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

WORR080%¥Anuf act ure and use. . Background of tﬁgT/EP2008/010703

I nventi on Engi neered proteins, such as bi- or

mul ti specific anti bodi es capabl e of binding two or

nore antigens are known in the art. Such nmultispecific

bi ndi ng proteins can be generated using cell fusion,

chem cal conjugation, or reconbi nant DNA techni ques. A

wi de variety of re&)Yﬂtha‘WﬁPQﬂ@;?@éﬁbpﬁ@s anti body

formats have been devel oped in the recent past, e.qg.

ek BMALARNInRhESE Ciddtes apt hHRYi 16albit, fBISHeeicOhntiBodes, their

an I%G anti Qody format and single chai n donai ns (see

EPUIAGEHERBBNSE-S L., et al, Nature Biotech 15 (1997)

159- 163; V\02001077342 and Col ona, MJ., Nature Biotech

Backg?00nd oflthd3Indetdidh. Al so several ot her new formats

wherein the anti body core structure (IgA, IgD | gE,
g{n%%rehg)w)te I, ﬂ%hlnag %g— d(Er &lﬁﬁggver X ﬁb%rc]i %‘le o{tlglhémg two

foomtegn(lg@wre Rnewn drfhe ari§ush ravlésmﬁ%mle digg PéPWH}Sn?@n be

g@ﬁ’erered m?l@i% antil 98R%on, a&nise Qoﬂﬁgﬁﬂl&p eqdt FlomtdfintP.DNA

Natu e Biotech 23 (2005) 1126 - 1136 2005;

tsdaKlEesS-N. | Leger O, Pathobiol ogy 74 (2007) 3-14;

Shen J, et al , Journal of I munol ogi cal Met hods 318

QAZQQik)vaGﬁty?dlf redimbin@nt leispeaificNaitibpdy BirataechaveHee2 devdloped in

ggeécl}?zg E)a ny &%ﬂaﬁe s rq%g%cfﬁ]%eaéldb%h%g S'Dlye rlf [%%r of Ce. & UZE G
fautlbhdy fdshmatliang s glpznn (d@ngamss(;,sg@/}e g0 Mqrgsqsru sﬁeL € e al Nature

B%E@E’s f@gﬁﬁ 9!65”W§ﬁ6ﬁ107(7§425 Qhﬁerija LageN4bure Biotech 25
Pat Ob|0|02¥4) ; (2007) 3-14). While it is obvious that
advan

(29K 334 tages for the engineering of

bi specific antibodies, they may al so cause problens in
tAI8y aperdl bihes BEW if(ﬁk@ﬁats Wwheeadihetdneibedf coreisgncpep(ligdekD, IgE,
:ng E%rf I%M)Cishboaro&gg{ryqunri St\?\(glgg]segﬁg atll‘igls tor tt&?aﬂo&hn{éh minibodies,
|sevekarsingi chdie rfomnuﬁte(SCFheBlﬂseBM),bWEICEam eapable effdnding two or

QF 'Hﬁ‘%eﬁgaiﬁg% b évg[ ge@( AORigeP PPEPEle‘NaYﬁﬂeCBlotech 23 (2005)

eava otentl a to poor _anti
sltla@rll §§/2 éksé]gf‘atlﬂ@ﬁe%@i hebielogy i7 f’rﬁ%‘?ﬂ? e’?ml‘blsth)‘?n J, et al,
lju @bt inPRufbIR gIFRYMedUs 808 (2B07) 65-ghf Wit Q. ef WA iued Biotech
2230(90@735 139(9 lzgﬂnpl 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

Fcpart, by maintaining a high degree of similarity to naturally occurring antibodies.
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anti body dependent cellular cytotoxicity (ADCC), which
re nedi ated through the Fcpart, by maintainin [

a_hi gh
WO&%‘{:?foé‘ézséf simlarity to naturally occurring bC Bt Alhros

anti bodi es. Thus ideally, one should aimat devel opi ng
bi specific antibodies that .gre very simlar in general
structure to naturally occurring antibodies (like IgA,
gD, IgE, 1gGor IgM with mniml deviation from

Tluﬁaialeslla,q ugRCsuld alrﬂnﬂ @@Bropa@wbhpécﬁt&c hﬁﬂllﬁocﬁﬁt t}bodnreSrery
t are very. siml ur al ant| es
e e e 3 acPenl Pedmr soPLUEsoNR B ol 1ok
IgI} adgMAwith Girgnlabdevidatonrfeom Bmanlse@encs&37- 40) based
on the somatic fusion of two different hybridoma cell

x}j; Bs&ﬁﬁifsp&m‘wammm QE}averf‘@ﬁhlpﬂ%%tM‘fai Antib&dies
eS|r

speC| cities of |spec I c ant y
Ipae hger pPspduasd uystngathe gradromy teghnolggydises Milstpin, C. and A.C.

@EHtl)llob ﬁur@ e@o(?/( 1388} bsvghb)dsmd oh tMetsBifatit [Tasio @ M ltvb lifferent
rl rl.aoma uaar.oma

Ry PP el DBt upe dn gine Morpglaneh b R R degired
spaeficisied lo€ tﬁeéjlypedﬁcfamrbbdpnﬁkcahss p€ahé irandohi podyg of two

JHE ren? ah {3 cﬁrﬁé‘s&%gdgfgg g? % Wﬁl P ¥19:]I dé%HﬁltIn!E ]T}?%I;]% -hybridoma

St gni fcant
®0 ghacbtométcéuhm mipftoden differgnt @n@bl@#yess)eap&earp gquirated of which

((rﬁ %n% 19 thWeEﬁe?prfunélolnal b kY€ aﬁh@&?f ngeS té gggﬁ}esence of

géneral, t, fl ‘g m spaired
IBVB?‘@%C‘?@W@FF&% nand f SIg@@eﬁﬁ iU prPé% ycgiqn yields, means
JopBRALALE éuﬁﬁ&tiéﬁﬁﬁocé&'ﬂlr@ﬂﬁé Qaqlirddq(s€d ¢.gUMseiont BE.., Nature

rob e ypr.oduct

QW&E 93 realo e T4y Ho® geSieat 4 55 Bl of Gpispaired
liypoodlicts rerraints ifrekdtnbthanhexgpryssonaiedsidpyes arg wseduci ng

mut ati ons into the CH3 donmai ns to nmodi fy the contact

Aﬂgpgrfggg«?%o G dRnf 0;5}09}.5 ﬁqglpgf?eclflﬁ dHaL, ewhlch is known

am no acl cna n
gmbé -igto- %@ﬁeé aimp Ay fqreiag the pairing OzféWSsd‘ffﬁrlﬁhts w&r@éy heavy
é’daﬂﬁ E}hﬂitﬂﬁidbgfgeniuﬂtfcﬁﬂ uaes theCP13 B@matda &bt ﬁHalhfgal QH&IicBntact
no coexpressin se two he
nfeafae rae £hn PHBK ATIES SHTGRE R He RPN 2o ¥ thshort
sbdae el soor dradte af ‘holeb @lomvhselyyarainai a’c&;c)s with ddrge bidk dbaio§ were
grrorgrg e%l fﬁ? xl'heo{;m{]t?& &oxlﬁafl)lk ng]ogleg gu%yhcg)@eglj Eggﬂg these
Ry l@ﬁ}myh?ﬂ$ (amdewoaddegicallaghtechaims, \ahld MQ%b)ngyrlate for
YR RELvF QHB@IQF }ﬁéh hedsy of 'h@ﬁt?ocﬁﬁiél‘ GoRRatidf t("llﬁf)b hole) versus

s it 8 e oS Lo S ST
PragaiDd, Uaetuﬁpj zﬁﬂi WiO139d02700 1 ). d@e lpelrcd@@gé of Isdté@odirhéeould be
b DS Sy P P 5 o
Gang erphage dlspmm appwiacl? 2@ d( heoinfrod@ctd®) of Mevisulfide bridge to
stabilize the heterodimers (Merchant A.M, et al, Nature Biotech 16 (1998) 677-681;
Atwell S, Ridgway JB, Wells JA, Carter P., ] Mol Biol 270 (1997) 26-35). New
approaches for the knobs-into-holes technology are described in eg. 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
to prevent mispairing and formation of inactive molecules. Thus this technique is

not appropriate for easily developing recombinant, bivalent, bispecific antibodies
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approaches for the knobs-into-hol es technology are
described in e.g. in EP 1870459A1. Al though t

WORBPE2Appear s very attractive, no data descPFEmﬁamwam"B

progression towards the clinic are currently

avai l able. One inportant constraint of this strategy

is that the [ight chains of the two parent anti bodies
have to be identical to prevent mspairing and

dgimRtwvo antfenssattihy €romd hes dhebodidshag@irish E}Se fisc hid Guesecond

s iRe AT SRR Ch i S Bt b€ oy Rl A S R v

gtagnsthawg td booptimzedint i bodi es against the first and the
second antigen, as either the heavy chains of these

R 'ZbOQ'a@SI fhRinol 'R@ethg&n%& @200!5 Qﬁtlo‘{g@fe&std@‘fﬁﬁ RrRBt of

opt i ed. Xie, Z., al | J i nmunol
pisprsEic gslbpéx qsmge%CEV% & eombinaten wath krobsiiafsheles gechnology
ﬂﬁ&h@p©¥3ﬂ5|ng scFvs in conbination with
knobs-i nto-hol es technology for the FC part . Summary
f the Ipyention The invention relates to a bivalent,
§¥§B¥%¥?£¥Lgﬂﬁﬁgggy, conprising: a) the light chain
and heavy chain of an anti body specifically binding to
Eh¢ inventiemielagesrto admchldny, hispecificghtibedyacomarisingeavy
chain of an antibody specifically binding to a second
ant i gafe hgﬁmemddhea | AP b EarfoR ifRafy M rst
replgéed ach otheyﬁak fhrther g g%%nengyoﬁdﬁ@qoaﬁs
i nvetitigsH 4 a nethod for the preparation of an a
bi vab ethe hgbﬂ &nacadd h‘ea thdie 6§/axﬁmﬂfodly@gediﬁraﬂh binding to a
inventio orm
host 6814 g ’Wﬁeere?'otﬁ‘g VS faPhig® Y i RgPe by
mol eeashesheencodi ng the |ight chain and heavy chai n of
an antibody specifically binding to a first antigen
-vectors conpr|S|ng nucl ei ¢ aci d nol ecul es encodi ng
Arfarthegpmbediment sl dhedaxeptiends A rosthed fantheppigparation of an a
SiPsleAt, bpédific Mibddpdcdording $€ BRNAvaRionden, wherein the
varlable domai ns VL and Vﬁ are replaced by each ot her;
cul.tu host cell under conditions that allow
% Pﬂ%@gﬁwggmggfd anti body nol ecul e; and c¢) recovering

said anti body nolecule fromsaid culture.
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 variable domains VL and VH are replaced by each other;

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

molecule; and
c) recovering said antibody molecule from said culture.
A further embodiment of the invention is a host cell comprising

- vectors comprising nucleic acid molecules encoding the light chain and heavy

chain of an antibody specifically binding to a first antigen
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A further enbodi ment of the invention is a host cell
conprising - vectors conprising nucleic acid nolecu

WOZNYAIIRY the 1ight chain and heavy chain of SﬁT/EP2003/010703

anti body specifically binding to a first antigen-

vectors conprising nucleic agi.d nol ecul es encodi ng the

i ght chain and heavy chain of an anti body

specifically binding to a second antigen, wherein the
vari edetars dOmprisiag \dhcl&h:dacid‘h@leeull'eEBrhc@dﬁQ thy lighcdthair med heavy

A o oS sl Bl 8Tk amen. whereim he
d| a‘gmabtadonmmm\éls and ¥t afe rt}ﬁ@cedrlm ebddgthaccording to
the invention. A further enbodi ment of the invention

IAS ﬁrt@x@?r&ﬁE&!{Heﬁ?' oFOHEQO%JehQBnC%”W 'c% sﬂfbnanlaféPé?QMy a

according to the invention and at | east

Pharmaceulel ?)ﬁ‘%&%’éﬁb‘t gBmpogikien phfette. arﬂlfquﬂr/t #rgprding to the
emadbhent of the invention is a nmethod for the

treatnment of a patient in need of therapy,

Pharaet REar FHth d e oiv HCaRe Bbigy composition

acmprigingg ano anlmbodylvemommg Pet alnd enhvmmnrl mid oat oleast one
%ﬁ?rn'&‘é Péa'll Qccﬁg{%glerk‘k‘é‘ dnpn relates to a bivalent,
|speC| npr|S|ng a) the |ight chaln
and heavy chain of an ant.i body Fe0|f|cally bi ndi ng to
& furthex eahedigient obthg imyenting 1 7 gsthodier thedrfgtentiaf a patient in

Gled Bf @herdpy, hhtRedied Fb?Cdcfm@l@hkéergbthﬂienﬂatte‘ﬁt A GReapedtically
mai ns VL and VH are

in the  variab.

B Aol CarpribRgy SeerRSng oM LiRIoR: val ent.
blspeC|f|c antlbody, conprlses a) a first Iight chain
Petaitedflde pnefithe havemtioh an anti body specifically
blndlng to a flrst antlgen and b) a second |ight

aif@iifveRRbn 21 QN biARY? YbBE@dxﬁk Q‘ftlb@ﬁ?’ %Hﬂ?g _
specifically blndlng to a second antigen, reln t he

ri e donai H of t seQ t chajn
2 eﬁ’rﬁé h‘&‘r ﬁ %‘Héﬁ An aptbe rfpﬁ%g%i‘?l%ib 'lég'é&t‘b% h@F
Thus ah@igens andl antlbody specifically binding to a

i)ﬁg}? Eﬁjgh? nltla{uq Ghd hgaevyfc lnlnovpan Infl B&iy speaﬁcallty blndmg? fo all Le%ond

antigen, wherein the variable domains VL and VH 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 variable domains VL and VH of
the second light chain and the second heavy chain are replaced by each

other.

