Zghpcham
sequence CH3 Whirhicempsise @9r1a,b|lq appchcopg@ggdomg@gmawvor er.

exphedge for gaﬁmamlctﬂgarmpioswmeﬁtobﬂ@é&ﬁc sr& ?I &ﬂﬁ{prlsmg a)
SEQ ID NGO 10 a o acld‘ggquen e of

i S. Strept avi BiePEBE FRAmang B dbeingy aflua Freahegkp binding
ECD) Descri pt toon fift ;Id’t%eE;l gul b thd @glft&hilrSﬁ)lﬁtbhazt\dyCcham of an
(b, o, 930000 RS 120 S Qhyrom e
| ight chain vxmrtstanctdnmalrssélh/ard @Hllerewplagcd]byemrhother
PG, 11, SRR A0 F U RS s
he 1gh chain and heavy chain of an antibody specifically binding
to a first antigen; and b) the light chain and heavy chain of an
antibody specifically binding to a second antigen, wherein the
constant domains CL and CH1 are replaced by each other, and
wherein the CH3 domains of both heavy chains are altered by the
knobs-into-holes technology .

Figure 4 Schematic figure of a bivalent, bispecific antibody, comprising: a)
the light chain and heavy chain of an antibody specifically binding
to a first antigen; and b) the light chain and heavy chain of an
antibody specifically binding to a second antigen, wherein the
constant domains CL and CH1 are replaced by each other, and
wherein one of the constant heavy chain domains CH3 of both
heavy chains is replaced by a constant heavy chain domain. CHI,
and the other constant heavy chain domain CH3 is replaced by a
constant light chain domain CL.

Figure 5 Protein sequence scheme of the heavy chain** <IGF-1R> HC** of
the <IGF-1R> CL-CH1 exchange antibody (with a kappa
constant light chain domain CL )

Figure 6 Protein sequence scheme of the light chain** <IGF-1R> LC** of
the <IGF-1R> CL-CH1 exchange antibody
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the |ight chain and heavy chain of an anti body
specifically binding to a first antigen; and b) the

WoRDYIB02Shai n and heavy chain of an anti body PCT/EP2008/010704

specifically binding to a second antigen, wherein the
constant domains CL and CH as$_ replaced by each
other. Figure 3 Schematic figure of a bivalent,
bi speci fic anti body, corrpri sing: a) the light chain

eavy chaiplasgfid afpesttHebBbhasiPe IGECEHY WPk REbRGIdPvector
a first antlgrei)ﬁ g_g(g,g%:égrﬁ i ght chain and heavy
chain of an a®d% ically binding to a second
afiguge8, wher @lasntilengoolighttchdiorrhi<i6FAR>and* Cekpradsion vector
repl aced by e;ﬁb ngrG qgl wherein the CH3 domai ns of

bot h heavy chains are a ered 21% t he knobs-i nto-hol es
t@egmeﬂogy . Plagomié rnﬂap&;tfﬁb‘tmTtQO 7§-Quifeexpiessiobiveetbent

xff]@ﬁeuél c antAs@agzgphn&@gBFtarum FARDS fdlfl#'mEP‘Tg ' Riging assay

heavy chain an anti bod qe0| I ca bin
a first antigém24HaFgR ftxﬁéesﬂ{l@Fﬁ Sé‘hgﬁtﬁdéhﬁpf?éﬁiﬁﬁo functional

chain of an amispeafly <aPesri-tEF- I R>EINEHGexcRarfe 2REDOEY
gt 2 wher |n thﬁ%#c?ﬂw . domai ns CL and | are
fﬁ"&ﬁ b by e E}PF"&‘T B &P€i n one of the
cdigtran?2 heavyDSRRAGEdandi sige Giglusionbehtorhatagsaphhaofispurified

oo P ace0 DB aiIEA ERIRT ERTRIR SihanAdaiibody

t he ot her constan
by a constant (&At) cwish nHESfrapmd AL “Fllglhtedsfrpnbt@ﬂn culture

sequence s C he I&p Qhathhe JAeAMINSER! kfAn fe&lcﬁF ofmm £ cafs.

the <I xchange  ant
#&Fag li gh x@%‘g o dRpnasRecic ‘»E#Q éé? %Cﬁ‘lb%&ﬁnge antibody
Sequence schenmd okilddype |<iIGFtIIC:hainﬁ56dy<|tG:thl%F-@*E©D in an

the <I G- 1R> e ant| bodyFi gure 7 Plasm d

map of heavy %ﬁgﬁba 3%@‘—‘{1% Hor expr essi on vector

p Bgune1 4 - IGF ISRSFP AfGE eof8ai] aimi eatclrmaipno¢hrb'rrgthgrqﬂazi HANGPT2-
<I G- 1R> LC™ 14 Dlr %Loggﬁe%*&{glgégnh%%% gﬁ”ﬁ;nb&ﬁé&‘ff&n cell

9 Plasm d mapo P expr vect
Figure 10 Ass&y twieusra}E?rﬁP@n&ﬁ Q}’éltllaﬂﬁlﬁlfi )Ft«@gfected HEK293-F cells.

| Giguk&1 A\NGPT2 Rkl el 0for BadfH@YA to F of cellular FACS IGF-1R-ANGPT2
bridging assay on 124 IGF-1R expressing cells to detect the
presence of functional bispecific <ANGPT2-IGE-1R> CL-CH1
exchange antibody in purified antibody mix: Purified proteins
Samples A to F:
A =124 untreated
B =124 + 2 pg/mL hANGPT?2 + hlgG Isotype
C =124 + 2 pg/mL hANGPT2 + Mix from co-expression of
<IGF-1R> CL-CH1 exchange antibody and <ANGPT2> wildtype
antibody comprising bispecific <ANGPT2-IGF-1R> CL-CH1
exchange antibody
D: not present
E =124 + 2 pg/mL hANGPT2 + <ANGPT2> wildtype antibody
F =124 + 2 ng/mL hANGPT2 + <IGF-1R> wildtype antibody
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on 124 1 G~ 1R expressing cells to detect the presence
of functional bispecific <ANGPT2-1G--1R> CL-CH

wogawamie anti body Figure 11 Schene | GF- |1 R ECBCBIER2WBE10704

Figure 12 SDS- PAGE and si ze excl usi on chromat ography
of purified nonospecific, bivagent <IG-1R> CL-CH
exchange anti body (1gd**) with HC* and LC** isol ated
fromcell culture supernatants after transient

t Eamaplest i on of HEK293-F cells. Figure 13 Bi ndi ng of

fi CL- CH exchange antibody and
2 I‘?ﬁg& eth%%l body to the IG-IR ECD in an
ELI SA- based b| ndi ng assay. Figure 14 SDS-PACGE of and
siGeaerek clinfirmationr oveaersiireaphihe <AncpAde | GRquarRss ClofCHhuman

e X hRMG810B0LALRMY ol ﬁe:ﬁ)‘&%hfam@% gﬁe%thlgz;ﬂat QUAT f zﬁ Sequences of
per na tsfrointr nsi ent | %tr fect ed HEK293~F
grq)tgms,;q) qgécénﬁ | ingeresty ghnégl cRBublict Blepit]a)fSerwce, National
Ceﬂldtl'tll!ltagf oF/MESlth GEethBi-cll%N(EHTZ(C}bM)dQld%%oa&%YOioﬁhtMy chains are
r.e cells,to ect the
£ OHEL AP g eRif Feroanga Bl et R E AR Ao R M iyt Proc.
aMatlbAdad. |Sn1 [I)LﬁrAi 63 696N 78186} aldtxE. ARt iaf.j $xjupnas @f Psoteins of

Sm’\% ﬁﬁ%lc% JﬁF Iléterét &lzé%u rlil.{]l?ggt quaé@l S?f#fc%hmggf mrs&}ltutes of
ffk?&%(ﬁeéb@éﬂfbé\époﬂ%%)d GF- 1R> CL- CHI exchange
anti body and <ANGPT2> wi | dtype anti body conpri si ng

bRS&ﬁﬁbmhﬁth{ﬂﬁﬁhﬁ-_s—lFb CL-CH exchange anti body D
not present E = 124 + 2 ng/ mL hANGPT2 + <ANGPT2>

bl R St ponaigpfP LR 8 BRented rsoHbheok ) o
GeheMalecmlmf donmgi A rhahoegar)dmagu&lh@oldl,&plrmgt}ilaibpsbdn_matoe;sPress,
Otomjmg IEQ%J&Q %%PX‘&IE‘%%@ Oftfe @Hﬂcﬁlgﬁﬂ%logf@ll xrégérﬁs were used

given 1n: equences
accordmg to the manufacturer's instructions.

Gene synthesis

Desired gene segments were prepared from oligonucleotides made by chemical
synthesis. The 600 - 1800 bp long gene segments, which are flanked by singular
restriction endonuclease cleavage sites, were 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 were confirmed by DNA sequencing. Gene synthesis fragments were

ordered according to given specifications at Geneart (Regensburg, Germany).
DNA sequence determination

DNA sequences were determined by double strand sequencing performed at
MediGenomix GmbH (Martinsried, Germany) or Sequiserve GmbH (Vaterstetten,

Germany).
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Protei ns of |nmunol ogical Interest, 5th ed., Public
Heal th Service, National Institutes of Health,

wOBewnsexsa, MD (1991). Am no aci ds of anti bodyPCh&iPpe)s/010704

are nunbered and referred to according to EU nunbering
(Edel man, G M, et al., Proc.pf\Natl. Acad. Sci. USA 63
(1969) 78-85; Kabat, E. A, et al., Sequences of
Protei ns of |nmunol ogical Interest, 5th ed., Public

HEN A AnSproteimeseqiNaice anallysis misd sdquems data inaAhdenent
Bet hesda, MD, (1991)). Reconbi nant DNA techni ques

Stan ' ed t \:pul

a0 88 6 TN P Elpus ", ARG, RN Sotivare package
| abrsioat Y13 and lnéimaxo Véctsp N Ty AdsarizgrsuitaygrsaeroBy) was used for
Pgﬁgﬁncg&kgioﬁ? Ha?girig‘?‘ﬁm;‘sis, New e Kandlifi8 R ratibhe

nmol ecul ar bi ol ogi cal” reagents were used according to

the manufacturer's instructions. Gene synthesis

Desired gene segnents were prepared from

ol i gonucl eoti des made by chem cal synthesis. The 600 -
188BreBYON ¥t §ene segments, which are flanked by

singular restriction endonucl ease cl eavage sites, were
agse iy egréyioarstahnt degribed ahiilgatiésovariahts of expression plasmids for

ol i ganucl eoti des i ncl udi a jficatjon d .
s&Bgé}ar&eﬂwwmepdﬁ-gdlwﬁ%@ﬁ%m EbHEC ST et Pespd either on a
ScDBR Ergdnizldod {vitBAOCHIV-Hfedd Raibmiofdr@raonPPadRoeik Rrganization
(Siratéggpg%)based pGA4 cl.oni ng vector. The DNA

s &g mefer YGHARRYEd gene fragments were

confirmed by DNA sequenci ng. CGene synthesis fragnents

WBestdethianhtilode&pirebsiog ch et thRvesPaCcdohtdindd: ons at
CGeneart (Regensburg, Germany). DNA sequence

T O TR T

(Martinsried, Germany) or Sequi serve GrbH
( Vatlelastaatabegene GdrichaconferDhlpadiltin pesisterice is Eqecdinc e
anal ysi s and sequence data nanagenent The GCG s

(Genetics. Conput.er 0 Vadi sqn /sconsin) .software
R T I
suite version 8.0 was used for sequence creation,

mappiqug resinetiopsdite(s) ahthet>aendn and il lustration.

Expressi on vectors For the expression of the described

antiOthEfaté QAN Rn0lr SRR iflfard irus,
P Ral S PO Rl FUGRS T P Sseloviyes
cel | s based either on a

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

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

- aimmunoglobulin heavy chain signal sequence,

- the human antibody chain (wildtype or with domain echange) either as cDNA or

as genomic organization with an the immunoglobulin exon-intron organization
- a 3’ untranslated region with a polyadenylation signal sequence, and
- unique restriction site(s) at the 3’ end.

The fusion genes comprising the described antibody chains as decribed below were

generated by PCR and/or gene synthesis and assembled with known recombinant
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cDNA organi zation with a CW-Intron A pronoter or on a
genom c organi zation wwth a CW pronoter were appli ed.

WORBew/08e258 he anti body expressi on cassette the PEETEFRES/010704

contained: - an origin of replication which allows
replication of this plasmd igg.E. coli, and - a

b-1 actamase gene which confers anpicillin resistance

in E. CO|I Thetr scriptjon unit of the alntlbod

gEHeheds and %Ytqg?é“f’f&olnd?&th@ agpedipg nyclec 4ol pgments e.g.

I @§ihk iudld We&klkﬁéﬁ);lt&tmtth@ r&pe@iVE vectbRe ThEWESLIGHe nucleic acid
early enhancer pr onot er Pr om t he human

cyﬁ%ﬂ%gﬁm}ﬁ\@gl o oD gsncinge FonttFassieat segsieriiens larger

Qu&ﬂﬁm@%‘?ﬁxeoﬁlastrﬁﬁs Q@NAple)%H ibg dsRitd prep%ratlon from transformed
5'-untransl ate regi on human anti body gene, - a

i Fnentogiieres (Nucleehogd éPfaM«?65¢r§YrMagéléquence - the
hurran anti body chain (wildtype or with domain echange)
as c%NA or as genom ¢ organization with an the

gfhnia

ei
iﬁt‘i'ﬂﬁBJéWB Won-intron organization - a 3'

untransl ated region with a pol yadenyl ati on si gnal
s 8gmdmcicellanbure tedtinggrees veese¢ niedtas descebedims(umenttBret®ols in Cell

e @golgéh @ZOt)ﬁ)S 'BQJ%{QSHS S] § 0 ?ﬁ dﬁ bhe\/F 9 I—ltat:ifc:‘)rcfi 95! L{ﬁg 8tt -Schwartz, J.

OMImere gene
P@Rd Xﬁ@ﬁé?’ %@héecb;)nlqb@s\fvéevaﬁéoaﬁaﬁbl ed with known

r econbi nant net hods and techni ques by connection of the
agespedfio Gnﬂ%‘dl@ Qet%cdxgré%&@lr@nfrﬁnﬁerﬂ coltgaidgectiBh Qﬂ&he respective

SRR AR e aooREts R AYSTIN o dRoy PRRRF cls

sgmm’ngimglsp&moﬁdsahsarﬂmibte]roamsf ections |arger
quantities of the plasmds were prepared by plasmd

(AR AR RO R RISyl | "Gl ur e

techni, gues St andard ceII cul ture techni ques wer e used
aSispedts ppbrdies weneraRrespsdobo Hansdent fockgansiagtign ghythe respective

( gﬂqgésmrB@lﬁérﬁﬁl@l(B g., enkoSmg tﬂéliﬁ%ﬁay aMd, mblifie@hdavyJchin, as well as

WP TERBAding fight @%ﬁgéﬁﬁﬁdlgﬁﬁ%@d‘fieag’\xéewﬂyg%wg§ﬁw93-

bj@BNAand]ls éhurrnan-emlnmrﬁledddray cell linb@93 espressing/Epstein-Barr-Virus

eéBEl@fiﬂéﬁ%Rrﬁﬁﬁlr ?fh Sﬁae%’l‘tﬁ?ee Bl e¥ei %ﬂ;&‘& xﬁﬁﬁ@?ﬁAﬁé@% CRL-

on as descrl

I N suspens
bé0&RR, Lot Hr9i2d81 cuhtlaatgﬂeetl?gMﬁM (RulbercpG3mpaifad Jagleesnmedium,

BGHR&GS 'sﬁ#ﬁletﬁ@ﬁﬂe@ QHHERW RN Ea ﬁ&@r@@m (R¥altch R 8&LET) Gibco), 2 mM
CO transfection of the respectiVv
L-Glutamine (G co), and 250 pg/ml Genetlcm (Gibco). For transfection

FuGENE™ 6 Transfection Reagent (Roche Molecular Biochemicals) was used in a
ratio of FuGENE™ reagent (ul) to DNA (ug) of 4:1 (ranging from 3:1 to 6:1).
Proteins were expressed from the respective plasmids using a molar ratio of
(modified and wildtype) light chain and heavy chain encoding plasmids of 1:1
(equimolar) ranging from 1:2 to 2:1, respectively. Cells were feeded at day 3 with L-
Glutamine ad 4 mM, Glucose [Sigma] and NAA [Gibco]. Bispecific antibody
containing cell culture supernatants were 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.

Transient transfections in HEK293-F system
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expression plasmds (e.g. encoding the heavy and
nodi fi ed heavy chain, as well as the correspondi ng

woRpgs2zad nodi fied |ight chain) in adherent| PYCHEBMOBH10704

HEK293- EBNA cel ls (human enbryoni c kidney cell |ine

293 expressing Epstein-Barr-_Jrus nuclear antigen
Arerican type culture collection deposit nunber ATCC #
CRL- 10852, Lot. 959 218) Subtlvated i n

(Bﬁﬂpﬁ% ¢ gntbadias Mesg gERY R SOERNEIRRt G“B?f%c)tlon of the respective

S BRBMEdEE (¥, §deﬁ1&oﬁh1 1&%’ Hedvyaahd@inbdiGed GRaly hain, Gal vaell as the
serun1 G.bco G bco), and 250

cEPraespending l%to)agy FBYo fﬁeénélggt:t%ﬁ) F&WEPF nerEl§2gg F system
T(m&f@eh) @&oﬁﬁagqatthé BRmhea e ms%c&@cmmyc PiEfK)293 F cells
was used |n a ratio of GENE(t m reagent )t

( Rgyiteagen) growing i ngfrrseﬂﬁ gther i a ghake Hask @f & hgtllwe\@ éermenter

em&&&ﬁ@e Hée J@3f&§&%§5h Y&d%ﬂfétﬂv@k%éé%b Q}Qreatrm%lféfed with a
ratio of &H |ed and wld % hai n and heav
cHux 9f Ehc FﬁlerﬁF%hPlﬁém&S azld12 3&&unr%|f@ﬁn)n Warigioagn). For 2L

f Elﬂ)‘me :Haa( rgm%z Hﬁ@l@gqi &e‘i’l? l¥re s@@dédsat \A’Ql%ﬁm{ye(ﬁq%*@tcells/ mL in
da am ne d ucose [ Sigma NAA

%e@]andsnglﬁ@&drqtcugﬁpmbé%sﬁ dnkhs %Y@&ee&elce Wfr@rt@nsfected

s WL EPA GRS oY\@J 9136 LaR)AE WiflPa. quntS nlif ot A} 2@frﬁ1‘? bptl MEM
transfectioh by centrifugation and stored at

GElnsHEIgenhMohndl0 88 totdplasmid PNA Glebg!nﬂr)nqudmg the heavy or
CXRIRR BRaRf cnﬂﬂaqmgglaﬁgumen%ﬂr&pgn g"%ggham in an

cells is given . in )
BF‘@)‘éﬁ‘gg)laTZBtl? 200 B) 2097l Opy-MFMirisl-2mL 29%hfestiv or ifestia (2rpl/mL).

HEK2Rdirlg ﬁya&eeglﬁké&ega&shﬁlp%hl ga%s@%owo% %p%aa&?quhylg the
transi ent transfection of 'the Tespective [ asm d

( eoyyse ehthsdermentatéom dheysupamarnsd |Cf>m@un%ﬁxﬁyseer|¢sﬁdrant@9dy was
WRhive@sd LREr GO S%ROJ}{H Bgkith d AL werddeifiRd 'd‘ule@@iys lplugllﬁtsd from the
chai n) using the K293-F system (I nvitrogen
asuRsrEAtaRy ardhe supermatuitaasirazen and sferaduct i on. Briefly,
HEK293-F cells (lnvitrogen) growi ng in suspension
gther(%p a .shake flask or in a stirred fernenter in
PRI QsLeTBHBAT | ¢ 293 expressi on nedi um (I nvitrogen)
were transfected with a m x of the four expression
pTas pratsinandcé@fitieoatdf pudfied ectibadidslandideriogdr] was-deteinined by

A L A
12@8fﬁ@mt @hplaea omHee basis offthe pmieadids¢qrenes #ccording to Pace et
t nangbeat s*&lerﬁk 1@996‘4 |z4@|ﬁr11§25 y of ca. 1.5E*6 cells/nL

Wi th ca. 20 nmL Cptl-NEM (I'nvitrogen)
600 total Iasn]d DNA /nL) encoding the
héavyogx 4%8?%%@ SETTEHAT i1 SHRSSTRRET Vel v and he
Tr}ﬂ%g% al%ttlggai%ls gglé nqeglgintl? ls'“dgo clp &[tﬁ;el( %p%pndatei3 ts was

”tdti’ﬁllated by immunoprecipitation with Protein A Agarose-beads (Roche). 60 uL
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 supernatant
were applied to the Protein A Agarose beads pre-equilibrated in TBS-NP40. After
incubation for at 1 h at room temperature the beads were 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 was eluted by addition of 35 ul NuPAGE®
LDS Sample Buffer (Invitrogen). Half of the sample was combined with NuPAGE®
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According to the glucose consunption glucose sol ution
was added during the course of the fernentation. The

WOMpesias ant cont ai ni ng the secreted anti bodyP@a&LP2008/010704

harvested after 5-10 days and anti bodi es were either
directly purified fromthe supgernatant or the
supernatant was frozen and stored. Protein

determi nation The protein concentration of purified
antmplsdRekiciganarat iog d¢ft yarediaed, depertiiche gndpeated for 10 min at

deper. dHsBgheng, %blmaber@l %Bﬁhéd/tc( 64 Blo, A3EP ATE® llﬁé Meis SDS-

the nolar extinction coefficient calculated on th

bR4CE Omvitrrgenhi(withaM QP byffender aervediceg 3165- PAGE apd MES
abuffEr Qi NEAGES ANt Sd@ant4rurdftdd -bhiRs- aM¢@Qﬁ%1trogen) for

concentration determnation in supernatants T
csatiend PREIPAGIDrandstaineshyvish Conmasse Blust i ves i n cel I

cul ture supernatants was estinated by

reci |ta on.W.th Préiejn A A Se beads
(RO HOPTGOTRD Pr g LPHIcA SR BB 53 ARl <l i pigroatants was
t Quatithiivas measuB®-BYP4in(ty OHARMC Tehremafuigraphy, Bifefly,nddll culture

e‘rneilt{ﬂt’\bc%nga? 1n %1bo§é? Sé‘fai uc?er1]1tv t¥Ve ]tha gi IaLtocﬁl'thein A were
Bt b eBind

ure superna
AgaplmsletObzeradppbﬂbBezqmtembrPar@dAﬂﬁ CDBSHNFMOZOOAﬁMEKHZPO4 100

| RURRHIER cftPite, 33H ¥ Haid efu@&ﬁﬁ%ﬁfmﬁrrﬁﬁﬂﬂ&ewftﬂ 90§ 8RPENaCI, 100

were washed on an U trafree- [ter colu (Am con]

offtd qiricracesh pERE.STESamPggent W’E@ 100 pyeers. glﬂeted prandin was

paa&nhaaueb)bwfvf @lﬁ@ﬁbaﬁrﬂb lan€ 16?&%&3&1 $ogdar)arand Abpiirefiddystandard
wth,0.5 g nmVi Na-citrate pH 5, 0. Bound

aﬁgﬁbﬁHggﬁﬁéﬂgﬁb? tﬂykﬁ dition of 35 M NuPAGE(r) LDS

Sanpl e Buffer (lnvitrogen). Half of the sanple was

c ddtioi magistely the NoRw@E@EtipBanhlastiRedieciand Aerevatives ih efell culture

ug%}%(?ff%oﬁit’s WS %gdr&?l%ﬂ S 1&?%@%45)/{ ﬂnqeﬁv nStf)etptaWeH High

nsequent wer e- app I ed

N@m&béerleyatawéurrﬁ 6 sptipaterotifarypletes d&erhe) wwme mﬁsi with 100
buf el fm&nmned e@madnﬁasl PACeapatk VaSlebWt f BlabW2kR-Fcy> BI