Thus for said antibody specifically binding to a second antigen the following
applies:

within the light chain
the variable light chain domain VL is replaced by the variable heavy chain
domain VH of said antibody;
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the variable |light chain domain VL is replaced by the
vari abl e heavy chain domain VH of said antibod

WOOHBI2SE he heavy chain the variabl e heavy chgf:ﬁ/]za@)‘}?ﬁmw703

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

@h@)w@mtt&hebe,a&wuchai n" (HC) (such light chain (LO

/he alrs re a evi at ed, here

Thaht YasrpreotraPe e Ao maB gt hisPHELRY Lischrde et
ar elopmhxyﬁémifsaidannbmrbﬂ sting of several domains. In a
whol e anti body, each heavy chain conprises a heavy

%@lt@mg aEﬂtﬁ&Jd\?;/ hed geqnh&aweﬁeyg #f @Ho@e&%hedaﬁaﬂw@og{es Such

al n const ant eavy_ chaln

adhele artibadigsi consistopfpivosieairst ¢fen H@bwh%h alHCL#rs e aheavy chain”
R‘Pl@' (@&h%ht i @y /Eézl%z, Qaﬁhlﬂmnr@ﬁtﬂﬁsﬁ&ea %enl aPLC/HC).

and option hal n c nst
%ﬁgﬁt ghaany lalq&&aghaeﬁ%\%fg%gﬁ ofigp 3rg W S|Cpaﬂitmg of
Geadral dlﬁﬂiﬁiﬁs dAS thllegghhbﬁhﬁldaclv&éav@kﬂ}ﬁuﬁ&ﬁmpﬂse‘s/la legacly @hain
ai n nst omRi n r on
ﬁ/gﬂ%hlslrf%/o% é% guid 6& \Bﬁrqnn as b 8y, ]_?):1 x%lcf éea\m clgu D €onstant
iregisimoiihe chegyy |chalﬁ| gorlstanThtegnwar fermprsed otlhal lmvwmhamd cfistant
%Pnak?ﬁs éHrlt &Flr ;ﬁllélb@H\f)'(g%d c@asge@)qgﬂ n@]f)fand I G) and optionally

pervari abi ter med I epentari ty rm ni ng
rt Qheay c(nem)ons apt dPEREY §H& tihodyegaserst gﬁr?and IgMh. faghelight
Qﬁmewﬁgmsewr Iﬁgﬂlt Ehﬂﬁ%ﬁkler@@h@nﬂSVLFﬂd a Hagp é}ﬂalmaaﬂnstant

logiin o e siEe b oas ARGLAN eFHTHOE TiPlE REPOS the Iga
faatibody, ngstawdee.g. inRFig. 1ICDRE varfiile dGhRhs AR3INdCORSan B&further

(sgt}& O%@Xnt%’%eg]ogﬁ #?lher(/gl%%l)l% {e?mgﬂ %@hﬁ;tleg%y%ar,\&t cﬂl&ermmmg
|rngmnso|(C@I{)zooﬂe)rsmgseég)wthmem thydi are oforReernpervRhi fermed

Effh‘#né%cgﬁtre Bad rROHELLOV TR R AP A oenRse S BECh el €BDRYand four
antigen, Thus said whale antib

hi ndi ng t
|R§&Pré%'i‘%egn%‘?fﬂsaﬁ%‘é‘PftFH“‘é‘h‘f it® GATPOXG eI IaU {1 H&?d?oggwmg order:
lHrllqu UTBRE, ngnt%[_sm arﬁﬁsbc@)m FRtlln(E(IhnaWhy bodj g6,et al (2001).
| mer | ant i | es, ant |
Birer e PR A sEo el hBESRE bR, f o B Nat Rev
dmmtood i4e@P04)s82-69)y Ths tivhgiairs ofi heayt dirinsandlightogheint (F6/LC)
€4 ‘)I%' %eaEg ?“Ul%lln t@rs%FraBﬁ aFI?lu@ itle ﬁntlbody is a

humarti zed a |es ecl a s reconbl nant human

qlﬁﬂfamozeﬁ)eaxrﬁﬁaﬁaépég aletﬂ%ﬂdees incudey g gmgpse antibodies,
rmlm laafib&dks, k&ﬁmeh@aawlbsa@s,nﬁuﬂm@&@dmmsoaihﬁ afd egdnietically

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, 6, €, v, and g (Janeway CA, Jr et al (2001). Immunobiology., 5th ed,,
Garland Publishing). The type of heavy chain present defines the class of antibody;
these chains are found in IgA, IgD, IgE, IgG, and IgM antibodies, respectively
(Rhoades RA, Pflanzer RG (2002). Human Physiology, 4th ed., Thomson
Learning). Distinct heavy chains differ in size and composition; a and y contain

approximately 450 amino acids, while p and € have approximately 550 amino acids.



10

15

20

25

30

letters: a, d, , g, and m(Janevvay CA, Jr et al
2001 I rmunobl ol ogy., 5th ed., Garland Publi shi
@5/010703

WORNW/O80252 of heavy chain present defines the RFA&EE2

anti body; these chains are found in IgA 1gD, IgE,

IgG and | gM anti bodi es, respectively (Rhoades RA,

Pfl anzer RG (2002). Human Physi ol ogy, 4th ed., Thonson
Learning). Distinct heavy chains differ in size and

%@&gﬁ&d%ﬁ’iﬂn Has wg rQl@ﬁHﬂ thd dbn@tﬁﬂf Qgidﬁadrﬂlstys%%@alﬂmegom The
acl as Ile an pr,OXi a

ST A0E ML 3 RS B AP et B g ffers in
raﬁgb@rheﬁﬁﬂ diffeeenit dsotsygr. Heaygi ahains Thex sohétlanve a egristmtirsgion
POk EAYe thikeRbhe it ARSI el 1P 2RETH BRGMRS) PR a hinge

I'n ant

ckgwméorgaddad ntibiitn Q0ieok ) dbrermBN At BB &y@oa} 89-99);
tgg%\%’edﬁ ﬁ']% elq%g@?gb?mgg%te ae%d%excﬁ'ﬂ%s%f Gt c%nkﬂaﬁ?)iomams
Sk b &7 Gte, T Mo (oo dosbp DS bR o 588

rGa@lﬁﬂd@JbﬁMﬁnQ) ms\fa@ﬁbler@gbﬁl’bﬂtﬁﬁh@ﬁ@%lﬁfn fidteks in antlbodles

3}?8 g%y %Eg%ir)r}% w lglle awe forﬁﬁgggoc(he& ié%chAy a single

BuddlisH od) clodh&he aniiailé eegi@yoOrachheavyechhma ppptoximately 110

dif-fers;i 0 : f B cells,

ihS a5 Bnd Tha ROA3epd 8E YRR Sty ERERY 1, %3
S|ngle B cell or B cell clone, The varlable re of
dacnamenlsythereaara ondy Bp e ehtishtycheig wfharead s@ larghdp (M)
%ﬂﬂ ldané? QOPRIRML Baid hal REd SuRBksive AdihaliRMBhdlcorstunt domam CL

IR G 1 P LB Bl Sl 4D 2

ta‘MinS ucide Prefeeabliothrilight cbaie icakspmnic) dighachaiGlandritie comstant

i ab Qnai , g ' .
SRR SRRy o R OB Qi T OBEN Bl B Homain
dfin is a kappa (K) light chain, and the constant
domain CL is preferably derived froma kappa (K) light

ol t@m(\; R0k SR RABGRI d} "EOnolidfal eﬁftib%dir wBRpekiaBAt as used

anti body" or "nonocl onal .ant.j body osifion” as used
et rreter & o BreRorgpapLenbhos MR Isa fobaels] woingy acid

a&osipdgitienam no aci d conposition. The "anti bodi es”
accordi ng to the invention can be of any class (e

qulA"' l %dsl’%s CC.OI‘QI% tggq llﬁ%@l{ ?Jn%eagtll %&c@a@fg Igf() gD, IgE,

|I|@2ancbﬂgMepmf¢ryblVg{ ,relbyullsbitsm%ng}t I85odiles?, 1aEenlsGe,
VYEA? Bnd f%\lb g}’@&%ﬁl‘y IEG?P %ef‘éb‘} RN AR BCESAIKIh tR bivalent
nis defived, have .an.F art of th

JUEFifE SpUibog argefing g &he ARVENFIAR it AREYedp PTG AR part of the
|s@ifde bubddisef €. GIQGY, I@G4tahﬁ tB@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
invention contain as Fc part, preferably a Fc part derived from human origin and
preferably all other parts of the human constant regions. The Fc part of an antibody
is directly involved in complement activation, C1q binding, C3 activation and Fc
receptor binding. While the influence of an antibody on the complement system is
dependent on certain conditions, binding to Clq is caused by defined binding sites

in the Fc part. Such binding sites are known in the state of the art and described e.g.
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aIIotype (e.g. Caucasian) A "Fc part of an antibody
is atermwell known to the skilled artisan an

WO4e1%§%320n the basis of papain cl eavage of aﬁ??@ga‘?oé@lmm

The anti bodi es according to the invention contain as
Fc part, preferably a Fc part _derived from human
origin and preferably all other parts of the human
constant regions. The Fc part of an antibody is

Oy Lakhd, Y.Ji, oV @il Y EEnmdn60 127 €198} 2535t256@t BAmhoGEg R., and Cebra,

§oo8 el (R B s B iy Sy 200

3¢4;detpemdesth, DB, eealt, dol. bomainbl. 3742006) 985+104;dd@ogie E.E., et
Cf"“geﬂnBXn?leflslfe(%@R”ﬂﬁ%l%ht ?féz%rglixt i@f‘ K Calla ty tVn&“%‘ (2001)

es are
déelr- iiblé@ Moggany AL gkals Inngunolegy & (19953) 319rﬁi‘éh%1d EHQ?W 434.

@&%%)nd%%ﬁte%%@@e Br p1quse, DB}O Nt @?ﬁa’ EKzszd 11322 M3B1 and

Iﬁémé%lﬂgumn{la%mr ngto 917 hﬁé{.ﬁléﬁt sge pe Owgt Aé]tlbodles of
Mﬂbclask Hﬁ@ﬂoﬂgGZ&Bd( OISUQ sﬂ&@‘korﬂpﬁhﬂﬁ@ﬁlaﬁztw&loﬁ ,Clqtbmdmg

4
pd Cyaciying. Whertagbh o D951 teRe pEEAaRT o i B not
iblmd Clagranthdd agtyacBfate 139 Byef@ably 3eikc pmths EfuBnB0Hc ph3Y .
Such binding sites are e.g. L234, L235, D270, N297,

ﬁ:fl% éernlﬁ’égg?eo? %%tlBg&}y?’ TreftRd cP ;’@ gn&ﬁ%f&frﬁﬁ%u&’gcg QhHAB1 region,

, see di es’ of
s8bbiniias fegign, ﬁpgmn%mr%%sm@m atglaih A ORI REM constant

agglbxv g&ﬂlmtﬁ&hq; @Hfh@h?&)tﬁwo&’pe&@i ltu\éaatumepamé&bﬁaécombmam
not actlvate e,Cco enent s
VA tihaiee GUTHOE asPPYGE EEBREE & BHHGF Yo T Le Figion and s
ﬂhahiani &oﬂsthmn’raégldi@ par prefded.t Sther" phéfarzed Cfoamtl bibdyHtimeric
Lg Fied'Q %]msystsécp RP¥he I@)Jnt ?ﬁ%tl@n \Q?J {3k f {vﬁ&h(%ﬁe onstant
B ndir T¥6 hd

sourc or S?eCIe
aeglbxe hag bcarnpwdlﬁ@h oochaalgecb frgnamat @%@ﬁ onigHe Wéu)dfyrt@ gemerate

thd g)%]?e@ﬁe§ Q&BFcﬁnQ rto StRE GhPéhtionS CapdlpPriRPREAA RY Clq binding

reconmi nant gues i meri i bodi
@BAsK i ESi reeppsor hg “&é‘?g éBF}éC&‘é‘bqr’Gr?“é‘gB&‘és Rt Alsp referred to as
celagtsantchéd® giinﬁBoéhéﬁ" p@Bﬂ‘n@drfcedntllﬁdi’@r alﬁr ﬂfeepfﬁdctf of rﬁﬁpressed

f " Ll di nt
T A R T NN
vesublemelidnsethd DN acgpecht enemdidgimoiunpglebuelin gomsdnt regions.
MehBad ¥ort 8r&ﬁ1‘2§{gaf nfel® PG 1?1%(&%?9 Bh %‘ng)ntap r%!?)?nbmant

I nventi on, “especrally 1n regar

EAN A eench e (tmllséecmrhdﬁﬂgnq@acﬁecw héﬁnpwnam itho diresSee, e.g.,
MErrRb 0S.LELEEY, Skol ONAS. A&ldass: BiAl @Lh?@sqmmehogbsssus Patent
Wer | c_ant |(fl5 g@%;{gar e the product of expressed

i oY 1%y> conpri sing DNA segnents encodi ng

i mmunogl obul i n vari abl e regi ons and DNA segnents

dihe adimd’humanized laabihbdyl efms t@nntib@iiésomswhich the framework or
"complementarity determining regions" (CDR) have been modified to comprise the
CDR of an immunoglobulin of different specificity as compared to that of the
parent immunoglobulin. In a preferred embodiment, a murine CDR is grafted into
the framework region of a human antibody to prepare the "humanized antibody."
See, e.g., Riechmann, L., et al., Nature 332 (1988) 323-327; and Neuberger, M.S,, et
al., Nature 314 (1985) 268-270. Particularly preferred CDRs correspond to those
representing sequences recognizing the antigens noted above for chimeric

antibodies. Other forms of "humanized antibodies” encompassed by the present
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Met hods for producing chinmeric antibodies involve

conventional reconbi nant DNA and gene transfecti
WORRPHEIGdes are wel | known in the art. See, PST/EP2008/010703

Morrison, S.L., et al., Proc. Natl. Acad. Sci. USA 8 1

(1984) 6851- 6855; us Patent -Rles. 5,202,238 and

5,204, 244. The term "humani zed anti body" refers to

anti bodies in which the franework or "conplenentarity

(iiﬁfeﬁflﬂh ﬁfen@loﬁeeﬁll wiiigh tHeCEInktanavei ek UEEﬁilaﬁdhﬁdnﬁlD/ modlﬁed or

obulin of diff
Heorh s ST e {f”@iépﬁgfo ginerifg Tie prapeftie decording to
itlm*ninnwgtiobuleépreciallyl ia pgafdets €2l gebbakihgrant/oraFanuredepeor (FcR)
ngq%i‘iB% grafted into the framework region of a human
dy to prepare the "humani zed anti body." See,
., Riechmann, L., et al., Nature 332 (1988)
@“@g tgyy: "hgmn[\[yuﬂmdgeras wied h rergip, 3 intengedyfoeinziwde antibodies

gxmtﬁ ) véfi&b1e78@nd Pt%bhét%‘ﬂ afegabnpr a%ﬁverdederBRShmaﬁ egp@and line
0] presentin equen reco

A OROOHER SEHUERE e PRGN ARSI SRl GapRe N gate of the
faer(wen Dijk; MUAR AN eth Mwlblmﬂ,lle& CencOppﬂﬁedm Byolt $1€2001) 368-
Bl}g) lglhgr\ll %géfé(%ﬂ%sgéa?} als ?lpro d An téan%gen?ngh%gats ]( %mmice)
thedtarexapable, mqngmtaumamorb oﬂyrqd@agg néulétezpetthere or a selection of

Wﬁﬁﬁ%r 51'1 8?&%&{ q{cj:ngbsteﬁcet e ehBYERbLE rﬂmnﬁﬁﬁ%ﬁb@hhypx‘oﬂuctlon

regar ng and/ or Fc recept
?féﬁf‘ﬁgo ﬂiﬁélqr@wgernu A iEmynsglppul lna‘?é:nﬁééf&YHErséFlh geyrg-line

|nmt81?td atlcd il G@itﬂkgﬁl and gbéfwlﬂicﬁﬁn hefVhingay a{nlt@bﬁﬁs aipdn antigen
e Bt C TR oo e QAL Toth B Ua90 (1993) 2551

\BEBS I:klmbamts,m jteel. Natiee 360 (1983) 265-268:dBrupggriannyVA, et al., Year

ge(l% 4% 4%]] Igﬁlma%n{t)lbagék an q]s%n})e %bmiuceﬁ in phage

man anti I €S can

;dﬂ&pbhyd@darm (Hogaerdooin R rad WinergG,, I{ﬁ"l@éa)Bltﬂh@@7 6982) 381-
a8tk ks, MDOBt élmmblz @tlélof‘ZZ @99 PraqdLei7NorRe tfeéﬂxhques of Cole et
repertoire or selectia man antibodies in the
absedBoegnersh a@@é‘h Bl§e ai"ﬁﬁ‘ﬁ}%of@F glafumeﬁarapea (W hugapn monoclonal
Thabsdies (Qle éthe, hwﬂiaﬁlog@lrfmtiboﬂ&s Iaﬁﬂﬂ]ﬁﬁg&rdﬂiﬁdpﬁ}' g&lﬁER LlSS, p.
y

37 obaeR aRACPoRBRar ut b Bminn 4hi(138H o] anddead

(nscemoned dor, chimkedbeud themahized eantibpdies Rcondingse the lAaamon the

héjrqu t{lﬁ?%xg q? %‘g@? afé'%g% gl§‘2é’gr§}j§ ‘SCSE%EQ& §u%’h ﬁl’ubo?fes ¥hich are

. consfanggsgionstay@ynerpanths BFAPCHd| agording to the
%\S&ubﬁ %@@1@1&6& fe@aﬁhag@qlb&m%g ahd ok EchRQﬁndmg, e.g. by “class

enpoom d %
%Yggl%rgssi d?s’ge Orvef?lﬂgatw& %e e Bf‘rtm(eg gb “‘I\/Eﬂ%l & éséz and/or
2221 /(gO8ut&idh597) . The t echni ques of Col e et

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

invention have been subjected to in vivo somatic hypermutation. Thus, the amino
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al . and Boerner et al. are also available for the
prepar ati on of human nonocl onal anti bodies (Col e

et
WOZP090803520cl onal Anti bodi es and Cancer Ther apyCT/APZH81&10703

Liss, p. 77 (1985); and Boerner, P., et al., J.

| munol . 147 (1991) 86-95). _As already ment i oned for
chinmeri c and humani zed anti bodi es according to the

i nvention the term "human anti body" as used herein

atidOseqQeies VESthe WCH  amd IMI0dlé@6nsbf elte 2éc@niBidariti &ttibodies are

t he constant .reg ener,at e, t,he ertie
S Ra o i dePed frie ¥ dnd delated; tgﬂ? Ffé@iﬂna Y1j and VL
G‘écglehte@dmﬂg nangitarallyeRisbivithimie heingan atmylbbd}' gesn line repertoire

sx%gghlng i.e. change or mutation of Fc parts (e.g.
from]gGI to 1g4 and/or 1gd@/1gA mutation.) The term

"reconbi nant human anti body", as used herein, is
intended to include all human anti bodi es that are
prepared, expressed, created or isolated by

e 0P bR doERN %varﬁﬁ&mcﬁﬁalﬁﬁiflah%ﬂt eaih SVLRdable Qﬁglan of a

hOSt %a fh&}ﬁ‘iﬁ;]as Ea]s qrglnt 33?@ g?ﬁ%(e:olflft]&els.) {)'ﬂghglﬁngh%r%g heavy chains
Iwhinmmghﬂﬂvdd dirgelpan bamdiag thoadibesy ex phessepnuThadomains of

a/e 111 Eﬂgﬁ% 1 e%)‘?nglaﬁqeg?y l'?a(f;lsoﬁa\}ertﬂE%%xgg ﬁerapgtpu&ugo d each

Rian ave varl ab
dothapo reomprises dopiro franiewozk r(ER) riggigas Wrsm senences are WIdely

[ 6RQIRIAN %n@é{g@nb ntthk&o dhﬁ%r@a‘fﬁgfed 8ok tdie complementarlty

i nventi on have een ] ecte OIlLLnh VIVO S
Kgtseminipafeginns, FRRs) ﬁﬁéraa?ﬁw é?&yowdﬁahegg*%s?t qopforipgtion

and tié-CDRE inddysfobrh lbdi}ﬁi don@edtignhe B-sheéti sbadiues. THeeCDRs in each

d d ted 10 .
et en s Mo el o 0 R, By o
dotins ttogeihieni with biee 6DRarfrantthbother gbnim the natigepbinding ete. The

aﬂtl {)c\/)p%eayﬂ% Q/Ylgflf @galgll? g%fliigallr g;lifpﬁgf a@ E(élg%/ﬂagﬂg&ftarﬁ role in

GW)HCb@g ag@“eﬁcmfaéﬁmt)d ehtheean sofccpifing i thofnventjpp and

NG efde@Mbvideal AShWbIBctiof tHeM@dned, di rectly in binding
the antibody to the antigen. The domai ns of variabl e

human |ight and heavy chains have the sane genera
structure and each domai n conprises four framework
(FR) regi ons whose sequences are w dely conserved,
dhenect S thypsrvidabdereglony er Vantigalbéndiegpanioh ofen antibody" when

, The
L
doRentiggy- l:rl@dlngmlmplsm@aM@Ekeurﬁgjon ﬁ@m@rléwmmgtaﬁ@clteadﬁes om

The "ChRplehitneRf &Jﬂe}hﬁnﬁ‘{ cerpdld" idt tEBRE'. "Framework' or "FR"
t hr ee- di S|onal ucture by the frane

rk re :
SREORD A TS5 RBFOIB AR egahs Fhaniene ot Ner GrabE resion
tried@dtds depeilli defined) Fhdreforel ke 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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anti body heavy and light chain CDR3 regions play a
particularly inportant role in the binding

WORMBYI2i ty/affinity of the antibodi es accor SFHEPEYs/010703

the invention and therefore provide a further object
of the invention. The termns_{gypervariable region" or
"anti gen-bi ndi ng portion of an anti body"” when used
herein refer to the am no acid residues of an anti body

%%@Boﬂﬁ)twldﬂtﬁe héeivy @Riihged- dIltl‘iléjhglﬁ chmeare no involved
ype varla e regi on conpri ses anmino ac si d
e DIR | Lt CRRDSY (ol FREFRY DPbGrBL: Vijfous effector
ﬁﬁ[&ﬁﬁ‘ms Dé'p"eaﬂﬁka theoamineRicid egjuens aff thetdoastentvaegionbdfetheir
Qmai p I e S h han V.
S%vyacuglsnsgasn? 895% nFl e uno%%g@ﬁlte]"‘rag gl\rcg({edqﬁgoe[#g% SQgnd

heavy chains of an antibody conprise fromN to
Gheetermnbivalent ispesifiesartiiody CoRusedriereincryters terp, antibody as

G%Ibeara@o{?é% wWHRIRS 1R SRER Wpﬂrﬁbﬁ hé a&ﬁt@dn@mght chain

f d
B Cl famsofisal rniog: orh GHIEEAT GBRERT i B Fbhey and the

mitﬂ&gﬂclbilﬂﬂ (0% natﬁ@Fﬁrc&ﬁ d(rjl Egtlbﬁ@ Qaihsed Arsd ehegen) B&dspeaﬁcally
rding.to the ar i tion Kabaty
%é‘lfﬁgglé sy tBrao{iés ggg?n’l ﬁﬁu’no eosﬁf%né‘o Lfav?ea;%est?lte gﬁwﬂd light
eblain Rutgmactmgefad)mharS@nubQ@/ agaamtmaetcondumtlgm dsarefspecifically
\ fi
T AN I
iantibpdietiargi capahle 9f ppecificalli bigdare t@rFW@rfil BisaY 2ptgeg at the same
ahd, gﬁﬁﬁi nBtto Q?(('i}‘ebdhﬁthWd @x‘}@geﬁ@fﬁﬁt&{tra{ry%l loﬁnthe one hand a
Dependi n on t éﬁjﬁ seg)ﬁfnce of tthe cons ant . oth
r"é%‘i“%fﬁe% f"htél? h‘é"B 'é) ‘H%‘ng % Botednigre 208 A the other
IHmH n@gl phtravatenar &txdspecd‘edamtmcmlyt Wwhich| @ansbsid Thdoureamigen

cifk anti body" as used herein refers
mOlgﬂﬂ ttﬂ?) {/&gts'{]%escrl bed above in which each of the

two pairs of heavy chain and |ight chain (HCZLC) is
specifically binding to a different antigen, i.e. the
first heavy and the first [ight chain (originating

f/’(&mc? Q@ltth@gﬁ!\)’en@lgﬁ! fsd raﬂlh(f bf gt d@ﬁ?d Wh)erﬂ,r Blspeaﬁc antlbody
O RO b N
(cefthig dtﬁi:alﬂglnfmrbyrDMpaﬂbf losady clagmbind tighet cheimdbtC/A0% i While the
)g"nrts r& t?l@?cwl fI-IIéﬂJCl ¥al O§ Qrﬁé Egteg ﬁ'gf\{ Bhn @9%& s}%&ﬁ@;ﬁly binding to a
lﬁrstp@mgfen @ndm dﬁto@sesélaﬁY emclaapabd,ethofse@ﬁéc?ffthe ayve JC/LC pairs
mr 416 ﬁ&nta\ﬁoan%'bt)af §pifica bigany Bl selh BHMRreh |, BR is altered

not to nore thah two antigens, in contrary to, on
thYéhéfﬂilol‘i‘&%feB ¥eMe’peci fi c anti body capabl e of
bi nding only to one antigen, and on the other hand
e.g- a@etdha IIepibcenﬁattr@[sﬂecvéridbleahghtden wdungdinCéh by the

bi nd tv%rxfa e heg\rr]}; CHAE drorronla?r{: J‘}'IHegf & aH&b %e&'ﬁrgﬁly binding to a
second antigen, and

- heavy chain: replacement of the variable heavy chain domain VH by the

variable light chain domain VL of said antibody specifically binding to a

second antigen.
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According to the invention, the ratio of a desired
bi val ent, bispecific antibody conpared to undesir

ed
WOPTSdduct s can be inproved by the repl aceREREP}08/010703

certain domains in only one pair of heavy chain and
l'ight chain (HO/LC). Wile te.first of the two HC LC
pairs originates froman anti body specifically binding
to a first antigen and is left essentially unchanged,

tin@s SBE Gadhl@lg bhalchyobikkdclie paibiodlieardrgiarefieial hnitivdies which
anti body specifically binding to a second anti gen

and FQH%T?gred by the follow ng replacenent: - |ight
ahdierlight elpliaandbatvy chainhud au antibdd yespkdifjedly dlivading toadiish

VL bgn{ngrgggiable heavy chain domain VH of said

antibod§ specifically binding to a second antigen, and

e shelightt ahain and peaveheimn ofen antibodyaspecibralyhindipg ¢qapgsond
dongggﬁ%ﬁgbé the variable Iight chain domain VL of

said anti body specifically binding to a.second,,

ant i gen. THhgeein Fﬂég i‘é@iﬁﬁla% fgp gatikedy, SPB?‘@EZ‘@%F’?Q:‘“?; to a second
aﬂt i Ib.odihes %hggantcgﬁihamsai vaaiabjem@difaQSVMineﬂaa@ gfmtj ad a)

the light .chain. eavy chai n an amn i :

speci fi cAMEER Pﬂg?‘ﬁ@wtcil’aé‘(? i ainsa(nt%ﬁfi}' %ﬁ%ﬁcgﬁygb%silqgﬁg a

| i ght chai n sexvthdresiggn)cloatainsof vasiablatonizaal Y L instead of VH.
specifically binding to a second antigen, wherein said

| ight chain (of an antibody specifically binding to a
Jecorddiinabespectcefithaimignton suehasnrrodeshiatie afi3 desyed hiyalent,
Pfisp¥tific ARAbIEESthpareditdl uR8aytd GRRI p1o@hcta Bar BE k@It improved

speci fi_cal bi nding. to a second antigen) contains a
Mﬂnémf@eogeﬁﬁwwgwoiaﬁs%néazﬂesof VH. In an additional

aspect of the invention such inproved ratio of a

desi.r bi val ent ,..bi,speci fic anti body conpared to
aﬁé%gﬁ%gaﬂgﬁggﬂﬁﬂgﬁéﬁis can be further inproved by one

of the follomﬁgg;tmo.aIternatLves:_A) First . .
dlheecHadonmirsselesaid ivalgnt, bispecifivianidlendyi avsowshing i the invention

R %'e%ﬂ%red%ﬁ% CLhHIE iRABIADAE Ye ARORIZH iWHICH BestABed with in detail
invention can be altered by the "

VBB ROy AP ‘D TR 1 7Oh Riauek b 6 h Faevi Ene 9
x99 @ $-621; @ind. MMEGHAMO A7), ket aRINGG Bitytechidol &6 (EH98) 677-681. In
g gtrﬁ!ﬁpo%p%t 13&6%%%?)?%58?%{% g)ggﬂeéglg?%lg‘{: .{181@1%1% o Meere®lo increase
the heterodimerisation of both heavy chains containing these two CH3 domains.
Each of the two CH3 domains (of the two heavy chains) can be the “knob”, while
the other is the “hole”. The introduction of a disulfide bridge stabilizes the
heterodimers (Merchant A.M, et al, Nature Biotech 16 (1998) 677-681; Atwell S,
Ridgway JB, Wells JA, 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 W096/027011,
Ridgway JB, et al, Protein Eng 9 (1996) 617-621; Merchant A.M, et al, Nature
Biotech 16 (1998) 677-681; and Atwell S, Ridgway JB, Wells JA, Carter P., ] Mol
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this met hod the interaction surfaces of the two CH3
omains are altered to i ncrease the heterodi neri sati

WO&?OS’%?%Zheavy chains containing these two CHEC E%‘?Oﬁ@lmm

Each of the two CH3 dommins (of the two heavy chains)

can be the "knob", while theypther is the "hole". The

introduction of a disulfide bridge stabilizes the

het erodi mers (Merchant A°M et al, Nature Biotech 16

@1&9@70 879579836353 W8 ! promot& tﬁl%)’mdtﬁm ¥l the BiRalediarigecific
Mol Biol 270 (1997) 26-35) and increases the