. ﬁ@%@g@ﬁ?“ o Bchd! %%sgﬂ%%%%r%ﬁ%‘gge%?rﬂgavw per night a

C@lt(haﬁﬂl mb&qmentlﬂ' hasloindend tiaids owmitlof20anili/yeld iRBS, &rib% Tween

d%ﬁﬁ %/Igv) I1'60 &le /évelf“ ggtat)glﬁltl gps%ﬁ?saﬁ'nl_'gﬁ% (g\@ﬁ‘la) of the respective

guan
c hn@md)'cr@mwmg celt pteltury sun@natanmlwaa raddedirethe atellpard incubated

CRSH RbMH HY a FRERR ﬁﬁe andledsy ﬂo%ﬁ{ {eﬁgﬁrgtn?et TR %l]& Were washed

Protein A were ap to. an Bi osyst

Athrge signes yth %O(QBQ/‘Y?@I emmi ARAskY; Widh t%qt%f{ ‘é”tﬁ 100 pl

pﬁ(a_b‘)é<ﬁﬂdy>€ﬁ®lb Qﬂ)lafrfoﬁ)ﬁ’) gth@lI’thhL)Qs\&etelatl&QQnﬁ%d‘)bﬁr,l -2hona
H 5 on_an

Sygfré)ﬁllterghé Cli‘%{"é 4t i temperature. A@n{)ound 'dpé'ectlon a%tlbody was

washed away three times W1th 200 uL/well PBST and the bound detection antibody
was detected by addition of 100 pL ABTS/well. Determination of absorbance was
performed on a Tecan Fluor Spectrometer at a measurement wavelength of 405 nm

(reference wavelength 492 nm).

Protein purification

Proteins were purified from filtered cell culture supernatants referring to standard
protocols. In brief, antibodies were applied to a Protein A Sepharose column (GE
healthcare) and washed with PBS. Elution of antibodies was achieved at pH 2.8

followed by immediate neutralization of the sample. Aggregated protein was
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quantified by UV absorbance and integration of peak
areas. A purified standard 1gd antibody served as a

wogoedeasd. Al ternatively, the concentrati on oPCT/EP2008/010704

anti bodi es and derivatives in cell culture

supernat ants was neasured by. fgsandw ch-1gG ELI SA.

Briefly, Streptawell Hi gh Bind Strepatavidin A-96 well
mcrotiter plates (-Roc re . coated with 100 nmi/well
bF“cﬂaW?‘i gpgumsﬁ?meﬁaﬁﬁ s byasifesredutipn spipreatography (Superdex

Foo®' GE<Hedithdre)Bh PRS aﬁom)zo ahM I—iist'iﬂlﬁé'ftlimlinl@{ Naét pH 6.0.

roomtenperature or alternatively over cﬁ‘rjt at. 4C and

s e anpibgdy feagtions were porleds\gopsenratednit ragniredppsng e.g. a
OM%MEHA&%%TU@A 9(‘3@) MWED) %Wulgaloéoﬁeﬁiﬂrilﬂé} I §3zen and

series in PBS (g of the respective antib
céiered #i-R8°Ccer 1800 |fffm af thg samples afﬁfesprmsieaé@reﬂlbmumbprotem

W%Ml?nc%”%&”ﬁh‘&l &f élfa&acler%ahomeg mycrs@s PRGR! ali& exclusion
shaker at room enperature. IS were mashe

t Bhroaatpgraphy i MaSEDeGHIMRITY- PBST and bound anti body
was detected with 100 ml F(ab')2<hFc g>PCD (Di anova)

a . /ML as detection antibody for 1-2 h on a
n‘&'?go‘%‘?@r pl ate shaker at room tenperature. Unbound
detecti on anti body was washed away three tinmes with

20be rrNhRAGIE‘@PB&TCastdgetlhsystmu rdndeogat) i was aned bodyrdivgs to the

d%a%%?a%ﬁlrgy s ﬂg ]}ltcﬂltgrgor agrggulm‘ 1’651-% WEH% NuPAGﬁ_® Novex® Bis-

ermnation o nce Was ornmed on a
FIT Bb% PapEestrgstiepbl 6.4) and addisRikeRe MESvrodneed gels: mthmgPAGE®
NAnt6RIMEAEATRINEYEFE HhivEP dr MOPS BidH- f:‘édmcéw Féﬁ)' GAhifbuffer

Proteins were purified fromfiltered cel ture
SM’B%FWQ’( ants referring to standard prot ocol s. In
brief, antibodies were applied to a Protein A
Sdphbtiosaize ekdosiof Chrdmestbgtaphy e) and washed wi t h PBS.
El uti on of anti bodi es was achieved at pH 2.8 foll owed

b¥izk MR RHE cll?r%lr’ljiart A l?}I 'f&n R TR of AT, ftgon and
[See, By

protein wassep m nonomner i c anti bodi es

ef@bgmﬁmst@m t@@ﬁlw@HyaS(@a@émébyzﬂBLC@rmatogrﬂp@veﬁneﬂ%
| Pr&tBa 2 uhﬂe@@ntﬁﬁ\gdﬂssﬁérg ‘aﬁ[ﬂled]t@g 'I'%Nq@k 86 3000SW column in

07 S5th %e% RN ST a%f’&%tie'ﬁtc TREC 1100
I\MGQ)m coertb ra Smmﬂex:mn: eslunai (GE Hdahhme)ahdzsxt BBSedoﬁta Dionex
S%@ﬂ 50 fited a]i)ro%eqr(le warP luea%tlﬁ'et? IGI():yg r@\lll sor Hce and

u equenet pro “ei’l an I'Cs and’ana
c krtegretien iof a:teabrar@SgBldBytdSEJS Eh@ons&zed@ﬂlclilsilﬁﬁ served as a
chhaamyogr aphy or nass spectronetry. SDS- PAGE

Mass spectrometry

The total deglycosylated mass of crossover antibodies was determined and
confirmed via electrospray ionization mass spectrometry (ESI-MS). Briefly, 100 pg
purified antibodies were 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 heavy and light chains was
determined by ESI-MS after deglycosylation and reduction. In brief, 50 pg antibody
in 115 pl were incubated with 60 ul 1M TCEP and 50 pl 8 M Guanidine-
hydrochloride subsequently desalted. The total mass and the mass of the reduced
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The NuPAGE(r) Pre-Cast gel system (lnvitrogen) was
used according to the manufacturer's instruction. In

wopetseasBar, 10% or 4-12% NuPAGE(r) Novex(r) BCTAEPTRBB10704

Pre-Cast gels (pH 6.4) and a NuPAGE(r) MES (reduced

gels, with NuPAGE(r) Antioxidgnt running buffer

additive) or MOPS (non-reduced gels) running buffer

was used. Anal ytical size exclusion chromatography
Shzevyextd lighitadhaiis rm@@hﬁﬂb‘d/ viaOESItMS ¢leh apSkdiaklitoM®fsystem

the a igonmeric state of antibodi es was
pgﬂ?lgsg%gggﬂ ﬁ?ﬂ@ﬂgﬁ ng? ‘ography. Briefly, Protein A
purl fi ed antl bod| es were applied to a Tosoh TSKgel

BOR g BLE30 m\/l NaCl, 50 mM KH2PO4/ K2HPO4, pH

7 T’ie Qﬂn@iﬁﬁ%ﬁ Gj%@rtes %érQ:Q ated %hﬁﬂb&'iés mré‘e@ﬁpﬁ&ﬂ% an ELISA
200 col u

HPsey 99%&% GFhiR éWﬁCéHUIEF dowin %Dhlfé’ﬁtthlﬁlsé‘& By ayacellular
AUSARRRCIGTAIR (iebidass PUGDILoMpRERichRTRAREl [BlRRadEALe and the

trat.ion. ndard 15 01 se st and
LS BB SR Of Hekiman é‘?ﬂ‘é RoRRGL t alpha chain
c{asonling tathe M(als‘[mset\mS 16e71;eWatrdetdal 3 200 Liofukéed trean W-germinal

Elrl_lﬁg ? rgﬁ‘tg{igﬁm Bﬁ’lﬁh@?}g a%@%%é&ﬁcﬁg%d(lﬁ% %NA3 vector

dégtlwwsyndﬁmswﬂmemew 0 BEKEB3] allsellre prongia sequence of the
i’g@gﬁmﬁm mﬂ%tmgsﬁg%g%@teqpnmg? 7 &I%t tsgrz am'u ngh Bind
an Heg%\gawg ﬁg lo‘éécé‘PtftéHP{;F“é ﬁwﬁ@ &ﬁr%ccgéf'&w‘s{a}gﬁ()@é/weﬂ cell
c oliltgiife sﬁ@nlﬂaat tdmand)g solitde NGE-9ROECID BB ﬁSll@ﬁQirbﬁéﬁl over night
1 NS S

a1 S S vay R iR RS sBE PG BES PHs B SR (BBSE sigma).
aIStlb@nglntlyn 100 SLwellnefr 2 dilnGoatréd ofithd réPedtive IamﬂF()}BPand as a
a?&e{égc%ﬂ% %ﬁ'lﬁglﬁn%gﬁgﬂ?hgg :g%gglﬁgpﬁ?ﬁfg?gi‘%VBSA (fraction

desa mass _an

r del stk woy 2aded 19 Hiet welkradns ingabatgd tfer dihdow jaamicrotiterplate
Eghaid/Bap Eb(ﬁn Qerﬁpaﬁuﬁk I8 (M BNBbA e SSUHRREfhe Wt durR of purified

bi ndi ng ELI SA The bindin
ABRET WP 'S eRerATsd Hinb FlsoNFES RUF s aeadith 200
i pLavellELPBS(I‘ assidy bodrd t hatibddy | Raextde&cekil u\krah didoai pL/well
| EFR PR (OGN R CELATTL MR of SR e tnuibgdy for 12
séquenmelcmme@lvée shakey gt edame t¢mp¢ratuIQ dobaings desectiomeantibody
hywagRvdstda hivay thiRE AR with Jdoe BWRlIBPBEBLAG the bound detection
antibody was detected by addition of 100 pL ABTS/well. Determination of

absorbance was performed on a Tecan Fluor Spectrometer at a measurement

wavelength of 405 nm (reference wavelength 492 nm).