)?P@P‘&dy Therefore in preferred enbodi nent the CH3

domai ns of a bivalent, bispecific antibody wherein the

fThust irCHBhedaspeich afn thes envendioBH3aidobiialensablspesfic anttibady is

h conprises an original interface

CR{“% tfeﬂg%wl\éng%tl body CH3 domains are altered by the

"knob-i nt o- hol es" technal og |nclud|ng further

sheibHdidomainaf oRe heavy shpie fm% rhedfHa dgmain ¢f the other hgayyichain

tehéh R 8 QR tBFadeAaAHEN EdRPriied aMOBISINAP APk face Betsl@¥@yhel B,

et ein.Eng 9 (1996) 617-621;, Merchant A M et
&Ptlg?\%}tgkg demsinteh 16 (1998) 677-681; and Atwell S,

Rridgsinyaid BrteMédel isaldeded teapiioaiotPthe fdrrMitl(Bi of theBB¥alehQ Dikpecific
gpglg%%y ]w%eperl P ta?ta}atl%? if Eﬂ#t&ﬁeg n i} Pivalent,

I'C an one aspect of the
i nvention said blvalent bISpeCIfIC anti body is
@b trecHa dopain pfonetheavy ¢hairozltersdni n of one heavy
chain and the CH3 domain of the other heavy chain each

%{Qﬁat%t}ﬂ@ tﬁé'ﬁrﬁgixﬁeﬁ@xﬁem&ﬁ% G‘g{!ﬁidrﬁeﬁﬁ o@ﬂn@héa@’y ORdin that meets
er.r.ace a 0

s Grnganterer vans LPLPRmed b ng R Risimaa o st
thiveal dait Meibpeeoific abtibpdygi fic antibody, wherein the _

a|r¥ agr{ﬁgr} | aocpd re§1d co %r "é)ﬁta&{ Vtggl’? %fa Qm‘irn?%ci;]d ?e)sdtug ﬁl \q:lg ﬁ ‘i'anQBJ side
o;haxgu vrmahme,rt @cbﬁg@etaﬁmg@momme withimiheirtgrfgcec dheyCH3

t %alfirEP&ﬁ 854119 WE’R’Jh i EBﬁﬁ&%‘r’e iffa dabRy (ABir@ERA e of

e ot her eav ch a| in the bivalent, bispecific
éh@%@oﬂpm%ﬁ% erfhey eﬁ"%@!sai“blue is repl aced with an
ami no acid residue having a |l arger side chain vol une,
tadpdr eby generating a protuberance within the interface
of the CH3 domain of one heavy chain which is

%{Sghé C?ﬁ I e | nﬁﬁleoﬁx thyeﬁ‘g&mrp Stdﬁgrehnterface of the

domai n

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.

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

WO LPH8eRS 33H3 domai n that nmeets the original i nPQFIngws@W%

the first CH3 domain within the bivalent, bispecific
anti body an amno acid residye is replaced with an
am no acid residue having a smaller side chain vol une,
thereby generating a cavity within the interface of

L8 eox§ee qopdt QB tHéOIRIeAtivh tBUtR BRIC AomalisOttd @lﬁt&likfre altered the

t nthelnterf of the firs
SR T BRG] 2b PP S HorAEGORURE aggtions of each
IGHA dorail augerthai delisifdenbyidgeubetwiesn deitle iiddl donoring ken be
QL QuRy consi sting of arginine (R), phenylalanine (F),
tyr03| ne (Y), tryptophan (W. Preferably said am no
acid residue having a smaller side chain volune is

e nother! prafermned trabediospt ebsi isveiprobothi GHP emaiys are altered

%gme%é O redidM 8 90I09S); (K-B)70EV@K11(§9D)(Mr RridboResidsRamd DB99K;
gq} |on bot ngs FTB.IIH)S ar%further altered the

iEAP IS fRrdtaloresigres sdeee(OERBARHY - acid in the

correspondi ng positions of each CH3 donain such that a

di sul fide bridge between both CH3 domai ns can be

formed. In another preferred enbodi nent of the

| vention both CH3 domains are altered by the use of

Fesi dues R409D K37OE (K409D) for knobs residues and

3398 EIMALVE gire 85§ dues described eg. in EP

1870459A1 or B) Second alternative (see Figure 4): by

1b|9Qh£ %}le&‘éﬁféﬁﬂbf She E3IRLHO lh@i@rmlahﬁ@mm@r@m b@mdataﬁblaeavy

Ggﬁgt nﬁ%%ggﬁéﬁ%ot %nﬁt eqngln@B dégéadrl @%t is $eplaced by

Qaoastant light ghdin dbaiain @bmai n CL. The constant heavy

chain domain CH by which the heavy chain domain CH3

is replaced can be of any Ig class (e.g. I1gA |

e, congt@nt beacty Ichain, dasnain (BT &% svhich the hqag"achaln gi?gmam CH3 is

égﬁ edl&%e deﬁ‘}r C%Bl ss! @%ZI%A 58, Gen '&hdll toxgshﬁ'cﬁss (e.g.,

¢hai'n’ donai
Agpl éa@& Iéﬁ% BedoleAlne a (1) or kappa (K) type,
ef @nshhy hgmec}kaaﬂnam(dﬁ) aly pe. wh'h'&ufshé)heavpr&i‘aﬁf defhain CH3 is

nqg%gg:gg %e o? theqam{)Ha 8» Qpll)as(Ka tyti)eygre erably Rhe RS Cp'af(lcf type.

Thus one preferred embodiment of the invention is 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 variable domains VL and VH are replaced by each other,

and wherein optionally

¢) 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;
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conprising: a) the light chain and heavy chain of an
antibodg specifically binding to a first anti

i ght chain and heavy chain of an antpgggyzmmm1wm3
specifically binding to a second antigen, wherein the
vari abl e domains VL and VH ajg. repl aced by each ot her,
and wherein optionally ¢c) the CH3 domain of one heavy
chain and the CH3 donmai n of the other heavy chain each

meet ]?va@fkll)ﬁ Mig [rfté\ﬁfﬁ:e\/l@ilﬁehed?wmbh&@ét}@ rfo@xﬁaitginl’w the bivalent,
I nter ce nt e, antl
said i ﬁtSBF‘PEE%“? dyi Vhersip ‘?‘8 %?‘gﬁg‘i 8BS gﬁréc%‘ﬁé‘t“ﬁﬁo‘%t of

the bival ent, bispecific antibody, wherein the
al t er akch)othe GH T themaintafionz beavyrrhaings alteged, t he CH3
domai n of one heavy chain is altered, so that within

the ori ﬁ'tmlmﬂhm ﬂ{ef(ﬁ'fg?natl Iﬂﬁe% tg@m.’)rao%alﬁ B?ox'ﬂeel@éé)éy chain

chain that nmeets the “original interf ce of Q EEB

domai n tlt npests the ﬁélgmﬁle‘é’w 2chaf e hAameRefhs af peavy

bi specichiia vatHih BRdbivaladt, B;HpéﬁﬁcaﬁitldoﬂﬁSI due is r epl aced
wth an am no acjd r.esidu % a |l ar ]% %

vol ume, 2 HBIRRIdyEsdPa s fﬁfaa%f’ p‘i“g? UpaPYKe é‘%‘? i ?Y}mg a

i nt er f dageroidd dhainGtd3uiestherebyp ferenaingeaprptubivadnue whihah the

| S pOS 'gﬁtgﬁn&bclf%h% e{-]% &)%H]xtl bf J}béaOy Eﬁlﬁn Wl Eiﬁtiﬁlgable ina

eavy aln an
CH3 doreayity withintbe mtﬁéacel@éd\ﬁ)ﬁldhdpmalrso f1he @'ihéﬂ eayy chain

that within the original interface of the second CH3
domai n ztpat neets the original interface of the first
CH3 domain within the bivalent, bispecific antibody an

o SEh T i PP R B2, 2t

generating a cavity within the |nterface of the second
CH3 donwmi that/wttlmmrthe\hrlgllmahnmrfawaetlhamndﬁﬁfiﬁ domhia that meets

i nterf QHSOH%IHLII]E fab Sbf tﬁyﬁrg JorhBinRARiA 'tﬁ)erlﬁbill@mt or

d) one constant eavy c naln CH3 i1s replaced by
a constbaspecifieaniibedyai n domain CH ; and the ot her

const ant, AAGAY ¥cidhadidudie p@lste@dth & 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;
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
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repl aced by a constant |ight chain domain CL The terns
"antigen" or "antigen nolecule" as used herein ar

e
WO8¥@802 ¢ er changeabl e and refer to all nol ecuPES/EPRYB/010703

can be specifically bound by an anti body. The

bi val ent, bispecific antibady is specifically binding
to a first antigen and a second di stinct antigen. The
term "antigens" as used herein include e.g. proteins,

Hh%l&i% rae{alﬁ aRPArtRPRIS dﬁ]{y wﬁe}t _&irﬁBiné@Svit;ﬂni ;frbwcijmndqmlysgemrides.
w thin the nmeanin t i nvention)., .an :
lorywizehial FRBENOPrinonzeiTh P Ugshc <AdacIds pelly: sgp arhite, and
paRsink @om trehdplanadd Sssuéd agledrigans dri arbthaeyrfagecbfttoxisfusgd blood
of,, bact.eri,a,. Vvir S [ i. i 0§
SRS MBS DI S BPEARIARES RS col
purddcei protesmrsd epryines sanclheecepiess. cybdnnesi eslopirfice drelgdoezymes
(R@PscsElokd antigens can include pollen, egg white, and
proteins fromtransplanted tissues and organs or on

the surface of transfused hlood cells. Pref y t
TNMgerntissns AFease AMUBRNY HIAt A6 (5B IS ¥i1ﬁ§%g1ll or' Mic 1
eydl el 3@, the elrfacs of fuaner @illotEiensantizpaycamssoaretimes be presented
ecept or s, cytoki ne ell syrfa ot ej y )
gﬁ&“‘?‘é’&é S0 .nef'ﬁf‘rgy tfg‘\%P?b%%sonﬁggnﬂhgscgasgﬁ{l?fé%scg?. apmer
apeifpr asepoed ) MdCtipiaily Medalt fromml taowirspediic miygation. More

e af t.uqor j i
L AT T

erresalled, thmios-agswsiated: payisense (EARSe dCYaHiFiS pedymphocytes  that
L ALRS thdseAmtigead niayPbEableytd deittdy tHeOtarAor WeIBr before they
speci fic nmutatian. 'IJ\(}/E}EG conmon_ar a@tlnlg ns t hat gheetumor
preldericer Bytsanes TUmeTaliga oAl bopr L siifpct AEY

af ethe abtadof, fopexanpleciaatmadateditregphs, (T AMsch @y¢ dbhayxivdl be

T 1 h esyt hat recogni zed these antigens nay be
é%ﬁ%‘q{%gﬁ@tc?%%y the tunor cells before they

proliferate or nmetastasize. Tumpr antigens can al so _be
dn ankeprefered cebotliment atdeast one of Hre sy fhfisrent pptigens (first and

Q¥R Btigh )b Mhedh ¢the GRRIERE, bidpacilaftib etifeMlyWihds to, is a
be recogﬁlzed by B cells. In one preferred enbodi nent
APMPEaRYEHne of the two different antigens (first and
second antigen) , to which the bivalent, bispecific
antdrotisy rpfeiclli aabddinenndsth of thes two tdiffeentmtigeen.(fitsy and
anot her preferr j ty. . . j1if,
SRSyt LA PR LR b6 A o
biumak entigensi @pibis dase thanfiisbanly serpad iantigen fan Hpnbie tye different

aehﬁogwmh@ga leQ6RDT S}%&iﬁ irptef@se the first and second
antigen can also be two different epitopes at the sane

tunor specific projein . . :

In anothePr preferredpem odiment 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 effector cell antigen, as e.g. an T-Cell receptor,

CD3, CD16 and the like.

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
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I n anot her preferred enbodi nrent one of the two
different antigens (first and second anti gen

fo
WO ®'%Phe bi val ent, bispecific antibody specl)PFF/chFq%/mm“

binds to, is a tunor antigen and the other is an

effector cell antigen, as e.gg-an T-Cell receptor,

CD3, CD16 and the like. In another preferred

enbodi ment one of the two different antigens (first
apetifsallpbehding itgie Rhtigén inbll KD-tdhee bf Vo ensl/l i bpeci(£.5c10™

ant.i.body_specifica i nds ;t@ _I$,a tunor, anti.gen d
enah Bt R s KD alkEat 1bubaioln 36 TR <R 0% Buef The
binding iaffasiey isndeteimhored wish us ethndarde bindirig pesay f suchl hsy surface
indi ng' or " bj i fically to" refers to an
g’%?ﬂ?@%ﬁ"g‘ﬁe‘%. tlfe:&%gﬂﬁéiﬁﬁ%%’a??g an antigen. Preferably
t he binding affini é‘# of the_ anti bodyspecifically )
Gibadterp tenitopaningedesi ambPokbeRtida desrmutog Gipble ofr specific
IbpBhg (t6- £h a@bddy. MRl éektain REAIAEIY, ¥ildpeaddtbimviahnteinclude
oL 10~é0 mol /1 or Iovver.l?g#e.f%.8 l10~112 ngl/l .. The. d
ShABIALY aFFie LK s BB RO ot ATRP cson degp side
ahsiay, plsasphods @usdlfaagl, phdsimeertais emdbiodané¢regs, hmiy heve specific
iacpre(r)). Jh rm."epitope” jncl ‘g
g58 S e o UF il o SRS AR o) O s By, g
am apilt?pbeohtya .r¢giom; of tagj mt?ngbd@iaﬁgnb(.gqndebyt@p@tlbody. n certain
QG BAR! fahﬂg{IMYCb&e%igalté YspGhilS B aR€antigen when it

groupi ngs o )l ecul’es such as am no;aci ds, sugar side
rsfereatialbness peRirSHILs tRIECSUITESAYR 2 Caftplex; M@t fjpfotems and/or
erhedmaRBtles. may have specific three di mensional
structural characteristics, and or specific charge

characteristicgs. i tope..is.a_reqgihon pf .an .antj

RIS B0 Bk F9RR 0 o PP AL A0 B of
dnivadentt] tsptyificanghody aaoshegiofthe aiveptipn nd an anti gen

when it preferentially recognizes its target antigen

icranfprgmgpl ex m xture of proteins and/or
macronol ecul es. An further enbodi nent of the invention

IS asemeth d for the gl[:epgrati on of a bivalent,

bi spedfFStorayes H8e8F <Ht¥8Pdi ng to the invention

conprising a) transformng a host cell with -vectors

conpr i sien@r$ ta@hpiising aivdleimicdd whascubesconbdipgt the lighglkbain and
chai n and_heay L0 n. ' eckfi

Bi el niLeYs CAor & hilodty R RO BRREREEI ERieck | ¢ ¢
aci d nol ecul es encoding the |ight chain and heav .

chai n ofectars eemprigay nypleisi 4cid malseulss waredng oths 1@1@6 Ghgin and
antl g€Reavy chain of an antibody specifically binding to a second antigen,

wherein the variable domains VL and VH are replaced by each other;

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

molecule; and
c) 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
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mherein the variable domains VL and VH are repl aced by
ach other; b) culturing the host cell under

WO@B‘W&’;%S%S that allow synthesis of said anti BGL{fP2008/010703

nol ecul e; and c) recovering said anti body nol ecul e
fromsaid culture. In generajythere are two vectors
encoding the |ight chain and heavy chain of said

anti body specifically binding to a first antigen, and
ﬁxWehhSﬁ NP ORCArer Sed&BlC@riﬁoﬂgmgt the lghgkhaiahaidnhang cheiavyf the

gt ﬁ%r"sﬁeﬁ?l?@ai\ﬁ”@ 25 2 PR b kA Ctnelon 07 oty smsading
\lt/l&s higlttt ¢haén hid)titeaghdhain afi dhé hatlbndyesr?:g\[/ical}g'ﬁ;llnﬁmg to a second
ﬁg&é‘g{ csanibﬁ u%gc? [{-}1‘; N9 stoli gel% Egt a:\‘.?.o y

ternativ r the preparation
of a blvalent bi specific antlbod%?accordlng to
flihei imvemtiororencompyssena fethad Jeic ke Pserasetiony of nibe| prjfhodies

Qgiigﬂllsﬁl Bdc ey BRRatdir&pohdifig st bélli}’uﬁdl@%(fdd‘i?taids)/that allow
bi ndi

first, antige onI one s
T oHa TNy Bl TR AT oo R DA p e fom said
auttikoely. Bpaptdssiagl | y binding to a second antlgen can
be used for transform ng the host cell. The invention

Qn(ﬁ?%prgf&e?cs adld é&%ge eg&icfu%? ] ng cﬁtn'no(gf & axtltg?od&' s eaﬁcally

I'es conprtsin € correspon
¢@MthUhﬁﬁnt®UﬁGPtlons that allow synthesis of sald
anti body nol ecul es and recovering said antibodies from

3@' Qc&r&ﬁ tidlcRic Qeid: sdqMeRPeREIMY thé Hehys IchiiHC bRisgidaghtibody

codi ng.the light chain of an anti body
§B%% KQ} %)}nﬂc)'ior?dﬁirﬁtgarltlgeg first antigen, -a second

nucl ei ¢ acid sequence encodi ng the heavy chain of said
altthlbcbduaclsmemd secakbhae dricndingghe bight dhairs of amangleedy spacifically

& gg %Jg Legoéd %ﬁﬁge gfg.gxeelﬂf ﬂmbl nglgle ﬂghtt MG &&Hﬁlgqhuaisr}eplaced

an®an gﬁi ing°to a secon
dmthgeanabmeqa@rﬁhméomm b@nfli ght chain domain VL is
repl aced by the variable heavy chain domain VH and -a

foufduthnWGligicCa@di $qa&stee BE@daic ek rmga‘t)hehmaw sslhaaﬂubody

of s nt j.bod flcally b|n in

sheselly Bndive sl G A BRI Y TRbgomRi VH
varthabdréable light chdiaidondom®in VL. A further enbodi nment

of the invention is a host cell conprising - vectors

@Fﬂ%ﬂ&lgﬁﬂﬁwn@ﬁ}?&w haeihes ¢ gn&qﬂ;é g?éhe i ght

n an aln of an antibo cally

binding to a flrst anti
- vectors comprising nucleic aci 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 variable

domains VL and VH 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
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- vectors conprising nucleic acid nol ecul es encoding
t he Ihght chain and heavy chain of an antibo

¢ally binding to a second anti gen, 3%@“#”@@@”"”
vari abl e domains VL and VH are repl aced by each ot her.
A further enbodi nent of the jgwention is a host cel
conprising a) a vector conprising a nucleic acid
nol ecul e encoding the |ight chain and a vector
@@rﬁpwcsorn@mﬁplnyﬁg Qi @uc@éid: dcidbhmetdlile @i&@dﬁ‘lgl’lgetlfgﬁt hﬁﬁ‘ﬂyand a

T T R R i e

emcﬁhakhg binkdéng toghtecahdiantigemcl wheresrt ther vaciehlerdosnaigs ¥L and VH

ul e encodi ng the heavy chain, of an
etregiageﬁ%yp%é %cgﬂ ly binding to a second anti gen,

mhereln the variable domains VL and VH are repl aced by
dachribenesmbadiment haf @RDEHEREA Bf A HOMRASKIN: oFrefasally 2

CRIRARIh AN orPd AlghadlcYcdin JRGEYhd Galaled, Bispecific antibody
di agnostic co osltlon of the bival ent, blspeC|f|c

AFAAriBE O tREIBYARG- t o the i nventi on. A furt her
enbodi ment of the invention is a pharmaceutica
eonfehiet icmﬂmrhmpni sifnghe ibverdioantiy i Epemiatduticantcbinpdyition

a n

ﬁ&%rl 1n§ga[ llt)lgaé H;'t ¥8H% gﬁb@%c?%rldé rﬁ% E‘i?'erhtlon and at least
@nbohamwu@crallv hecepnb cipients a net hod for the
treatnment of a patient in need of therapy,

‘N‘ﬁl&ﬁfé? b8 &itheRY oﬂdﬁ]lﬂ\be%‘h@ﬁhﬂgnfeﬂlddrfﬁr ﬂﬁttke@ﬁhelﬁ of a patient in

e tically effective a .bival e

b GBI FEP BB /4 OO WG e P, BTt thpfgpeutically
tea%dﬁve Aanwlugt of abivaleot, bispedifid antiboidg aomwirdiag te the iagentioad
herein, is intended to include DNA nol ecul es and RNA

B | "
Si ngt%% Pfilﬁi gﬁiorgk gllogl% Fg(ﬂ%ﬁucf n%? &gr%e glP éE)S mtended to
dediisde DNA anql@@ul@lwd /@%s@@leﬁ@lﬁ%um nugcjeic é%ér@@k’-ﬁ@lﬁsmay be

‘strfple-strandeg bl dl)lhm@-»straﬁ&fc‘l beEpdefeeably idrd%ubﬁfs@raHaé‘deNA
|nterchangeably and all such desi gnations i ncl ude

proge Thus, the mnrds ans ° mant s
ey S Bkt e ppseona el s el olifen dsﬁsf eftugg fre used
an@rdhidhgeabls anérall edch hbmgﬁxtmnsvmchmlat proggay.dThay, thhewords

nk"rans%rn%{ntg”r erl] f’?Jansfol-meJl eﬁi"s 2L 80 aShb cell and
SRR PAMRATLL R sl

ctubutee dstewcbdreacfeomrwuthmdwegqrérfpr ﬁlm awingas of Vamfemt It is also
RINASR M6 fRat alh?x‘ﬁgeﬁﬁﬁlag AT bE ?F&{skl‘}@dé}fhcm il I@EA%lntent due to
act | vi t as SC

he ofri

ns or
deliperatetor nad\saienl MRSl SHHTT TR tghfagavsrf ¢ §prge Rinetion
igbesleEeal altivivy dslschenéd ffin ilioonigihdlycdtisétned cell are included.

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

The term “transformation” as used herein refers to process of transfer of a
vectors/nucleic acid into a host cell. If cells without formidable cell wall barriers are
used as host cells, transfection is carried out e.g. by the calcium phosphate
precipitation method as described by Graham and Van der Eh, Virology 52 (1978)
546ff. However, other methods for introducing DNA into cells such as by nuclear
injection or by protoplast fusion may also be used. If prokaryotic cells or cells 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) 7110ft .
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The term"transfornmati on" as used herein refers to
process of transfer of a vectors/nucleic acid into

WOHB‘%‘WS@@FI If cells without fornidable cell %F4EP2003/010703

barriers are used as host cells, transfection is
carried out e.g. by the cal cigum phosphate
precipitation nmethod as descri bed by G aham and Van
der Eh, Virology 52 (1978) 546ff. However, other

mz%&lt}ﬁgﬁlaﬁoprddltatﬁ&d 312 hﬂt%cﬂ%tusﬂ}gotrfrﬁ:cfdr&laibﬁhs azllnown in the
nucl e I njection.or ro
SEape  SRLAE. B RePHR e s B il s,

PudreinaBipralPuek] l7 \(\/1%)99) CBAA021 Ceisen S., aeteal L Pedteire Egpr. dhaif. 8
ran thonyi

Zg%?gzni)c I@au e gilSRZéSCH%%dﬁ%EH %gﬁfoﬁgﬁ‘ﬁhﬁ'éi Iwe]iner’RG

PNAS, A@@Gl(lﬁ@dﬂ))rsfhullg @Bf(lﬁ&&)cﬁ?ﬁrwanm wetl o ie USoh33k415 and US

g‘rgtlgkg,ggll es using transformation is well-known in the

state of the art and described, for exanple in the
revi ew articles of Mkrides,

Pr pged lle,tex(nj_ggng)res:%@ oNghers (t%lgg £r0§s§ %é{t w }C.ET(E Bluslels geid is

Rk cribRdihfo. mﬁN(Aleﬂﬂﬁ)r R the pBitesskguftientheRdanscrilisd mRNA (also

Bl tgt ﬁg ?n?(? lt %9] 2%%2) 1541129%1 %égsty\ér ner lR ancg’laltecfe tm‘% Pﬂ)tldes,

@Slﬁﬁﬁﬁdssﬂrbﬁs pnxﬂelhlS ’Ibe 1tﬁqr56r'ipts Aglcu gbed dmg«p@fidq polypeptldes are

cgﬁ%ﬁ%@l§| RQRerrdd®iLhs gefle ;ph@d&’to ?éﬂ WIS Bu&lrﬁﬂeﬁ from
Obed I nt and/ of 1

transcri o the profc?l be
wahemia ANA; perssianted evRMEefardlonenglidgaplicnggf the mRNA.
transcript) is subsequently being translated into

REPlL@RSis PRhIRE @&ﬂidﬂ&eaﬂé 1ﬂrp3h@ddlkﬁr seffheplidaaﬁg,cwlinph sransfers
ggqgée?%gﬁ&%%?cg% fl e 1Hg)ee?%i? gf%g\? od;g\c/eel‘ls T reetferergqéggudes
fveamsg&morﬁmctmpnampﬂ)esﬁm msentlnnaofeDler yotRNAcietd anee)l (e.g.,
| RESHES 2R }lfv‘eg%gl% [PRATNbf AP ThA! funkiiord p?fﬁ?;irﬁt Gor the

( -T ep i cating
trplain:sflen @f NA ng %@ndw@,{P@ﬁ%mﬁilﬁ@Ofﬁéh@chP@‘qfh@é transcription

aaﬂq/ Her RRLWER Bf hﬁ‘sﬁNﬁ%r'I@\I A TA8o inRTudedl Bfd Wd@ss MAEpRIvEde more
that fun rlrrar#ﬁsmfgolnsertlon of DNA or RNA
ithiHoRe ¢ F%{ré:tlﬁnsa o i ntegration),

replication of vectors that function primarily for the
rﬁpl"bqa’eism obctbNAison Phldnudentidex phihs i vareny ectradued hiato an

%%‘Pirr?%\lk st Afellaréglg: hi p%argggrlﬂ&{j 95 tI‘e{n‘csl ?&lﬁlafr{tgrﬁ eglgéaﬁlde An
foxetsimsyote oualhercfenst 4 orsblediosoedraomRseARt an expression
RERE ngvfu\ﬁ%%mo yieRl AARREY BYFLSRNIHBdNR ch, when

intro Into an appropriate "host cell, can be

B PELLRE B AN AT S HEBUA Sl P vy
grbHu&dripr iesetibifanameanfroush intthods are widely known in the state of
the art and comprise protein expression in prokaryotic and eukaryotic cells with
subsequent isolation of the antibody polypeptide and usually purification to a
pharmaceutically acceptable purity. For the protein expression, nucleic 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
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vector that can function to yield a desired expressi on
duct. The bival ent, bispecific antibodi es_accordi

W0t2809{‘]i§‘é25iznvent| on are preferably produced by PCT/EP2008/0 703

reconbi nant nmeans. Such net hods are w dely known in

the state of the art and comgyise protein expression
in prokaryotic and eukaryotic cells with subsequent

i solation of the antibody pol ypeptide and usually

%Hffb{rhé‘cﬁid Sdet © élirﬂih@fdmﬁauédllﬁ&:r |c§im@6ﬁ&[t§ abbthepdontayninants,
or e ofein sion, nucleic acid ncodi ng . .

A PR ER AP RRES o prolfRernt sBREF,RUGRELEY including
iaH@Bﬁé/SﬂSitféhﬁnﬁ)tptc&&mmmhrmaatogr&phbyné otiregiawell keowods the art.

nds f
SX‘E usg Cl Plh’os{) gf ?{l 3 uljrghtCE%tg)&{l% qlthmg 695qu yﬁ%l ‘g}éobreene
d’elblldnng-m%kﬁémﬂesscle@%b&@ﬂ’@k (J&¥3t, or E. coI i
cells, and the antibody is recovered fromthe cells

(}ﬁg%&ﬂﬁlmmso QEllsCl§ bbszriBEd S% . g’ SBahes] DM bbﬁ/a’:l' e)?fotechnology 32

ecific anti I es Sen
i(AOGD) KIS 123y %@eﬁaIBanm paft g}qt LPF?"Tnige @%b )" 261-270.
S[libﬁﬁéiﬂtebcﬁﬂeksyorpw&scfrﬁi’ddlby?mgl fDurathemnYl, stpdr, Narchrektidsn Res. 30

gzﬁﬁarﬁ& gﬁ?rgng 0 arloltflggdrorr?a% R cgerscrﬁlﬁgplg)p ??%@dg R. OEJ“Q'V Proc.

p¥ak eicad., SchyU$A 3&(&1&9&9)6@63}1’38@&@“@&[» gtddlpgroc. Natl Acad. Sci.

Zi%%@'Sb rl%%@%g%ﬁ QQgquthBfHelﬂﬁqh r QEaf, OE rlﬁﬁﬂﬂn(ﬂnﬂ/lethods 204
ers we In

nown e art " Ausu

dd997) A7r$%rft Prafestesk BRasient aypresHon avstgpdﬁﬁj& %) i igabribed by
%éﬁiahgehl BYj. a&}iil Whkigtenbent &, sm e;asbeechhewgyeol(was%m)% and by

essl O cel.l y , Barnes,
ScRfcestc 2 in - dyva i) TR 1 IB0LH 1956- T23: “anc
Barnes L.M, et al., Biotech. Bioeng. 73 (2001)
2k @frol Téleqnlmcemhaeﬁpe esisabde fors prdsryotdse brbgxampley. include a

%%o%%@&r pYIdnaﬁ); baﬁ'l opethibt - seAﬁérg% RS a 3@)0@&9929)1nﬁ%g site.

oni ng ot I'a omalns' s 5¢Ti bed I'apdi
FEukaenotxmcells Preoknow o utihigpromefers, wshalsf@r% a%gplyadenylaﬂon
13837, Carter, P., et al., Proc. Natl. Acad. Sci.
U 89 (1992) 4285- 4289; and Norderhaug, L., et al.