IGF-1R ECD Biacore

Binding of the generated antibodies to human IGF-1R ECD was also investigated by
surface plasmon resonance using a BIACORE T100 instrument (GE Healthcare
Biosciences AB, Uppsala, Sweden). Briefly, for affinity measurements Goat-Anti-
Human IgG, JIR 109-005-098 antibodies were immobilized on a CM5 chip via
amine coupling for presentation of the antibodies against human IGF-1R ECD-Fc
tagged. Binding was measured in HBS buffer (HBS-P (10 mM HEPES, 150 mM
NaCl, 0.005% Tween 20, ph 7.4), 25°C. IGF-1R ECD (R&D Systems or in house
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(according to the McKern et al., 1997; Ward et al,
2001) fused to an N-termnal His-Streptavidin binding

wopeoses3t ag (H s- SBP) was cloned into a pcDNRGTAEE208/010704

derivative and transiently expressed in HEK293F cells.

The protein sequence of the 13- 1 R-H s-SBP ECD i s

given in SEQ ID NO 10. StreptaWell Hi gh Bind

Stre,ggbavi din (f 96 wel] mcroti ter plates (Roche)

WEHBNEGA WA Jqed IDoraperheioncertions| wy seluligpeitseagiton was

Cﬁ{ktaﬁir@él BQ af QCFbl'l@Ed:@: nfea’lcﬁgf SRR cctritﬁs't@@ rﬁanltt&‘ &S.Q)\éﬁ’hon was
ght at and washed three tines with 200

Psgasweééw/m@e& thepghaprsurdycg yith HBp, Bgﬁf%ru@m3| Yo rm\ggtes and a KD
AW I ras Ofstiphatid H§1h§’rii §quﬁ%rrﬁflr bhﬁilﬁgem | MEe to low loadmg

anti body and as a reference wl pe <IGF-1R> antib

0
ﬁem s} grrtnring devedi f g<Hok-BEA a(rmbaéteis dRoRoVatEsE HOF ¥ eep
WBhdeH /s LBtali i, Wekhisveadshiidd dabateSd Hulfer LuRel) RBreBsubtracted
m crotiterplate shaker at roomtenperature. For the
dffiomt pasnple sures f%eors%ﬁﬁaena}féwﬁ@mdﬂtrﬁmq baséldneaﬁtlftwéyfor noise

WeibRalaRALLESh . t Biatdie T\Rid EvalJﬂﬁ)nV\@J)fltwsar\é’e\‘e?mmsthg WA 8&d for
tines with 200 nlL/ wel PBST and bound anti b

dendrseaf \Mrtsnrgr@ms m@ﬂm&ncak@bﬁﬁm)l Héinygy mlaty. (lég@\rﬁoblayhows a
atcHimk JT9hBiabdre30QP) as detection antibody for 1-2 h

on a mcrotiterplate shaker at room tenperature.

Unbound det ecti on anti body was washed away three tinmes
WEkdmpRO1nm/ wel | PBST and the bound detection antibody
was detected by additi on of 100 nmL ABTS/ wel | .

Bl dzgequabmela&maa .ot ungdsLe@:moe)@Hm )

ECD was al' so I nvestlgated by surface plasnon resonance
usi ng Bl ACORE Tl QO i nstrunment (CGE Heal thcare
Bié%‘r&lg#ées AB, Uppsal a, Sweden). Briefly, for

affinity neasurenents Coat-Anti- Human 1gG JIR
108:kiibe fAB8 egittdsiomdlassnidefoe themohodpezidid, limalentCNEBFe R CL-

Vi-&yalp e, co ' for presentation of the anti bodies
at%Il chinge ant | R ECD- Fc tagged. Binding was

measured in HBS buffer (HBS-P (10 nM HEPES, 150 nM )
NAbE sequepoBdpmibedicapoanghght chpin vasighble|domaim ¢iibe mRRDSspecific,

SYLRAP QGFLIRD@ISEPH' bidhefde YRSHAFIRRIUdMY Ad %&%ectlve leader
soc| atl on, was

concentrati o ns L n_ sol uti
b§€qé‘ﬁn¢ eiorDEdtS 1 e Rt S W el d&%@ubody
ss§cdhain “}E(Q\/&Ef Neasly bty MS-IPUIQ-I%@LQGEJ’IIRD &dr 4 dight chain
er_fon a. Kl
%MESM oo e gt TR T B Rt e oseos,
| amd Itbacheagy and light chain constant domains are derived from a human
antibody (C-kappa and IgG1).

The gene segments encoding the <IGF-1R> antibody leader sequence, heavy chain
variable domain (VH) and the human kappa-light chain domain (CL) were joined
and fused to the 5’-end of the Fc domains of the human yl1-heavy chain constant
domains (Hinge-CH2-CH3). The DNA coding for the respective fusion protein
resulting from the exchange of the CH1 domain by the CL domain (CH1-CL
exchange) was generated by gene synthesis and is denoted <IGF-1R> HC** (SEQ
ID NO: 3) in the following.
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density and capturing |level of <IGF-1R> anti bodies

nmonoval ent |1 GF-1 R ECD bi ndi ng was obt ai ned. Negative
wogeomsedssdat a (e.g. buffer curves) were subtr BCTER2G080M704

sanpl e curves for correction of systemintrinsic

baseline drift and for noi se ®gnal reduction. Biacore

Tl OO Eval uation Software version 1.1.1 was used for

anal ysis of sensorgrans and for cal cul ati on of

afThe gérieyseghatats o e r<éG]3§IlIB:hm&ﬂ)(ﬁlyﬂﬂﬂenquéndehEg}Bichcitnr\&ariable

aag@%hn &‘@%det%e]h nqa% #llc hea 'ch&oP @%?éhgﬁomﬁ%r {éH P)%vkr%ﬁomed

terlzatlono Specl
<pGindependent chronyTheRdle pcmdltla éorvtaﬁ irespeetive fHsiPR Prafeimregulting

CH'orr?fH% e&@lﬁ)i%_l%@l tlQYCE ﬁ%Hlam Bf" fhel @R rd%i’ﬂaﬁ{ F@LJ@H Fbﬁh§§ge) was

exch an ntib .
ogeqqﬁ@te%kts.gesfsﬁyatheasag idenoggd ﬂyﬁf éﬁ*zw‘iﬁQéD NO™) in the
bisirmeng. <I G-- 1R> CLCH exchange anti body The
sequences for the heavy and light chain variable

ec 1 fic ival en

T e Teh FEEP AR iR PoL e B VoL geuentt of the
setpsﬂm&desl@ﬁslam bed* iheatrhickain xeandpthe Iapélfdérﬂ@le? de*d light
hygap <I G- 1R> anti body heavy chain (SEQ ID NO 1,
pl'asm d 4843-pUC-HC I GF-IR) and a Iight chain (SEQ I D
NO. 2, plasm d 4842-pUC LG |G- 1 R) de d i.n
2@@@7869@@9198 tlaqnaswevneawsaﬁovemog%ﬂre eswéftdant
domai ns are derived froma human antlbody (G kappa and
| ¥ettor pURHERNEGFeRent s encodi ng the <l G- 1R>
antibody | eader sequence heavy chain vari abl e domain

( V"'Zto%‘ oC dplﬁl*hli nlli( aqgéptfggé %Pa%tnﬂd g%n%l Qraglgleplt é{;&f r&sion of

JOIned omal ns

t AeClhirhih exchangdh E@GI]‘ 1&?ah¢fiVG’Cﬂh§tDaﬁC*a dRiNAs organized expression
( EhRggs: Wit G- Ind&ie APNA OO g EBRIA ) LBl &eﬁ)l?%&'blev& essmn in

u5|on rotein resulting fromthe exchange of the
y the CL domain (CH -CL exchange) was
generated by gene synthesis and is denoted <l G--1R> HC
( Bed¢ theNDGE3)R »> HAMexpdsdionicagetidhigetwrsegriit s f or
the <I GF-1R> anti body | eader sequence, |ight chain

ralnaog r{{f‘n g? E%H&t&d;' oﬂp ghret @e%td}t#gfgelgw%lcgeﬁm Q‘Q;?hcﬁtlon of this

const epen
chbhmmimﬂecmwmnﬁxhng for the respective fusion
protein resulting fromthe exchange of the CL donain

by a8 ctelasc@imRivhididontis afpediBAGEist RS in E. coli.

The transcription unit of the <IGF-1R> HC** gene is composed of the following

elements:

- the Ascl restriction site at the 5’-end

- the immediate early enhancer and promoter from the human cytomegalovirus,
- followed by the Intron A sequence,

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

- a immunoglobulin light chain signal sequence,
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generated by gene synthesis and is denoted <l G- 1R>

LC** (SEQID NO 4) inthe followng. Figure 5 and
WORD@WW8e256 show a schematic view of the protei RCSERUIROE 704

of the nodified <l G- 1R> HC** heavy chain and the

nodified <IG-1R> LC** |ight-ghain. In the foll ow ng

the respective expression vectors are briefly

descri bed: Vector pUC HC**-|1 G-I R Vector

pUthdttithah GFGFR R>smature HIC ¥sdiatnergbdisigiadusiog .of tlerhuman heavy

Lh I - .
A0 ST RS O 5t RIEBRIRR A0 comt
wi(Eh) fusrd tmtheo-”n eA)i qfﬁhHEKﬁgma(rEwﬁAble bemas ydrhepgr chain constant

sg@ma%sqmﬁ%s@mrng ).CHO cel I's. Beside the <IG--1R>
* ‘expression cassette this vector contains: - an

ori |n of |cat|o fro he vector pUCL8 which
PR fya

A Powd 26N wih @ BPEadEkaton SiERaEsedeNE, andhd - a
b-1 act amase gene which confers anpicillin resistance

| A the rest@iction JieeSgrabasthei3pendin unit of the <I G- 1R>
HC** gene is conposed of the follow ng elenents: - the

A%‘E]e lﬁéﬁfd Gid °%f§h£ *héd tJE%%nr s p‘tHht&@hMgpgiéﬁ SR> HC*

ance rono
cyxmwgm o¢éteupUC-HETT-KwedRbis shnevn e ridgur sediensaine acid

- sé’qléncéiﬂf fRNSIGL eR> 1§@H+O Gn@lﬁldﬁlghéﬂ@!‘ s@filehBOQY g%ﬂ% SEQ ID

| ymunogl obul in I'ight chain signal sequence, -
hllﬂ%rﬁ <I GF-1R> mature HC** chain encoding a fu5| on of
t he human heavy chain variable domain (VH) and the
heator pABACKH-OBF-1&hai n const ant domain (CL) fused to
the 5'-end of the Fc domains of the human g |- heavy

| i
IR G AP ERIELe g oo
sequbridd! explepnge tHEK-BR» rligbttlfélﬁmle ségDNlA arganfyed expression
3'cas§&@e WHREC VRS 6h K?an fER B (ReRwY Ehabifor sgb'le(\%iupressmn in

ex <I G~ 1R> expr essi on vector
G%{(ﬁlé‘glfs IG-IRis shovvn in Figure 7. The am no acid
sequence of the <I G~ 1R> HC** (i ncluding signal

S Bgsidea de) <IGF- PR ¥ &0+ expisk€idrixassette this vector contains:

- an origin of replication from the vector pUC18 which allows replication of this

plasmid in E. coli, and
- a 8-lactamase gene which confers ampicillin resistance in E. coli.