.. Il mmunal . Meth . (1997).77-8 A
e o, LR A AR R e Bt
Scilth aegefer fudelc acidnskqGbndes tFemsaample, , DNA for a presequence or

crj{ory li]eag y 3loab a”ll%%%)él té ilfggq (p%g%?mi@ﬁqg expreﬁsed asa

qanpmlnstéquem@gaatdqan ﬁxeesegmitlpamfethﬁopolme‘@wé fydREQMOter or

f DhhafER TP ferabIP RG0S R Sﬁenc@ Btlt Sfats tl?ie &ﬁnscrlptlon of the
oper at or sequehce, and a.riboso %pﬁo

EXRESFS 9TR HRevomeindiog it i Peta v
aphiansed So ad@ f@@hbéw@ﬁhydla‘iidnoﬂ}eﬁd:rgma|”4Speerl¢ liekel" asdads ittt the

r@ﬁ r ﬁaegh%mebgel hnié\hde are conhgu&ds,agne Ecfe HED %éc'raﬂﬂl leader,

contiguous and in reading frame. However, enhancers do not have to be

gssequence if it is

contiguous. Linking is accomplished by ligation at convenient restriction sites. If
such sites do not exist, the synthetic oligonucleotide adaptors or linkers are used in

accordance with conventional practice.

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 or RNA encoding the monoclonal antibodies is
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wi th anot her nucleic acid sequence. For exanple DNA
resequence or secretory |eader is opera

for a
WOIZPQ?@QI{%{ZO DNA for a polypeptide if it is expng@i)am)ﬁ@lmm

a preprotein that participates in the secretion of the
pol ypeptide; a pronoter or ephancer is operably |inked
to a coding sequence if it affects the transcription
of the sequence; or a ribosonme binding site is

9@&%&1?@5]01/&& MPsbqhien@d Gemh Q@nﬁ@ﬂﬂéﬂﬂlq&otédwrés iThe hybrldoma cells

osifioned so as {o fa apnsl| at
REperan 3 ecol SadndNvhad duA dReEassfilins B HERA ghay be
linseked n&b&expm@sw@ ueme;s, _azhd:h dre thdnetramsetelf ingo besircellswyth as
gﬁﬁg?g@r% 50 AT Y ell?ngli S SR8 B tEATE. m\’\@t\ﬁgfwnse produce

ave e contl guous. Li nki
amoonpglabubd prptdingsa | qualatthcowémsrén@ r@@mhumtowonoclonal

§h{1§§dleg {ntﬁé’ﬁ t%bl jes do not exist, the synthetic
I gonucl eot | aptors or Iinkers are used in

accor dance mnth conve tional e. Th bi val ent.
HRpeEcHq teqamqewaaﬁl%té aF E‘“é%ﬂtga‘gfc 4) gé"ﬁ%ﬁ“& ﬁ??f%& Antihedy are

Prépadé Eb R odicipg appmpeiratd Iﬁfﬂﬁotﬂdﬁﬁhﬁmk ool thernntlbody DNA, or

f t
%Ul' I lﬁg?élg g)r’}‘ r OCSQ% g?ﬁj aglon raélrrlgﬁ Ber cﬁ%ﬁede hORI etreé)rny in a
e’bﬂ’d“mﬂp‘h oargsi Sg. Z(Slcmsgtxhed aboye. &of lemmylecmednﬁélﬁg&tmh)do not
i Sr L e FMSAVI el“?l‘i)t% R nﬂcﬁ;dag%%‘e{@ sti@NdRCMi @3 1gG isotype and

sol ate uenced usi ng conventlonal
sntEelinding, THempy BRPBALP ORI € P ihtequnibRarad g i Brotein

Qfapaiph: INcaedhdPlhincRee, i sol ated, the DNA mmy be
r

inserted into expression vectors, mhlch are then

S50 A 2 S B TR A0 o
Idmlldfmgidmgjbﬁ the present mvettiorp bhaime tsbapesyfnvliiels isssepforth in the
k%%gn edn%félmgm ﬂo% %ﬂlers%gdl k?ﬁ)% ?n%d'lﬁkahgﬁ Qgﬁt bﬁeljnbée in the

Sequence vari a mut ant
iiroeddangs setfosthenitiqug dQIPﬂrtlb& &ynatﬁﬂé Spiris aéﬁf@dntfymon
i ntroduci ng appropriate nucl eoti de changes into the
%gh&&@m,%, or by nucl eotide synt hesis. Such
I.ons can .be perforned, ver
G D REtioq r agunc 20 sequiig ot MHPG SLTE arghtibody heavy

exanpl e, the nodhhincati ons do not alter the above

r@sﬁ bﬁ@ﬁg Ant | bg %{mgm%rcﬁ?eﬁggﬁ%t(%mﬂéw %R aglﬁ’bo?y light

'nd ant;g rove t e yle
of the reconbi naawinpr oduction, protein stability or

TH) Ihids the palﬂ)‘il'nt)'agﬁtsb&ﬁbnca— B?thts%leln‘il\/ﬂhﬁgl*e’xﬂ-q@k’e of <IGF-

sequence Ilstln%»and ures are to ajd

under st andi ng of Pﬂmylpy &Xt aP&‘?/é‘HPP "t’ eip the g?%‘ﬁeCham
of which is set dgmdih VH tsheepmaerwedmech@tmam tdonsin VL -

under st ood thalﬂﬂggL{Apations can be made in the

SEQID NO: 4 amino acid sequence of the light chain*** (LC***) of <IGF-
1R> VL-VH exchange antibody, wherein the light chain
domain VL is replaced by the heavy chain domain VH-

variant A.

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

SEQ ID NO: 6 amino acid sequence of wild type Angiopoietin-2

<ANGPT2> antibody heavy chain



10

15

20

25

30

35

procedures set forth without departing fromthe spirit
of the invention. Sequence Listing SEQ ID NO '

1 am no
WOZL@8¢Squence of wild type <I G- 1R> anti body PREAF}V08/010703

chain SEQ ID NO 2 am no acid sequence of wild type
<I G- 1R> anti body light chaiy SEQ ID NO. 3 am no acid
sequence of the heavy chain*** (HC***) of <IG- 1R>
VL- VH exchange anti body, wherein the heavy chain

demRIDINE7i S T eRhRged b t Qukh@ht o haild dgpri Mndiopoietin-2
variant A SEQ I 4 an.no et.c' d .sequence of the

| i ght chai n*** T2%anthody. 1gh§;gnav}__ VH exchange

&mi MDN%): gv\/ne:] eiagxilﬁdﬂ ecillisghtenchaf GHA domiain Knolss) with a T366W
repl ace y the av hai_n. Lo VA i I D
NO. 5 anino aci Sxﬁj@ageeﬁoééls%Pd[?gb Ftﬁ"glg(?glage?rgﬁcﬁndggp

ISEQ IR N€pBavi di mmbnadicitg sgpeniad €H3adomaar (Rl witlsgp T366S,

ECD ) SEQ I D NO: ' j ; -
L3%¥gg@7£ﬁxg%§d§g URPC&eOfn \Whd %BM@%;I{I% holes

Angi opoi etin-2 <A heavy chai nSEQ | D NO

7 amino aci d sedgdpelgHf wild type Angi opoietin-2
SERNFTRD: a0t | bodhihé ghil sédirtnbe SFRk h&viNCGhai8  BNiHO AL bOIGF-
sequence of CH3 %%E?Ln}4 Knohs) with a T366W.exchange .
for use in the K 2T hPoSHERREE PRIEIINE: Sg¥" éﬁf%eﬁﬁ chain
9 anino acid sedoande GH3isdephiced bilothe)lighittdham #9668 VL -
L368A, Y407V exchq%%%for use in the knobs-into-holes

t echnol ogy SEQ Ivf)r_ 10 am no acid sequence of the
ISEQVID Nighilh ( HCaminé acid@equearrs ofthelighs chpiarh je(LC*) of <IGE-

anti body, wher eijg h@-b@?\éyc}ﬁhgé _rllngga@}, NwiVteirS the light chain

replaced by the |ight chai négo$| Vk - vari ant E SE

ID NO 11 ani no 988N ¥ ieRa Bﬁé £ iNgRYY Gﬁ%ﬁln qmain “VH-

(LC***) of <IGFvadilftB/L- VH exchange anti body, wherein

tgl]i%) iﬁ %: lghal " amino acid sequence of IGF-1R ectodomain His-Streptavidin
binding peptide-tag (IGF-1R-His-SBP ECD)

Description of the Figures

Figure 1 Schematic figure of IgG, a naturally occurring whole antibody
specific for one antigen with two pairs of heavy and light chain

which comprise variable and constant domains in a typical order.

Figure 2 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

variable domains VL and VH are replaced by each other.

Figure 3 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
variable domains VL and VH are replaced by each other, and
wherein the CH3 domains of both heavy chains are altered by the
knobs-into-holes technology .
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domain VL is replaced by the heavy chain domain
VHvariant B. SEQ ID NO 12 am no acid sequence 0

WO 20/082528 ¢t odonmi n Hi s- St reptavi di n bi ndi ng pEEF/EH%OOtg/Qbmm

(1 GF-1R-Hi s- SBP ECD) Description of the Figures Figure
1 Schematic figure of 19gG apaturally occurring whol e
anti body specific for one antigen with two pairs of
heavy and |ight chain which conprise variable and

@P%ﬁ& ant dOfnStlﬁEindtﬁ: ﬁgutr&’ pf QBivaI&th:ﬁspeEﬁg Wngbatly, comprising: a)
e ent EC|

matic figure
conpr i ng: - B e <higRpd AR raf e ARy bEAL e SRl pinding
ant i body speco faiforat hnytigeinndndidp) ttbe 4ight clsiin and ihgevy, claml of an
b) the Iight chaj f
S)pe ci fi Calgl y gp@) g[gkqbdlgmgéérgﬁn% o Qm se%@n@whtl?&{ijheﬁem the
vari abl e donﬂan@WIdOamn&/MLaaﬂbi Vébpm:éqplqyyd dyceachtatber, and

Figure 3 Schefptdig ofrﬂeg}frtﬁe Qf)nﬁalpd N @Bam kHo?rPﬁﬁd EHB of both
ant i body, conprising and a

chain of an élﬁ%wé’ay’%é?ﬂﬂﬁqeééayw%ﬁﬁ H@a"f’éh%mf‘i/qn%"tm CHI;
ant i geg and ah%l th@lﬁf}iek g@ﬁst&h&ieﬁlvyaﬂﬁnh&amglrﬂhﬁ[ms edplaatd by a
anti body specific [ second anti gen,

wherei n” t he V8Pt %f%ll@}ﬂagj?ﬁi ﬁg‘g\% %ﬁd VH are repl aced by
each other, and wherein the CH3 domai ns of both heavy
dhigiras are alPreteausehyendeschambet thaheavyshain™t *élﬁﬁJIlBg)HC*”

.Figure 4 Sc RiNaleAbedPi speci fic
anti body, co%gg?ikllg;g “gJ}“VtEL ghééhtﬁégﬁgpn(ga}ﬁd heavy

chain of an antibody specifically L O, N
digur§én;: and Pﬁ?tet%%eqluF'@‘P?tSC[?Ff&F of by i‘a&‘é\]i‘gmchal ﬁéic:)’fliin ce
ant i body Spe(éiffﬂh@akIG(F-bRBdMlgVHo efclaagenatidaody geith a kappa
wherein the variabl.e VH are replaced by
each ot her, efﬂBSt@\?wté}gglgoh gog‘fa"%ﬁggconst ant heavy

chai n dorml ns CH3 of both heavy chains is replaced by
Figuradt ant hd’&asymdhlaan efohedvi dain*ard GFhERbthiet ™ expression

const ant hea\(,gctgﬁg gwmﬂllﬁ i's replaced by a
0

constant light c main CL. Figure 5 Proteln
* k *
tsﬁ‘egijrzgcge: ige A t he I[gg\égkg%? al.n F- 1R>%:C"’]" expressmn vector
pUC- LC*** IGF IR
Figure 9 Plasmid map of the 4700-Hyg-OriP expression vector
Figure 10 Assay principle of cellular FACS IGF-1R-ANGPT? bridging assay

on 124 IGF-1R expressing cells to detect the presence of functional
bispecific KANGPT2-IGF-1R> VL-VH exchange antibody

Figure 11 Scheme IGF-1R ECD Biacore

Figure 12 SDS-PAGE and size exclusion chromatography of purified
monospecific, bivalent <IGE-1R> VL-VH exchange antibody
(IgG1*) with HC* and LC* isolated from cell culture supernatants
after transient transfection of HEK293-F cells.

Figure 13 Binding of monospecific <IGF-1R> VL-VH exchange antibody
and wildtype <IGF-1R> antibody to the IGF-1R ECD in an
ELISA-based binding assay.
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Figure 6 Protein sequence schene of the light chain***
<IG-1R> LC*** of the <I G+ 1R> VL-VH exchange anti bod

WO (9080232 kappa constant |ight chain domain CLPS:T/ﬁiPEﬂ??/@Ym“

7 Plasmd map of heavy chai n*** <] G~ 1R> HC+**
expressi on vector pUC-HC**-44F-IR Figure 8 Plasmd
map of |ight chain*** <| G- 1R> LC*** expression vector
pUC- LC***-1 G-I R Figure 9 Plasm d map of the

{8l .ﬂf?' O‘} @DST(IP/{l@E S‘“‘Eﬁ’ésm -I(FF@EE%VEZ,WHSéd)@hange antibody
principle of cellular -1R- ANGPT2 bri dgin .
assay on 124 "R ‘I‘rﬁ'?e& Brom sﬁeﬁgc%g\rfi ssulpsm&giné% ?r 0("% gtransiently
presence of trnsfectedBlEKR93decls.i c <ANGPT2- | GF- 1R>
VL- VH exchange anti body Figure 11 Schene |G- 1R ECD

i Fi gur [ ICQNIGF-1R-
BREETT oo apredf BNt A P of oGk VR GE gR-ANGPT2
<I GF- 1R> VL- VFidgighassge cani?hdey- (R gaprepsing tliyite degtert the

LC* i sol at ed pf&efReC ok | fufittidndl SispeBaE NRARURT 2afGRIR> VL-VH
transi ent transfection of HEK293-F cell.