The transcription unit of the <IGF-1R> LC** gene is composed of the following

elements:

- the restriction site Sse83871 at the 5” end

- the immediate early enhancer and promoter from the human cytomegalovirus,
- followed by the Intron A sequence,

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

- aimmunoglobulin heavy chain signal sequence,
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NO 3. Vector pUGCLC**-1G-IR Vector pUC LC**-1G--IR
is an expression plasmd e.g. for transient expression

WO@h9gs@S3 CH exchange <l G--1R> |i ght chai n LCPET(EPDINS(010704

organi zed expression cassette; with CW-Intron A) in
HEK293 (EBNA) cells or for stsmple expression in CHO

cells. Beside the <IG-1R> LC** expression cassette

this vector contains: - an origin of replication from

t hethv daintan RUGH-8 Revhaetibalyl @agire gt cdhibino en@fdindhia Sfusion of the

S - coli - > Wi ah.
gl(l)lﬁﬁuer%xglglgv cEamlcvlgrllable %l%gn in ﬁ\ég) ?r?]‘cf‘\ E‘ée C%rﬁ?&?i}-ﬁleeavyl &fhin constant

[ npicrliltinresis
t damaorsi(H1On unit of the <IGF-1R> LC** gene is
conposed of the followi ng elenments: - the restriction

SLL8’ 28R83%Hed ALidnNGitPa pBREdenyldti®nisiPrEIeah & B aindY

enhancer and pronoter fromthe human cyt onegal ovirus,

- followed by. the Intron A sequence, - a 5 -un
trabfslieatf'éawél@ﬁsgﬁﬂaﬁ}iiseqaﬁﬁw ARbfbody gene, - a

I mmunogl obul i n heavy chai n signal sequence,- the human
<[T&E- plesmahtmigodhf thet dight lcB4h*th@LiCHhcadhargea<I@Bil®y» LC**

. ' : . b o .
RS Roh N SR AE O Ry ld. 909 o acd
usequgned af e £Kdi-OR>HGEH Gnadedipgdigngl saquencesiiggiwen in SEQ ID

serygnce, and - the restriction sites Sail and Fsel at
the 3'-end. The plasmid map of the |ight chain**

oF! S BT T kot iﬁ%@ﬁ?@%ﬂ%ﬁ% SR fofcirgpsient or
s eghleneetrahsfédions b ghintB>HEK293, (HEICA9BAEBIYA SorgOHIO cells (2-vector
o OCHERE Por Lamo4Bl it Rilpe SIGE ARy v ransintly
t exprsssedhifroon plasaidsed#43-pYarlsi-¢6F18nSER I NQ@t 3) #iEk28483-pUC-
HE93r BRNAESY IHNO: ‘ifhlléa‘-l%(ﬁrs Y& HeWnes YSLRPA inFtﬂLs gg;m%.s

conparative reasons dtype <I G- 1R> anti

transiently expressed from pl.asm ds 4842-pUC LG I G-I R

( SEQr (9> Raichimve drighes sxprestipideveisdp. frrpsientgxprssiens 1y HEK293
afBNegeds the 10E- e $H e sadhirdisidni dasseit Tafbargabecloned via Ascl,

SgrAl sites and the <IGF-1R> LC** expression cassette can be sub-cloned via
Sse83871 and Fsel sites into the 4700 pUC-Hyg_OriP expression vector containing

- an OriP element, and
- a hygromycine resistance gene as a selectable marker.

Heavy and light chain transcription units can either be sub-cloned into two
independent 4700-pUC-Hyg-OriP vectors for co-transfection (2-vector system) or
they can be cloned into one common 4700-pUC-Hyg-OriP vector (1-vector
system) for subsequent transient or stable transfections with the resulting vectors.

Figure 9 shows a plasmid map of the basic vector 4700-pUC-OriP.
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In order to achieve higher expression levels in
transi ent expressions in HEK293 EBNA cells the

WOD@P8IZR> HC** expressi on cassette can be subPCTHR2WS/010704

via Ascl, SgrAl sites and the <IGF-1R> LC** expression
cassette can be sub-cloned vig Sse83871 and Fsel sites
into the 4700 pUC-Hyg Ori P expression vector
containing - an OiP elenment, and - a hygronyci ne

r Ezhmplri® gene as a sel ectabl e marker. Heavy and
light chain transcription units can either be

S WRIGLEE e hUnd
c axprigssiar] plassaiids nt 0 one conmon 4700 pUC- Hyg- Ori P vect or

( 1-vector system) for subsequent transient or stable
t %@SQF@F URBSfdM(;nh Ellik% (}@@tﬂ linAILYeCIQliSn denBYr BoMprising the

0 sm basi c vector
ﬁ wéo %?% %ﬁqmpfgthr—sw el (B LR hantibedysyereiapsembled with
IkMﬁWﬁ NtecothbimaARmdéthoddané xettanigees byt icopmetioN PsRstsd @Ecording
asm m ds The IGF 1R> fusion genes (HC** and LC**
5|8ﬁa§€' %yalgnpr|5|ng t he exchanged Fab sequences
of the wildtype <I G--1R> anti body were assenbled with
k Abeannudaio riisidn serueness henkodimgd thee Kbl QUBIEC Hyarsb bt t wem each

of ﬂtﬁ@slz%gcw Qh&glcﬁp%lzrﬁh&lsagh&l sﬁﬁ&gﬁ'&;‘%ﬁr cl-Blﬂ@d VIH&J q V\gPCRScnpt

a sequence encod I Ng
Z%Iﬁlt ehbas Kby d@ﬁé}ﬁ Yférors@rrﬁﬂ’égﬁts(%wsburg, Germany). The
S Eﬂﬁ@ﬁl&fﬁak&tt@ bﬂ&tﬁlﬂng HeQGE- IHPERSE Waﬁh% dt &t indd ﬂfﬁﬁ’@ﬁﬂectlve E. coli

d GA4 I t t
CBRvmid 1wl dnp e tioteite ubiaeNs R dmkrester PUC-
HECH vi&d-1R; gﬂnteeaiprersi;lon tdassette epesding dieEresp@:Itllve pGas d.C** was
M llgaaF?f Lﬂl{o r%ggglvgr E Sg@i %&ésgﬂ% SM qﬁruheﬁilél tgaﬁg résﬂ%ctt%ﬁ sites

vect or expressi on_cass

eﬁ@?éhlnﬂg in Hhe r@sﬁ\ée‘(ﬂcw ePVEELCH -1GF- ’1R\M§F§1€I sehdentd] ppgeic acid
ueBER8FL¢ V&iffed B&DDNApéeﬁﬁgﬁ&In%/ IF3r B‘éHhEntasmdl scéﬁil& transfections

r striction site sulting in final vec

qreavantiges |of t a%’é‘él‘ﬁ?f@dprﬁﬂ%‘leé & almLd RieRAteQn from
V\/&faﬁsfbiﬁﬁed E asblilzyiltDNA (Sadleebsri dWX, MachdréyaNagdnt and
stable transfections |arger quantities of the plasmds

red by plasm d preparation fromtransforned
“%kﬁn feel'Wltures (Nucl eobond AX, WMacherey-Nagel)

Exanple 1C Transi ent expression of nonospecific,
bilyansient expressionm! npnaspgcific divalegbGF-1R> CL-CH1 exchange

antibody, purification and confirmation of identity by mass spectrometry

Recombinant <IGF-1R> CL-CH1 exchange antibody was expressed by transient
co-transfection of plasmids pUC-HC**-IGF-1R and pUC-LC**-IGF-1R in
HEK293-F suspension cells as described above.

The expressed and secreted monospecific, bivalent <IGF-1R> CL-CH1 exchange
antibody was purified from filtered cell culture supernatants by Protein A affinity
chromatography according as described above. In brief, the <IGF-1R> CL-CH1
exchange antibody containing cell culture supernatants from transient transfections
were clarified by centrifugation and filtration and applied to a Protein A HiTrap
MabSelect Xtra column (GE Healthcare) equilibrated with PBS buffer (10 mM
Na2HPO4, 1 mM KH2PO4, 137 mM NaCl and 2.7 mM KCl, pH 7.4). Unbound
proteins were washed out with PBS equilibration buffer followed by 0.1 M sodium
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anti body, purification and confirmation of identity by
mass spectronetry Reconbi nant <I G- 1R> CL-CH exchange

wOozpoieedy was expressed by transi ent co-transPEEHEPYNSOT10704

pl asm ds pUC-HC**-1GF- | R and pUC-LC**-1G--IR in

HEK293- F suspension cells as zgescri bed above. The
expressed and secreted nonospecific, bivalent <lIG--1R>
CL-CH exchange anti body was purified fromfiltered
ceitiate:bnhﬂfarr pHSuparhatsoet svithyPBS. dletion ¢f aftibordytwas achieved with

T L
c wlithu3Q9pt A dr Fras phit 30 fpep i mi érﬁsﬁl@htAggr%q@epr%% vagseparated
C e H&l@ﬂg’)ﬁc%ﬁbf)ﬂlfeyg 129 BxAiGord tlllr‘bh?attd)ét‘ﬁlplﬂﬁgn amMplLb&d 26/60

to a Protein A Hi tr colu
réap%rﬁ%%@ Péeqma; cologn 6&?{5 ﬁfq@tiéc ?@\‘3 I%Pdme’ 150 mM
PH 6D ad iﬂdﬁB%rlc]a'il_t'lbﬁﬂdl Iﬂaaloxﬁn\derz sﬁbﬁé&{h&ﬁly c@dentrated

s.%ﬁﬁiﬁtﬁoﬁﬁf BieO o bt oy o gl IgFaR> O

baﬂﬂeexchp:lrgeﬁarﬁlb@dyi wmﬂwdn ‘ancﬂ latoRBat 20T oo R8ASE. The integrity of
h

Zﬁgé ?F Jes ;@mm\fmé;%h%gte artfifdd g%%o%éiﬁeﬁ'w 3h8. PARL*E in the

| ate neutr zat1 on of theS@
vmpme@@mﬂd absevicrof 8 rpdnangagsat and pybsequent sigining with Coomassie

A%tgxngaggtlﬁ&e RS Qfe?drfbe&’aé’oo%ﬁpMcﬁfoﬁ&rfcr ?ﬁfﬂe”@mﬂﬁek[GF 1R> CL-CH1
ant 1. podal es Sl Zze eX n c ra

HEX 3882 8P BbOdLas geniE B Breaﬁa[amg@ kot l%fcéﬁfomatography
HeRilgtiRc E) &Ihdrﬁttaﬁkeﬂ%hilpiids ivelire providdd folvisdlaseugit proRiramdhlytics

C Sng reFﬁ{l?t{,%ng N c}lljasra qgrlzaglaCt E?Inpaige%%cé&%gtﬁf %Sgﬁllféed the theoretical

c emlequiargmiassc of ¢lemtcorapb|tely degpcaspated] CHpFdReh&hcfet]l exchange
aghiibogly was frozen and stored at -200C or -800C. The
integri'ty of the <IG-1R> CL-CH exchange anti body was

anal yzed by SDS-PAGE in the presence and absence of a
r@é@@&&gl—])e\gent and subsequent staining with Coonassie

brilliant blue as descri bed above. Mnoneric state of
t Imlal%@Bf ﬂtRiG(BE}}CbIndﬁi@ﬂﬂabeleleanf inbaokpevifis, tieaiéritd GEel Koy CL-

an esalI %1%08)(%' alflslldiplﬁ%m q aﬁmgAa ELD Wide 932)

protein analytics and functional characterization. ESI
nide bipdingr pieperties b mprawdcifipebivilent sl GEJRonEileetill agxchange

"@ﬁﬁb&i tvgl%t éi'@fﬁﬁ{eﬁtlﬁla\h EEBAY& ‘lvﬁﬁ eHe fd}fﬁ‘i'Rl&raglhﬂT" domain
oA KADRGS 6%2{5' s tﬁgﬁ%ﬁfgﬁ erractygh dormah feeT- LiRsesidues
CLIQHZ) eéﬁﬂpa@@g tH@hdtbﬁﬂYeatlélr fQuére-ahR theL1-bisteth duwgcH=LR Sdmains
an they rlnglrclz ?EE-IR ectodomain of the alpha chain (according to the McKern et
al.,, 1997; Ward et al., 2001) fused to an N-terminal His-Streptavidin binding
peptide-tag (His-SBP) was cloned into a pcDNA3 vector derivative and transiently
expressed in HEK293F cells. The protein sequence of the IGF-1R-His-SBP ECD is
given in see above. The obtained titration curve showed that <IGF-1R> CL-CH1

exchange antibody was functional and showed comparable binding characteristics
and kinetics as the wildtype <IGF-1R> antibody within the error of the method and
thus appeared fully functional (Figure 13).

These findings were corroborated by Biacore data with the respective purified
antibodies that showed that the monospecific, bivalent <IGF-1R> CL-CHI1
exchange antibody with a KD value of 3.7 pM had a comparable affinity and
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The binding properties of nonospecific, bivalent
<I GF-1R> CL-CH exchange anti body were evaluated in an

WORDI®B0228say with the |G- 1R extracel | ul ar doRETAPREIDI0704

as descried above. For this sake the extracellul ar
domain of I G~ 1R (residues 1-3#62) conprising the
natural |eader sequence and the Ll-cysteine rich-12
domai ns of the human | GF-1 R ectodomai n of the al pha

c batiding kinetesdoniGE-ARtEED ok Ker arigital atildtypeQAIGF-VAr dngbody with
al 1 & to an N-termnal Hi s-Streptavidin
b?ﬁ%?ﬁ%géé%%?ggﬂtag (Hi s-SBP) was cloned into a pcDNA3
vector derivative and transiently expressed in HEK293F
cells. The protein sequence of the | G- 1R Hi s- SBP ECD
IS given in see above. The obtained titration curve
shoygdletiitat <l G- 1R> CL-CH exchange anti body was
functional and showed conparabl e bi ndi ng

cEarScle¥ustg s..and .ki netics. as, t he mﬁLgt
a Al el o properdl QNQOSPE 9

1K bind es of ; s 'Divalel
aQbtla¢xearigelanyibbdylboy FAGS withAiGEHTR 0ve3)expidssing 174 eells ngs
wer e corroborated by Biacore data with the respective
our i i ! o . ¢ } cole
bt o o B I Rl aHIRPEE <O L T B b tibody
vi0 the KiF-3R oveverniessed B ripasaace offt4 ﬁ¢1w¥HHéE§? if8llngypressing
kiré?ﬂﬂixﬁarft%udéﬁ; IGIR_ltﬁ%@o@ﬁe%tiB@tlu@[édﬁitng\g\&i B¢ €5x1(|)E5 [24cells
<| GF- ant i body a KD val ue of .3.2. e
RO EAGH Pibentre; Tstbised P an oD 6 aitifeds < RTRSC cL-crt
mexchapge hitittndyhindabibdtypd GFRGH-RR>ClnGibode xc haefgenaatnd otynbated
by FACSw th - X [ 2 l. .
o anel 1 MrBonh EaiES N Masra ity Sith £ ic oy ppSBGibeo) +
eeh EO§ & Gatrmo) bdubsequentliiecellcare genpnifaged p ris s 400 8) apd bound
S . f I .

ldflfl?gcfy ! e&%th@%ﬁkﬁﬁ%cﬁ%ﬂ ?c;rﬁ??{}ﬁ?@hd?%va){zgn ice for 1 h

reconbi’'nant human_| Roc

d . :
BPreiestyd tmm dight. Unhanndsdsseqtiop gnibpdy s yﬁ@eﬁr%@efa‘f 4 ml ice
Wichld PBIH ug F@S.l Sglfbs@}dl@hfl}"@dli%@erﬂtﬁglgjﬂi-(mmamo ffgal,rigﬁlspended
anti a e <I, G- nti.body as..a.refe .
PRt A aa i BB Gpetscs™ auiiBiing GRSBA T G ERCSCalibur
was HetiChv@antov (B 4Fh? dhaendpl16.06BI{lGpec gicquis@imCBuring the
(G I c 1 ] :
ageP et HESERAAE Mory B Lol Gr Bl YRR e b ufbpecific
<|bm<gng31§v¢mﬁj Bigding qubﬁ%\my Gk exchange pnibeshyeand gyildtype
f roarl irghtrefeldneO URELIG) @6tIGIIRMNH bR ellsS rdaR higda adAYparable,
with 4 m ice cold PBS + 2% ECS. Subsequently, cells
aceneeafRtipR dgrendent fh Oﬂﬁ’ﬁa’bﬁ?oﬁeé@f}%ep‘é‘ﬁ%’éﬁy'i h 300- 500
nmL PBS and bound detection antibody is quantified on a
FAkEaplds ur

Description of a monospecific, bivalent <ANGPT2> wildtype antibody

Example 2A

Making of the expression plasmids for the monospecific, bivalent <ANGPT2>
wildtype antibody

The sequences for the heavy and light chain variable domains of a monospecific,
bivalent ANGPT2 <ANGPT2> wildtype antibody including the respective leader
sequences described in this example are derived from a human <ANGPT2>
antibody heavy chain (SEQ ID NO: 6) and a light chain (SEQ ID NO: 7) described
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or FACS Canto (BD (FL2 channel, 10.000 cells per
acquisition). During the experinent the respective

WOi28e0pmd3cont rol s are included to excl ude anyPCT/EP2008/010704

unspeci fic binding events. Binding of <IG-1R> CL-CH
exchange anti body and wi | dtypss <l GF- 1R> reference

antibody to IG--IR on 124 cells result in a

conpar abl e, concentration dependent shift of nean

f i 3 O2066/045049t zﬁﬁlstlteyheaEy( amblhght chaibesastapit damaiad age derived

fi wi | dt ype anti body
ExarrpF%ﬁE.l l@gﬁlgbéa{)(?ﬂ% expg | on plasmds for the
monospeci fic, bival ent <ANGPT2> wi | dtype anti bodﬁ The
sdbgevildpe FANGRTR2 santibodyl WasgHioneddite plasinids| 8804-pUC-HC-

doairRGpe 0f E@ 10PNOS BEGhd 'SBO6%@&€DAN@1§@QR%EQNWN@>7) that are
type anti body i ncl gf%nst the respective | eader

séage&@@sto YecidseeeH he REq¥iUS eé%raplaéﬁ ved froma
human <ANGPT2> anti body heavy chain (SEQ ID NO 6) and
a For gbinpatasive rédSbea3 hbtd I‘fﬁ co-expression b:qﬂ'hlf’ne\ﬁﬂ (see example 3) the

ZOOI%_It)%gSQKIIgGﬁQggaH? b$ om a dswn'tl Z cQ- ?e[))%laergse%l lasmlds SB04-

are deftved urran nd

| gEG-HOFAXN G TZHanyh @B06ANCETIC- A¥EP Body was cl oned | nt 0
pl asm ds SB04- pUC- HCANGPT2 (SEQ I D NO 6) and

SEQSmBIdGH-C ANGPT2 (SEQ ID NO 7) that are anal ogous
to the vectors described in the previous exanple |A

For .co rati ve reasons ]and f - expression )
e 3 h valent < PL 3 gy gxpression

aplashody was transiently (co-)expressed from plasm ds
SB04- pUC- HC- ANGPT2 and SB06- pUC- LC- ANGPT2. Exanpl e 2B

N%en dr.qélc tzjl?d rgg 'eB& &]nséJ {ﬁé"',ﬁﬁ‘é TANGRE2 ana\” iét%&% each

anti1 bo express e nuc el c ac
s éﬂubeﬁw@l b @b@mrfgl tsmhmrré >subiggqaiantly @qned eing;n @hpPCRScript

i%(solfrd;tetg%nﬁfgagﬁ ﬁ@&ﬁg@l&ﬂ%&&eﬁl @e&aﬁ (g&?éﬁgﬂtgtde)‘many) The
CIEBHIE PV etetie <aEoBoh bt €A NGEIgTaR Ltz ‘i%ﬁﬂdﬂ%t eFfwective E.
el)cali a3 intidh r&aﬁﬁfgt inethe fivatli Ivétgoﬁ SH)4<MZ>%NGPW&S the expression
clon ILntq.t res ectl rLesS

PR i Ber Rl SN IE AP R v dhe afipssiive &
cask plasmié mesultinggint the frrad peaoi SBO&P\NGPHQﬂN@PMsThe subcloned
claged 4 Qeqrugx?ceg e T | 1% DNA sequencing. For transient and stable

transfections larger quantities of the plasmids were prepared by plasmid

preparation from transformed E. coli cultures (Nucleobond AX, Macherey-Nagel).
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coli plasmd resulting in the final vector
SB06- pUC- LC- ANGPT2. The subcl oned nucleic acid

wogewsmseés were verified by DNA sequenci ng. F8CT/EP2008/010704

transi ent and stable transfections |arger quantities
of the plasm ds were preparediday plasm d preparation
fromtransformed E. coli cultures (Nucl eobond AX,
Macher ey- Nagel ) . Exanpl es 3 Expressi on of bispecific,
bExahples 3<ANGPT2- | G-- 1R> anti body, wherein in the
heavy and light chain specifically binding to IG-I1R

2005t 8fis m' 05215 AORGPTh. Ieﬁmﬁm &xq% ACH the

ANy trdamaanﬁGL and

a@il%%@'ré?l&&ﬁ'b%a&i‘ otﬁbﬁabﬁ%aﬁdl@‘ﬂam%QEB.WT@[@}FQR&YCL-
M > tvpe antibody in s to
y %QMANGDTZ | GF- 1R> CL- CH exchange

anti body In order to generate a functional bispecific
abBkaplh\BA ecogni zing |G~-IR via the <I G~ 1R> CL-CH

exchange anti body Fab on one side and <ANGPT2> via the

</Nr\ﬁ§1Te%%céNek SR

eo _nerel n C?S </-\I\|Li"|£ ILi—

t ‘&%l\%ﬂﬁ%@FQR%I@-@H ﬁéccﬁ%eﬂﬂxtﬁa@&v t he <ANGPT2>

ant1 body (exanmp g a stati al
o GEl oot fe%@aL 55993 i B RO S R G 19 Vi the
extOBRIRe @Eéﬂlﬁl cReétiange HetibodihFsb basitletsidd nd RQNGPT2> via the

ge Lon_ of cific an .
R LETTpeoB ol O g sfiile e st Pishioly Plasmics
boodingrfor Bbeli<dSFark> éauélHly exwhahge aptibadye (exanmplaril A owre co-
t akl [ d t [ u t
Skiageg! gy 20U HBERRUEL D Sl AL o
<prgibadys (xpmelq 24k éﬁ%’g‘@gérﬂqt’ébﬁﬁ} asspyiafipr gbpildiype heavy chains
<HE 23 RANETR>excharkgdd haxe tbniae ﬂ@*‘* ttﬁii)’resulﬁnﬂ Bk generation of

o BEsse 2B e V<ZF3‘F' Bt e Chrg PTGt ofing Under

CtheC‘dﬂkmdptram nsat tboeh hmtdspdiescare etluaﬂ]lyobeellmxpchseddSarﬁimuhoht taking

P 1éig 2’8% o‘ge Tt %ﬁ&gn tﬁagg}%u(f&) ri[Fgalfttl% !1: elbzt £l d& %Y%é tlgee main
hpgriictse ir sEsSF-dR>t Cén@fléntexmpg@witlbndyu BD dssnehéh KHeF-1R-

<WRGEFS WLl i R&cRlHEe dnibodf> afrlt (§Hk m@g@nldtgpe antibody.

ant i bod| es the rati of <A T2> wi'l dt antib
pPasril dideaprgdistegean 54 FOEaah gt thp Gashang? of only the

pmﬁm{dsddﬁﬂeﬁn§ﬂiefﬁr@ﬁ1ency of side products should be reduced compared to
the complete Fab crossover. Please note as the <KANGPT2> wildtype antibody

showed higher expression transient expression yields than the <IGF-1R> wildtype
and <IGF-1R> CL-CH1 exchange antibodies the ratio of <ANGPT2> wildtype
antibody plasmids and <IGF-1R> CL-CH]1 exchange antibody plasmids was shifted
in favour of the expression of KANGPT2> wildtype antibody.