., Figure 13 .
Bi ndi ng of nShOEPERi fi gk 1R VL-R}H‘é%gchar?d’él%og{Y ix.
agji body and Purifidd ppsterab SkmplA ank:i body to the I G- IR
ECD i n an ELI,SA:hased bindi ng assay. Fi gure 14 SDS- PAGE
of <ANGPT2- | é::i%wﬁ‘r_qa%q exchange anti body m x
purified frof=Ed+ 2utrok bANGHERNahESRE Bofypem
transiently ?a— 26t §%§H§k§2ﬁ§NEP®| b sMi g &ol&pression of

an
Results for es Atd F of cellular FA )

| GF- 1R- ANGDTZIg%'rH’g? Vg - ¥Eserghange muibpdy-apg <ANERELT fyldtype
cel I's to detqatibbile QBSEAEE BispdciictiONEPTRIISPER S | VL-VH
<ANGPT2- | G-- 1R> VL- VH.exchange anti body in purified

ant i body ni x.ex‘?ktﬁ“g??%tbb%ir%'otei ns Sanple Ato F: A = 124
untreated B £AP4 +2 gl HANGINCPTZANGIP TG widtyppentibody

<o 1R VLT ARSI ERENSIR? ERCEARG T gt

Examples

Materials & general methods

General information regarding the nucleotide sequences of human
immunoglobulins light and heavy chains is given in: Kabat, E.A., et al., Sequences of
Proteins of Immunological Interest, 5th ed., Public Health Service, National
Institutes of Health, Bethesda, MD (1991). Amino acids of antibody chains are
numbered and referred to according to EU numbering (Edelman, G.M,, et al., Proc.
Natl. Acad. Sci. USA 63 (1969) 78-85; Kabat, E.A,, et al., Sequences of Proteins of
Immunological Interest, 5th ed., Public Health Service, National Institutes of
Health, Bethesda, MD, (1991)).

Recombinant DNA techniques

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

according to the manufacturer's instructions.
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anti body conpri sing bispecific <ANGPT2-1G--1R> VL-VH
exchange anti body E = 124 + 2 ng/ nL hANGPT2 + <Al

NGPT2>
WORPHBIBE antibody F = 124 + 2 ng/ nL hANGPT2 BCLIFERI3RL703

wi | dt ype anti body Exanples Materials & general nethods
General information regardingthe nucleotide sequences
of human i nmunogl obulins |ight and heavy chains is
given in: Kabat, E. A, et al., Sequences of Proteins
Qfenk BPathediogi cal Interest, 5th ed., Public Health
Service, National Institutes of Health, Bethesda, M

991). Ani i ds _of anti i . .
AR B R 8 P SRR AL BB e
GyihesietThal 600 P8R0 bpdong garaskgnsots, whth 3 flangedpy singular
Bl : iR ion
ity SEFRIORY B RO i o
Sligonudieotilgy jinrading AER tamplification@nd; fubseguendlx qdonegpyia the
Gredekd - reateﬁgehi _ﬁeéalt e.t@!\lkglﬁsc hgicgues fﬁgagat_ar dltﬁen%hpﬂﬁlRScript
were use 0 | at e rpe 1 N a (0]

St ie) boRAIPLA P IBE 5F P AU SFREDT ST Fioned gene
@Hggwﬁw 'K'S@ thlﬁfﬂ;ﬁfecliLl?bdD’l?_?]GEqudﬁtms Ge@i|sgintBpsis iggments were
Har, bor, r k. . ne

BHE o Rlipd B e R P SRR PR AL O, rmany)

i nstructions. Gene synthesis Desired gene segnents were
APNAaequenkce defeningiabc| eot i des made by chemi cal
synthesis. The 600 - 1800 bp | ong gene segnents, which

PRAS bRukets Divers! d@biinfined a5yt doGble Ostr#idd eepieh &g eperformed at
€. ass led b neal i n

g ot Camit, ATl BaE dag 1R D PG ISER GobH (Vatersttten

apghdabiycati on and subsequently cloned via the
indicated restriction sites e.g. Kpnl/ Sad or

l,/ Pacl | ' pGA4

Ao ratefH Reale Rl fists Bho e ARRR anBEGHERD

ene fragments were confirmed by DNA sequencing, Cene
REST's (Genggive MomRitiee Coper r Madiseroascagsipy seftyass package

SReghd 162t dfNmishaenaridr NRegeivahel ghiteGairsian g0 wablised for
sequence determ nati on DNA se e determ ned

\ uences r
BFIRANGH AL R ARPRYG aeﬁ‘af?lﬁgnﬁ‘gﬁafls? A MRS TR Genoni x
GrbH (Martinsried, Germany) or Sequi serve GrbH
(Vaterstetten,

Expression vectors

For the expression of the described antibodies variants of expression plasmids for
transient expression (e.g. in HEK293 EBNA or HEK293-F) cells based either on a
cDNA organization with a CMV-Intron A promoter or on a genomic organization

with a CMV promoter were applied.

Beside the antibody expression cassette the vectors contained:

- an origin of replication which allows replication of this plasmid in E. coli, and

- a B-lactamase gene which confers ampicillin resistance in E. coli.

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

- unique restriction site(s) at the 5’ end
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Germany). DNA and protein sequence anal ysis and
uence data managenent The GCG s (Genetics

ut er
WO@@(P@OZS%m son, Wsconsin) software package V@F&E@)‘Hmmmm

2 and Infomax's Vector NTI Advance suite version
8. O was used for sequence crgation, mapping, analysis,
annotation and illustration. Expression vectors For
the expression of the described antibodi es variants of
exhe evmpdiatesady anhpnceiand pramatenfrom ihe buspp prtomegaloyigus,
HEK293 EBNA or HEK293-F) cells based either on a cDNA
QUEGRI Ay AR IM&@A%e%cé [H the Rasd B EIRMADIGA oPFan@/atian,
genom c organi zation with a CW pronoter were applied.
Besi de the anti body_ expressi gn cassette the vectors
c @it anyagslated gegion Py hugpn F’éﬁﬁll’(? #P®n which al | ows

replication of this plasmd in E coli, and - a
h-aligfrh @Bassb ulianRaWhilaih S8l eéueardi ci | lin resistance
in E. coli. The transcription unit of the antibody

gepe, i s co dof h foIIovmn el enent s: [
7 hs pren gRUGH ey Gnfon o5 Wit formeinant hineg] St dagPA or
%@ ?éﬂtﬁﬁfc (ﬁﬁ%li&h@ﬁ&tlﬂf arf thefibrhiédglotatin @x«bmﬁf&g@i oigatilastion

ol lowed by the Intron A sequence in the case of t he

cDNA or tion, a 5 -yntransl ate aon_ o
hli‘n3aHn %P?q 39%%@“}‘apalyaﬁwﬁ%&“&b%ﬂaf??qﬁg%‘i‘fya‘b ain
signal sequence, - the human anti body chain (w |l dtype
crunijidrestoictbmsiexOhanige) eadt her as cDNA or as genom c
organi zation with an the i munogl obulin exon-intron

organl zation - a 3' untranslated region with a
pdefasien gfsm|cgmpsl|sg:gahe desquiberbantibeds chalgﬁascﬂpécrlbed below were

Lg%ﬁ&r:alfegltﬁ pCﬁ' atnﬁ((ﬁ) geRb grllf'tﬁeés afdGsserhBRAIWish RRo@8 8SmMbinant

] escrlbed ant i y ch |ns as .descri bed

bee @ﬁmcgtegbwepa%%cwem E&‘F&Fcﬁ fﬁ%% SCERRS <&
aAsHRYTh f Sy idhigde Ngtﬁttﬂéﬂ%‘ﬂ@s frﬁﬂﬁﬁ’%}ﬁﬁiﬂ\te Wﬁetdiﬁdﬂdeamlﬁcloned nucleic acid
t echni ques C ct of the acgordi u

gg@lﬁféﬁg% Wgreg\//erugq%ngy L}%ﬁ&u%eqfug%%mg C}t‘c(fl' %a nqstg?x}]sf?cﬂggé (iiar ger
rempades ofahe platmlcts wéfh tprep.atndl bm[d@lsrmdqbrepara@@i ttom transformed

enci ng. For
fﬁgﬁ@?gn e aﬁcs! | ons wqarlggbé?ﬁ%gﬁf ities of the

pl asm ds were prepared by plasm d preparation from
teedhadeweteghmquen| i cul tures (Nucl eobond AX,

Macherey-Nagel ). Cell culture techni ques

Standard cell culture techniques were used as described in Current Protocols in Cell

Biology (2000), Bonifacino, J.S., Dasso, M., Harford, J.B., Lippincott-Schwartz, J.
and Yamada, K.M. (eds.), John Wiley & Sons, Inc.

Bispecific antibodies were expressed by transient co-transfection of the respective
expression plasmids in adherently growing HEK293-EBNA or in HEK29-F cells

growing in suspension as described below.
Transient transfections in HEK293-EBNA system

Bispecific antibodies were expressed by transient co-transfection of the respective
expression plasmids (e.g. encoding the heavy and modified heavy chain, as well as
the corresponding light and modified light chain) in adherently growing HEK293-
EBNA cells (human embryonic kidney cell line 293 expressing Epstein-Barr-Virus
nuclear antigen; American type culture collection deposit number ATCC # CRL-
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Standard cell culture techniques were used as
described in Current Protocols in Cell Biol o% ;E )
T/EP2008/010703

WORHK 8% no, J.S., Dasso, M, Harford, J.B.,

Li ppi ncott-Schwartz, J. and Yamada, K M (eds.), John
Wl ey &Sons, Inc. Bispecifig7antibodies were expressed
by transient co-transfection of the respective
expression plasmids in adherently grow ng HEK293- EBNA

96H852N LEEK29-18¥ ehilkisated QHVID’MEM (BUlBP&DSI BBdified dRg msu hedtum,

Biacosemylemspien ot 00F SR LaRTeL 36T % 2 ST o

Q%Mzﬂﬂﬁn@ecclma) ofantlhesm eﬁgfﬁﬂt Geaetivipr 6Gibicon  pbastmamkéection

EERANEER B0 Ageiag SR | oghggﬁdl&gﬁq S ERGPas REd in o
cita of FuGENﬁﬁ‘érreergEhy(/glb dw DYy HE&Q@@A EBNASHE frgm( Prdintant:1
b8 n\!vgair( ecf: ¢idm | th@ereg%étl@ex @[a@ﬁdlsngsmg a molar ratio of

E St elrn US nucl ear

Ane
émIOtiLﬁfé sl weléprsh lightskaip W@n’lé%%’] Ahain %z'we% %gzmlds of 1:1
E uim3R?) Aahingdrbrhivatosd],irBspebiiMy Delldweredededudidy B dith L-

e RS PR TR, Ao, b
(:@nbﬁﬁx)g (ﬁndaﬂﬁﬁe naypetnaGenetwere rha@'@staadofronFoiray 5 to 11 after
Ha fgctf‘“ b OQenﬁu%ﬁ’é'E&+ E}.d %me? gz%eé' egné?ﬁqg?d}%naGIBHQGgardlng

I OC
Ft:luKSEde(ltbm)ameeageanlOIQ mf)hwramn@ﬁggloblﬁhrzp m ¢-BahgKAg3 cells is

w%mu% ﬁemef ‘Pl al PRSI Wb g0 e 7L 203m t he
espectlve pl'asm ds using a nolar ratio of (nodified

%Qnéi\é ?f%ltd)ﬁahtmﬁh@am: ggedheavy chain encodi ng

pl asm (equinolar) ranging from1:2 to 2:1,
respectlvely Cells were feeded at day 3. with

IBi$pgeifiai andibadiea wave generdbsgeb Y graélﬁlg]lt érﬁlaszMn[ ef BE%]respectlve
13R6ad k. %t @Héd(ﬁ%j)ﬁh@%ﬁ@ rdhﬂgm@)aiﬂedch'éawr&lam, as well as the

uper natafits were harvested fromday 5 to
teppnssoadingotighty andnmoditiehtlisdh %H’)SPSPEdth&t *&2{?@@’ system

W@éen' rﬁfc&yr | @Nthe GHAT A AGreR EndtREBOR! Bﬂ@ﬂly, HEK293-F cells
expr essi on of human i mmuno Iobullns |

dEhvigogen) GreMaingiin SUIPSNEQR & herpn agshakg Hasig]rdp éc*ﬁlﬁ@a fermenter
%&%%ﬁe%sﬁréé’s@)qgk%;%rgsg%n JE&Bﬁi (@H\htrbgé}{)&fr&@ tlaQfectbdwith a

system Bi specific antl bodi es were generated
byucwfaths ifum exprespien adasnuds and eRteqtinsoretestin Enytaegenys For 2 L

sﬁfnl% EIN %ﬁgfm%)t}tﬂﬁKf%aF)éelﬁ%rm%d £ ey OPf' BETb cel¥mL in

(‘ﬂ@QII}’qI;Jl imcti; insgbatad az%g:\gnn% L}E}z;;;ﬁg Slmn:fge:rglb;gellls Iwgelpe transfected
ﬁ%&%@ 'dggs té;q?ft e Weﬁ%m §lth Tal AShLURE STR) By in@fd)p{m MEM

&I nvit rog](9 growi ng in suspensio
dilntiopgém witk AR aLg fasalkp ?mlanalf’st(?MgéfaL? éP?Féh{l%rthe heavy or

modified heavy chain, respectively and the corresponding light chain in an
equimolar ratio and B) 20 ml Opti-MEM + 1.2 mL 293 fectin or fectin (2 pl/mL).
According to the glucose consumption glucose solution was added during the
course of the fermentation. The supernatant containing the secreted antibody was
harvested after 5-10 days and antibodies were either directly purified from the

supernatant or the supernatant was frozen and stored.

Protein determination
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in serunfree FreeStyle 293 expression nedi um

WO‘(gvlnwtrogen) were transfected wwth a m x of the

f
8L on pl asni ds and 293fectin or fectin PCT/EP2008/010703
(I'nvitrogen). For 2 L shake flask (Corning) HEK293-F
cells were seeded at a densijg.of 1.0E*6 cells/nL in
600 nL and incubated at 120 rpm 8% CO2. The day after
the cells were transfected at a cell density of ca.