To generate the mix of the main products A) <IGF-1R> CL-CH1 exchange
antibody, B) bispecific <KANGPT2-IGF-1R> CL-CH1 exchange antibody , and C)
<ANGPT2> wildtype antibody the four plasmids pUC-HC**-IGF-1R and pUC-
LC**-IGF-1R and plasmids SB04-pUC-HC-ANGPT2 and SB06-pUC-LC-ANGPT2
were transiently co-transfected in suspension HEK293-F cells as described above

The harvested supernatant contained a mix of the main products A) <IGF-1R> CL-
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in favour of the expression of <ANGPT2> wi | dtype
anti body. To generate the m x of the nmain products A)

WO2D@mSIR> CL- CH exchange anti body, B) bi specPCITEP2008/010704

<ANGPT2-1 GF- 1R> CL-CH exchange anti body , and C

<ANGPT2> wi | dtvpe anti body thg four plasm ds

pUC-HC**-1 G~ | R and pUCLC**- | GF- 1R and pl asm ds

SB04- pUC- HC- ANGPT2 and SBO06- pUC- LC- ANGPT2 wer e

t IGhhE iegctidnge cantibodys Be diigebcifiac s ABIGHITRHIGE-HEK2GB-EH1 exchange

T .
e
exdhlasgehaage ithudy BisBycine SPe&H1 exchangPTieix| @ntaipmg cell culture
Chafdthaigxchange l‘ri‘am'ésté‘ad%w cé?‘x@lq gltlcﬁﬁl\lga-rgabs\éhug{tﬁp'ﬁunﬁed as

anti body_and | s denote as "Bispecific CLCH “exchange
midgerib eﬂlagﬁ‘é"cl fguge & - CH exchange ni x contai ning cel

cul ture supernatants, vver e harvested by centrifugation
afthe Sn:ﬂagxeqruérthé ynﬁbtsdyf ﬂanw@&ardﬂbQécﬂ be $DSbPAGE 1Eitﬂ¢l peesdrte and

Th .
SeBoep P} kil e AL IR BL MR PR CHERfa pritiont blue
agedescaibed.sTips &D&fﬂﬁGE} showédh thatithdre Gooerdsdifferent ihle:iwyamtd light

2|c13;|§¥161§es@ﬁ§301 iRe r%‘)-r%gﬂﬁo%%?t&?%cﬁ mﬂﬁgedt L Thb q'{%&ld’fﬁér?c state

fferent heav rese s in
poé she a@ﬁIWYa@%wéépe@m%bnée Yg@ﬂ pize Erelusion oispmatography

StiAl esHofwell Nehal Nthie PPEYfidH XnHBSdYE QPédidsRerddYn anahyhdfhddic state.
e_excl u% hr onat o}gréw%?{ nd sl?owed t hat the d
AFachg” aﬁb‘g? SPEC e 19T SUbSeARIFe PrQteig; gpalytics an

Charigiohelrdhaedtesaatidres wer e provi ded for subsequent
protein analytics and functional characterization.

Eg@#;_%mt ection of functional bispecific

< - -1R> CL-CH exchange antibody in a cellular
FACSbrl dgl ng assa} on 124 I GF I RI expre33| ng ceI s In
<m&%dr@aﬂﬁl&%ss@<&hmqepm a&iﬂé*symlgr&emshe

purified bispecitic CL-CH exchange m x of the main

IR SES i cbuishobrercaze of SuSehone Rt Ul CRAE SalR> CL-

, CGrhid exShangdNariiRsd ywinl thieypuerifeadt blblmt;ﬁcf €br@H hexthangs ingint of the

sy RERRBLID) PRACT R O SERILE alfpody. BRbiahghc ShRoPT2-
eXpFdEsi Qb Gt exdbrngarntibednnandE) RANGRHeyildipe antibody from
p@ﬁef AaHR6ht I&lexp%&mﬁ Bédcﬁﬁbcpllﬁ dx8mpRPBA! @ dcelllllaFi FMES IGE-1R-

@?;E%/EIP E@{lg I@%agpgl\lgp éhfellﬁ EI‘\:I{I?{%RI? 3 cells express)l(rcl:ghgggmbmant human
IGF 1R, Roche) was performed. The assay principle is depicted in Figure 10. A
bispecific KANGPT2-IGF-1R> CL-CH1 exchange antibody that is present in the
purified antibody mix is capable of binding to IGF-1R in 124 cells and to ANGPT2
simultaneously; and thus will bridge its two target antigens with the two opposed

Fab regions.

Briefly, 5x10E5 I124cells per FACS tube were incubated with total purified antibody
mix and incubated on ice for 1 h (titration 160 pg/ml mix). The respective purified
antibodies wildtype <IGF-1R> and <ANGPT2> were applied to the 124 cells as
controls. Unbound antibody was washed away with 4 ml ice cold PBS (Gibco) + 2%
FCS (Gibco), cells were centrifuged (5 min at 400 g) and bound bispecific antibody
was detected with 50 pl 2 pg/mL human ANGPT2 (R&D Systems) for 1 h on ice.
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purified anti body mx is capable of binding to IGF-IR
in 124 cells and to ANGPT2 si nmul taneously; and thus

WORDMYosSBdge its two target antigens w th thePCRAP2008/010704

opposed Fab regions. Briefly, 5xlIOE5 |I24cells per FACS
tube were incubated with tota4] purified anti body m x

and incubated on ice for 1 h (titration 160 ng/m

m x). The respective purified antibodies w | dtype

<IS@hsed) Renthyn dnkdiEPARS PR rveasaypshédedvaymrnich er t@ide wehl4smbise cold

f%@%ge{‘%"ﬁag?(’ 4ed @B&B %\{1&%? AR 00%) End bound
cANGPTUgad detectddnwith ZD@! §) ug(mL ‘BiapleilBiotin antibody
:__Q{ Amgl V\@&DdWs?&ﬁsq dfoi‘\"4t5 nnﬁpom ice? alfBriAkivayNENs AN Tcubated

st errs) e Subseque t]

u
50 le? el ety Bk Tin s oiral 19(&12 feteTgg. Unbound
C@k&c@&ﬁaﬁﬁ@%as*wa%eﬁcﬁra@@ﬂm @) ml ¢l dodd WBSEGibco) + 2% FCS

CLBHepb o v sttt Gt o AN SHR P a e antibody was
ardetebied wihEAMIAB00 SREDtydin iisgonfugateddnvitmgorZymed) for 45 min
aloBgEJ]@t(Jt%/c%cyﬁroﬁlel y%ﬁ Mﬁs@m‘fﬁ %ﬁ%m‘ﬁbﬁ &@Qg{qﬁ wglsj Wgéﬁ@d away
deﬂ@b‘t md icexgold BBA Y- %\‘}ésF%sSHb%rqa@w/ mlksrweate entrifuged ¢p gnin 400
E £e§i142>eﬁaed+ @%0&@60(@ IPB38) and® Bbhsd \Were ta@rﬁﬁﬁJFEf B@gtgate was

(ot ot b LR, LBty Y o

( IDuﬂrIgr thg eﬁlieﬂtﬂad)thé aspekhiverisbtypa conteolp mtemthﬂdecﬂ t@axclude any

S pe AR’ G SN0 YRt Pien 150
cehhbocﬂmesr <l(JehRpiahd g@dNGBT 2% wezbooclgﬁed asecgugpbnded in
300-500 nL PBS and bound Streptavidi n-PE conjugate was

q%@tﬂegdlﬁqn‘m 21 foa-hdt QHE u(c%@at(lgﬂ-zvlﬁlhﬁﬁ}nﬁéd ar;t%&lc}ocrossover
B

e |S per acq |S|t|0n t he ex ri ne
SRR T o CIh G xchihes A HBP B St Shecsgeapigssion of a
aRYossH&P %ﬂtfbloﬂé bﬂdl@IFnQQEV@DKH-Il leRclaghde tdrdibodpurwith @d wildtype

z%ﬁ%c'f al ez%f}'%‘g 6%?%1@F0dlu$ﬁe<lr gszulsigglhacant shift in

Flﬂgore]séensh ovditatang thé prasemagtydtai funcmnahbppmlﬁq €4NGPT2-1GF-1R>

gﬁﬂyexgﬁﬁfﬁ%%éﬁ;: (?9 that WAL\I%:}))-EgI'e O%ll‘l(ﬁﬁ% IlR in 124 cells and

exc e ant 0- expressi
cito RF2 amulma‘yus(k |a@# -thye-bridgesyifs terxactmqg @ntaﬁw Mo the two

WighBogdWEdbdtegRms ant thadykt ¢ AN Ted P’e&t%)’ﬂﬁfaﬂ‘& kedydAng-2>

I
et anigogice Qb s arud R indhessCrEE b ey radeing assay
<ANGPT2- | GF- 1R> CL-CH exchange anti body that was
cdphél eogethebithele rigtat homGhat By icn-ekpresgrg e eespective wildtype and
Nfﬂ’l@ve? lpméﬁ&nﬁglgt?é\%ﬂ b?sggcifié1 WSt dideGH Uetg%nte?%edt. Fhe %elds of

I'gens " Wi i _ .
correct bispecific antibody can be increased by forcing the correct
heterodimerization of wildtypoe and modified crossover heavy chains e.g. using the

knobs-into-holes technology as well as disulfide stabilization See examples 4)
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opposed Fab regions. In contrast to this the
respective <l G- 1R> and <Ang-2> control antibodies did

wono/o8esslt in shift in fluorescence in the FRCHEEP2008/010704

bri dgi ng assay Taken together these data show t hat by
co-expressing the respective.yldtype and crossover

pl asm ds functional bispecific antibodies can be
generated. The yields of correct bispecific antibody
c&zameldscreased by forcing the correct

het erodi meri zation of wil dtypoe and nodified crossover

?Qe ' 'l' i "'. i¥ blg%li E:%Eg Cli,o;?ﬁ ex&ange antibody
e yavhonedifi 4if] i % infogholed) bi val ent )
bi specific <ANGPT2 | GF- 1R> CL- CH exchange anti body

WiTtoh fupetehir mpko%l&hgomunéf (thaqhg‘peuﬁcodm@sﬁz KOF-1R> CL-CH1

Lu&%g*?*éei‘ ovehé;Emﬁ%:ﬂ%lgg@ﬂ[gﬁ bl S eCI pklﬁcéto the co-expression
ko6 kSIGR1 R >hOL-€H1 e;aihaﬁgeagm wﬁd@pe I<|AetGRm>t fgtibodies to obtain a

\(,:\A?lf)ex &rergosus k(l@ﬁﬂgtl aﬁg 8&1§c a 1%tparle%ara i orrPIaS)é g}ﬁls pyrpose, the
afdi¥ aimnal thei begpoyi ¢hain*aktChodythpr el§ad-aR > oaL-Gldt exchange
t Qhﬁb&gzﬂ%RE}acédT%q% C‘i%bﬂlairp(ltllﬂ@oéy%@\ﬂ{e @EQ’ i) I\Hg‘ 8fwith a

exchange ant| y 1s replaced
t AE60Y3 exdiraEs aelr%n%fs d%ﬁ@usee ths Reavygchgin hofathe wildtype
Tf@@x/@mmgﬂmﬁ) &6l rd 2@5& t?@gmdsruarﬁalhhelldmagyh@smnD NO: 9
(0] e > antl1 bo 1S re ce

QuathieTibas YB6 VAT ER 8B o Bkt TR r 8 distllide can be
L&ﬁ&iﬂed\t@&ﬂkkeesectharsgibﬂny aud géeldseasswell dnadadidonal eesidwees forming
H)hﬁggs%ﬂﬁ iAce J]I%Hl%g‘%tetrgdl ¢H580F El*&?(?% i‘é)idzﬂs&)(l)

y|e as we t|on resi dues
|on|c bri dges and increasing the heterod|ner|zat|on
yiTBE grangipnt cpgexpaesoian) andrihe purifisetiesnef the resuling divalamt, bispecific

gmw@qmmpagﬁcég%o%gf iﬁéﬁﬁ ee§h‘ﬂlll§dd?}'gw|ithVﬁﬂoa(f%edbCI&IS domains
[ i C e anti body
wOEAPBTr hele ) perlRs s dﬂ&ﬁlsqflr}ﬁf Lﬂs?es) i s

performed as described in Exanple 3. It should be

ndt ddutchiad natied ofpdtiam gaimizatiaf ofiedterodiheniatizatcawbe adlneved e.g.

b ohs-.i n-. )
%Zhnﬂégl er&tgkrhcﬁ% 1H51Lon& ﬁe'tci;ljng{)g pl 5531 ?? the E%E?écéﬁ)gl of an

duaé@uutlpndeimﬂﬁ@kglerldgwotqmé Gid @Imm <ng é( %96\@@9@ ‘knabs chain”

;Qﬁ‘(/iomgéi ﬁ'll?@'tﬁ‘e" “H&@tcﬁgﬁﬁ'&ﬁ@&o cBﬁ?anuego%gggg%é Rise of residues
(RioBRy KRB URanth} fuioes e Bk P g ompyle residues

rdsxdlbecﬂsbszEBQBV(bBQAh)y EP 1870459A1. Anal ogously to
exanpl e 4 further bivalent, bispecific CH -CL exchange

a&\tniaf%%g{.lsq; to example 4 further bivalent, bispecific CH1-CL exchange antibodies
with modified CH3 domains (knobs-into-holes) directed against ANGPT2 and
another target antigen (using the above described ANGPT?2 heavy and light chain
and the CH1-CL exchange heavy and light chain** HC** and LC** of an antibody
directed against said other target, whereby both heavy chains are modified by

“knobs-in-holes”), or directed against IGF-1R and another target (using the heavy
and light chain of an antibody directed against said other target and the above
described IGF-1R CHI1-CL exchange heavy and light chain** HC** and LC**,
whereby both heavy chains are modified by “knobs-in-holes”) can be prepared.
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with nodified CH3 domai ns (knobs-into-holes) directed
agai nst ANGPT2 and anot her target antigen (using the

wozbevogozsescri bed ANGPT2 heavy and |ight chai nPEmEP2098/010704

CH - CL exchange heavy and |ight chain** HC** and LC**
of an antibody directed agai ngs.said other target,
wher eby both heavy chains are nodified by
"knobs-in-holes"), or directed against |IG-IR and
anot her target (using thePitean@lafng | i ght chain of an
anti body directed against said other target and the

b d h d ['igh
chai e g bpeatt ooty SRERME. Tl e e

nodi fi ed by "knobs i n-hol es") can be prepared. Pat ent
Cl ai ns 12) Mg Nghtehein apddsewi dhiain efraniansbody sresyhicelbi bigding to a
a) the Imgﬁgngggign@nd heavy chain of an antlbody

specific brnding tq.a first tige
i ght ch§b hedight g ﬁwngﬁlg?w Feing agr%l.tlgeéwspea Cally Ginding to

speci fi catdoyrdhinfigér)gvHedein te€esH3chna dbing &3, CWied €H1 drbeeplaced
constantbdonglqﬁ CL and CH are replaced by each

ot her. JAT: fﬁbody according to claim1,

characterized in that the CH3 domain of one heavy

chal n, angbRRls AORSfE Of il hliSkeNIEANK it n each

nmeet at an inter conpri ses an orlglna
i nterface between the _antibody CH3 domains;

sai d i nt dhg GH@ dognaip pbprgheayy sbw%ther@*% 69%11 %ﬁwthepther
t he bi valhesly, chbirﬁd&@l@ infde€ataimtinfkedye whide E@ﬂn ribd¥@n original

alteration i ract r|z e CH3 donain
o o holsy eIk pErady Tae Bomalhiy i 1 the
ori gi nal whetein ﬁaadmtbifece@b—ﬁtaﬂedmu proofotothe fhmaatiorcdfahabivalent,

that ”Ee‘b%ﬁwﬁc Qﬁtlﬁ]k%dﬁaivh%@fneﬂlfe ﬁﬁ&gﬁén 1?81&%&%5% P?ag:f

t he ot her heav I'val ent I spec

anti body, an anino acid residue is replaced with an

am no acidthedsllg dematy pirpedepyr guin isialderedhai n vol une,

t hereby generating a protuberance within the interface

of the Cii3tichoraihin tHe c?ipendl @n¥dfaceiRé CHB oA S one heavy chain

G donatmriaresye Sk ikl BrR TSRy A RepeFheay
domai n ofhaihevidtihére biedenyt, bispacifid atibbdgr ed,
an amino acid residue is replaced with an amino acid residue having a
larger side chain volume, thereby generating a protuberance within the
interface of the CH3 domain of one heavy chain which is positionable in

a cavity within the interface of the CH3 domain of the other heavy chain
and
b) the CH3 domain of the other heavy chain is altered,

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

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

the interface of the first CH3 domain is positionable;
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so that within the original interface of the second
CH3 domain that neets the original interface of the

WORDMHBOSH3 domain within the bival ent, bi specPCTAEP2008/010704

anti body an amno acid residue is replaced with an

am no acid residue having a sgpller side chain vol une,
thereby generating a cavity within the interface of

the second CH3 donmin within which a protuberance

W t hi3n t Mheiantibédyeeoling toecldin 5 tch{#Btefl pedhinnhats

posi tionable;3. The antibody according to claim 2,
character

larger s dé% g&l;‘ ﬁélgg%suﬁ?e' rgavﬁg alnlgr&%‘r:%g? Lesh géﬁlﬁnﬁa}é/ Sl
consi st i MpmthegrgumrensistiRg of pigamine ﬁ?\)aphﬁe'la(l@)me (F), tYrosme
tyrosine Qy}ng(g quﬁpn (W. 4. The anti body

according to‘any one of claims 2 or 3, characterized

in that |d o acid residue h n ler s
chai # vol H?E] Ace PrSARET B%sza ebggcrgrarﬁaz in that

al anine (A), serine (S), threonine (T), valine (V). 5.
The anti bailyaminoacid rRgiduehaviyg on@alidr stlezhail v3lume # selected

char act er, n [ ecf

ol ter od By RS Pabr Sy sFfertpA hafte ) Hirkihe o0
acid in whlenecOhr espondi ng positions of each CHB
domai n. 6. The anti body according to claiml,

char act erfingadtibédyt :2brdMEtonyldhe of eraﬁﬁ@mo HeRYMceA@ddin that
domai ns CH3 of both heavy chalns IS rep aced by a

constant . h in do he ot,he

const ant RO OR A heasered By bt Bu@duponof crsteine (C)
const ant ab agiro adidhinnthd eomkspotting positione bheadh IGH3 ddraain.
preparation of an a bival ent, bispecific antibody

accorgdi NeHeqnfh A Lo SRRPE] 31RO Ui SkAPR Rl )
transfornrng a host -Vectors conpri sing

nucl ei ¢ acid nol ecul es encodi ng the light chain and

heavy chai n98F chtheasnisyalpeayyedpim ¢undips bHuplipth deayy chains
fi IrSt Iant | g@r YRed (B S G&fkﬁfdt?dﬁﬁ‘@ &i&@%ﬂﬁﬁqaﬁﬁ(ﬂ{hl and the other
nmol ecul es encodi n chai n chai n

an anti body “Sp¥itf eé‘?ﬂ'l ‘g ﬁﬁﬂfpﬂﬁ &c—)@ds §%Ee,1?)"‘r% I%Ynf‘lcﬁgﬂa“t light
wher ei n t he chainslboantin @bmai ns CL and CH are repl aced

by each ot her;

7. A method for the preparation of an a bivalent, bispecific antibody

according to claim 1 comprising the steps of
a) transforming a host cell with

-vectors comprising nucleic acid molecules encoding the light chain and

heavy chain of an antibody specifically binding to a first antigen

-vectors comprising nucleic acid molecules encoding the light chain and
heavy chain of an antibody specifically binding to a second antigen,

wherein the constant domains CL and CH1 are replaced by each other;

b) culturing the host cell under conditions that allow synthesis of said

antibody molecule; and

¢) recovering said antibody molecule from said culture.
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b) culturing the host cell under conditions that allow
synthesis of said anti body nol ecule; and c) recovering

woge19dseassi body nol ecule fromsaid cul ture. 8. RCHEEP008/010704

cell comprising: -vectors conprising nucleic acid

nol ecul es encodi ng the |ight-gshain and heavy chai n of
an anti body specifically binding to a first antigen
-vectors conprising nucleic acid nol ecul es encodi ng

t he Bi ghtA lsdsacell entprise@yy chain of an anti body

e b SRR LB O

constant dorrai NS . . ac ,
ot her. 9heavyabawodianiantibogy seeifietllyybindiph e et antigen
or a diagnostic conposition of the bivalent,

bi speci f igecaltt tORPHsiAE pREIdIcNYid Pokbd@ed®ncbding he lidht chuin and
phar maceut i cal, ¢conpositign onprJS|§g a bival ent, )

bi speci f Peanehaip @ anc aphkadygsresfically hnding &0 @ serand antigen,
| east onevhehdas MRCRUbtafeddniaias CEphdlliel excabplacdtby each other.

9. A composition, preferably a pharmaceutical or a diagnostic composition

of the bivalent, bispecific antibody according to claims 1 to 6.

10. A pharmaceutical composition comprising a bivalent, bispecific antibody
according to claims 1 to 6 and at least one pharmaceutically acceptable

excipient.