T ht'é r%&ﬁﬂ?&(&n@éﬂ%ati@ntctf puified Znﬂbodﬁs)(atrﬂtf deiﬁ)vatZ\Qs Was determined by
i - nvitr ot a
oteGHDE She Gthtise SR RelR) o TBaneh ke By PO fetinction

rcesﬁﬁeleht sabdufataddn tthe bagiy ofethp andnmgcillisgditenchradaording am Pace et
u]{’n?eu?garr%el ?99%”% 2%)1 .21Q 5‘1 Opti-MEM + 1.2 L 293
fet P> :

nor tectim™ According to the glucose
consunption glucose solution was added during the
douibody epnaentratien determinasion irgepesnganptsat ant cont ai ni ng
the secreted anti body was harvested after 5-10 days
dig conceitadioasofntibagiastand dgrivativesyinpielli qultage fupainatpats was

2BRLRAAN *rmﬂﬁn%;k}%a HRESDA@ADror@s A I heget BéHﬂisS(R%El%lJ 60 pL

rotein ter e proteln concentration of

Bupteirn Ad\garnst beasisase 'etmﬁled élnieq ity &5 TRENRASHEP mMelyisopH 7.5,
Cigb %ﬁm QAY 1$/ohﬁ09i%{ pap). @sefehhym(y@) 1%@&@ dWurdiSigesnatant

e nolar extinction coefficient ‘calculated on the
beese spplfedt teetha Protsiradi Agasesgreadepreceaildiragd in Tﬁ%%c@?é@ After

FheubabbRTS & 155 LEMA t t? atufe tebkddsldérs: waAHEd Qﬁ’ d¥ Ultrafree-

concentration determ nation I n supernatants
A cdrer reaturom (4Mmieon]i grogi with QrﬁdﬂﬂeTBSréﬁHmewlﬁﬁ “@@I ¢-5 mL 2x

Cp oS a8 GURGED IR @xpﬁﬁ I@é&l‘eﬁ%@gnpﬂ' four times with 0.5 mL 100

oprecipitation wmth Proteln A Agarose-beads
rmbﬂeaatraa@ pH_S,Q’rEledwarAIbﬂéams slutedblisaddidongl he gl NuPAGE®

@&e&n&é}gﬁg ggﬁgtﬁgfip ga%g%% %—e{rﬁl@e vsﬂtlcgmﬁmea E§~QtHTMuPAGE®
Siaftple Be@lqm Agendrar rtmracbmed,e@snestwane amddte@tqd fqr 10 min at
AYAE! 086n ﬁf’i‘@ﬁ}yp %esoe&lh%éeb{p%th@éi th QnTP%%%QPAéEb%s Tris SDS-

| ncuba om tenperat ure

VRAGE v(/hs;\h@dgm) (avithUM©OES rtadter Nox fnomtl@du@,fdl &Hﬁ F(A@ﬂi @@d] MES
ol additive vitrogen) for
u‘f‘Fér %{tlt;' 18 ?f;@% BRti Nﬁﬁgnt( f%@ég\l\k& C%re Qdifih 2()fne % ) fi

ered sal i ne and br
fredmceﬂusaiaésPMEharm ﬁamdm(ﬁfmmsmmueat e pH 5,0. Bound
antlbody was el uted by addition of 35 mM NuPACGE(r) LDS

npl e Buffer (InV|trogen) Hal f, of the s | e was
Disbsamsentiatian RupHdgdiss asidhavagenio ;@ s«@@f SHperpgippts was

aﬁ@itdi@l@ély r’ﬁ&ﬁﬁ&@t by @fﬁnltyammﬁeahleﬂﬁt@g’raﬂl@ rBﬂibﬂa)rt cell culture
atpsae) ereine saernd AEACRBRLUE i RC ek h were
tipblied t6 an Applied dosye@nEIBPAGE G oduiBESn 200 mM KH2PO4, 100
mM sodium citrate, pH 7.4 and eluted from the matrix with 200 mM NaCl, 100
mM citric acid, pH 2,5 on an Agilent HPLC 1100 system. The eluted protein was
quantified by UV absorbance and integration of peak areas. A purified standard
IgG1 antibody served as a standard.

Alternatively, the concentration of antibodies and derivatives in cell culture
supernatants was measured by Sandwich-IgG-ELISA. Briefly, StreptaWell High
Bind Strepatavidin A-96 well microtiter plates (Roche) were coated with 100
pL/well biotinylated anti-human IgG capture molecule F(ab’)2<h-Fcy> BI

(Dianova) at 0.1 pg/mL for 1 h at room temperature or alternatively over night at
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buffer with NuPAGE(r) Antioxidant running buffer
additive (Invitrogen) for reduced SDS-PAGE) and

WOZPR{MEI2wi t h Coonmssi e Blue. The concentrat i §FTF2008/010703

anti bodi es and derivatives in cell culture

supernatants was quantitativgly nmeasured by affinity
HPLC chr omat ography. Briefly, cell culture

supernatants contai ni ng anti bodi es and derivatives
ub@tanldi subhséqeMpvweisitedAthweé eindgapvitk @00 quiaweINHBS, @h5% Tween

j . P A/.20 umm i n .200 P4, 0O nmM .
SRS HEMR) DR eI 05 S il e BN KRR of 10 wfFetive
20Gbody ddaClining@ell nthltlubtsupe:rnatahd;,wqcs_}dddecstcotheavellggpdi @rubated
W‘E%JHLQ% atiRES pﬂ?g sighdt %o%‘r?te%e&ﬁm%. GRNLIE Wefe R¥shed

absor bance andrint egration o peak areas. A

dlaret fimeay vaitha At bl well BS&nend baynd entieaslyasasadetecieiwith. 100 pl

AL RAFIMOD (D¥hov@NSE0N 3T hehs etedibh RAHLESy ARA-2 h on a
derivatives ‘1 cell culture super{}aéant was .maasu,Leg
Fl %IE H iy was

BYicrosiierriatn 5 B |T8RM fHmpgrptyire.g efeciipRy RO

Slaklegded vy tﬁi’d& ti‘hn&GA/rME 20O pi/weﬂtHHlS&TanﬁJ tae BSu(rl]a?deﬂaet)on/\aftﬂ)ody

coated wi,th 100.n i Qi t anti - hunman, |

R BP0 uy BT 5B AON T dpsBince ws
fotmédbon 3 Tiecat Flnoobpdcanpeteatatr enc@suraimest wavdlangthyof 405 nm

vy
8L ey eBh s B8 pdubsequent |y washed three tines
SiefrefsdihveRheth BBEY 0”089 Tween (PBST, Sigmm) . 100

ni/ wel | ‘%ca dilution series in PBS (Sigm) of the
PEQUSHERYRCaiAni body containing cell culture

supernatants was added to the wells and incu?at,ed for
Protems gyere pHiifed from Elrtfﬂegtce“ SWaNE supsrnpigp referring to standard

SHPRESIA I Kt ief, [IRIbOBIC SverehsplivasBadP iR A bégMsosdichbiimn (GE
00 mL/ wel | PgiT¢and bound ‘anti body_was det echfd W th
ﬁ €

hodlthepreraag: washrt Wig-BBD Flutianovfagritibodiss asgiceved at pH 2.8
dsiiRedd 89 dithbhodyndffalidatio ofnthe Ahdlot Abgepltad rotein was

shaker _at room tenperature. Unbound detection anti body
werarytad Fem mpagmenF astibodigsdymaersxolggonchiganatogaphy egperdex

bbe, GeundadthR9tinOPBRN RPdy WRF Hish@RE.eIsPMMANatl PH 6.0.
of 100 nL ABTS/wel|l. Determ nation of absorbance was
Plorsperisdansibody TeackiAnF st Pepledtsoppeteatedhif rgquired using e.g. a

MEAI WORENAmI@HE IR (B0 OMWED ) NEBnti RS eA@nWaNe! &09¢M and
492 nm). Protein purification Proteins were purifie

d
srosed #4120 er-80eF) Patipt thesamplss meis Ripvided dpribisegyieppprotein

Shapdar dnB QhaGQdas . cHatad¥ériAtion a@.;;i hdigss-PRGE, aRl | &Elusion
to a Protein A Sepharose colum (GEheal thcare) and
wheteioghaphy PRDASSEPERTURets- ant i bodi es was achi eved at

pH 2.8 foll owed by inmedi ate neutralization of the
SS%@%EGEAggr egated protein was

The NuPAGE® Pre-Cast gel system (Invitrogen) was used according to the
manufacturer’s instruction. In particular, 10% or 4-12% NuPAGE® Novex® Bis-
TRIS Pre-Cast gels (pH 6.4) and a NuPAGE® MES (reduced gels, with NuPAGE®
Antioxidant running buffer additive) or MOPS (non-reduced gels) running buffer

was used.
Analytical size exclusion chromatography

Size exclusion chromatography for the determination of the aggregation and
oligomeric state of antibodies was performed by HPLC chromatography. Briefly,
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separ ated from nononeric anti bodi es by size excl usi on
hr omat ogr aphy (Superdex 200, CGE Heal t hcare)

WOZH‘”’Q@"%&A Hi stidine, 150 nM NaCl pH 6. 0. anoHEF‘ESZ"“s’“l“m

anti body fractions were pool ed, concentrated if

required using e.g. a MLLIPSRE Amicon Utra (30 MACO
centrifugal concentrator, frozen and stored at -200C

or -800C. Part of the sanples were provided for

PHOSROA PUkifiBd ah@bdtiénadry hpplisedand Badah YItSKgal G3000SW column in

g MS% Wﬁgﬁ@@?y@@epm 52 S RS AR HPLC 1100

rrt)a zPISep@ds:t 20@ kolsyrst €GE (Healthtarogen} m@BSused Dionex

r cti, 0 I

B -Shitp: “incelBg hBGH BhosaudtigeChy S?VB.%.SOW and
ﬁantegx@agn Cgfeﬂ’egk(q@@@%BXQRadn@elaFlNWN@E@WPdNE PraMiceerved as a
gdeh8ardM th NUPAGE(r) Antioxidant running buffer
additive) or MOPS (non-reduced gels) running buffer
gﬁs used. Anal ytical size exclusion chromatography

358 SRSEHIOMEYHh chr omat ography for the determ nation of
t he aggregation and oligoneric state of antibodi es was
Mef eutale deflycddfla@dc mmsasfographyr dtibefliey, Paotdetarméned and

B O RO S Sy BTSN B i

Pu@ﬁsfh aaribpdies sire SrXcontoedsyith ekl N olacasisfset BciPNy CaseF,

Z E}quldﬁmimmpm K 7RBS 7@ fer PL-0B8Xat a protein
-System_ Th

e_el ut rotein tif
SBSERICE O5HB 7 AR fritapg ﬁulafﬁqlpf@% dgshlied Viaéligg&d’%é;#\éphadex
i a5t doRirh A NG Etbdatthcdde )l The h2Qd ofBe vBHeaive aemyamddfgﬁt chains was
(Ifﬁgeigxixgglfb ]g%le%lg &Iftg hge Octoaléz%tleorn?nan}ré]lgroaé{ct & egn gxag’fs 5(9 p% antibody
éh edt5r pks presy inawbatedt Wish 6fagk 18pe diGEhrend ;50( BEB- NS)Guamdme-
?Igﬁ JchYori le%@“lg)‘ H%s%ﬁe?nltﬂegagil ©3as¥GhE the sz)ilisngf the reduced

ycosY ate COS|dase
1

@‘z&ym‘; ighit qlwwxdgmmké SI-MS o atQFter Elite s system

ufphed wath ANRENIBleRoGRECENt T At | on of up to 2 ng/m
and "subsequent|ly desalted via HPLC on a Sephadex &5

L.u .Heal e). The mass of the respective
1 ns was determined by ESI-Ms after
ditgl yiadingl piapertieared the gentraed. anitibotlics efere S@lngged in an ELISA

a &%ﬁy et Ttr ar %h h UibrGflisHakd Whel Sefacellular
do(iam oﬁGF ﬁ%ﬁsmues 1 46}% gfmp:ilmg t}i%enatural leader sequence and the
LI-cysteine rich-12 domains of the human IGF-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 SEQ ID NO: 12. StreptaWell High Bind
Strepatavidin A-96 well microtiter plates (Roche) were coated with 100 pL/well cell
culture supernatant containing soluble IGF-1R-ECD-SBP fusion protein over night
at 4°C and washed three times with 200 pL/well PBS, 0.05% Tween (PBST, Sigma).
Subsequently, 100 uL/well of a dilution series of the respective antibody and as a
reference wildtype <IGF-1R> antibody in PBS (Sigma) including 1% BSA (fraction
V, Roche) was added to the wells and incubated for 1-2 h on a microtiterplate
shaker at room temperature. For the dilution series the same amount of purified

antibody were applied to the wells. The wells were washed three times with 200
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subsequently desalted. The total mass and the nass of
the reduced heavy and |ight chains was detern ned v

WOI%%QS'% on a Q Star Elite M5 system equi pped W?WP%\OOS/OIMM

NanoMat e source. |1 GF- IR ECD bi ndi ng ELI SA The bi ndi ng
properties of the generated. gniibodies were eval uated
in an ELI SA assay with the I G-IR extracellular domain
(ECD). For this sake the extracellular domain of

LWEFwdIR PBETI diiRls Boxﬁﬁﬂ) aﬁﬁH@d sivag tdeecredt uwah |WadenL/well

%uﬂ)aﬁ@&ﬁ%légﬁ /I%]I“ g{'%(f@) ghgatecr{?oanc%ntl gﬁ}'] for 1-2
ﬂuOort henivbd(ﬁenplzﬂé s]adker att%lﬂn tehperattre aUnboumbdgteﬂume@htlbody

E%; %wa% qgl}ee '_t| %tﬁpi(ﬁ)v E%‘NAg W Db B g4 ﬁp tb'o@ﬁdt@éi’ectlon

one vect or erlva I ve

andb@d)aMSemtwedam addision At HBRoDBRABEMwell. Fsermination of

Qﬁﬁrgé&esﬁg@ggﬁ §rrRdd bhea |1@Eaxﬂ R’iﬂrss BoBfdRr 8t 9i Meibukdment
Strept aVel St repat avi di n

A@a%‘evghl(’fﬂ%?@t(ﬁfé‘ie"ﬁ?‘é{?\é%e"(g%b fere coated with

100 nmi/well cell culture supernatant containing

JGIFulR ECD®iaddre ECD- SBP f usi on protein over night at 4C

and washed three tinmes with 200 ni/well PBS, 0.05%

Tween (PBST, Sigma). Subsequently, 100 ni/well of a
series e.re ectlv d as

tio [
Hindihi AEuR GGt dankeaes /R gk kel s Alefigatea by
|sﬁff|a¢tdp]lﬁgn6ﬂ/or%ﬁaﬁcfer asihg mBLAC(R&EHEDOOV\mStradIdad (6B Hedthcare
S an uba a roti terplat
aneircin AP Prpar el Friofyr Re R fiebeh BBy Rionr-ans:-
tHb&nsIarrgGamRu m9 O(DS DQB Iaﬁtlb@iilemt/vletbodymﬂbﬂleechppl i &M5 ghip via
F;h oF i haga ceni B n"“idéﬁH ECD-Fc
mww Ing RGP SRR Ah D SS;FS REUN AR B
pedl Bindidg Waahehdsbdin GHIXODuffé @-hBﬁ/—B)(lﬂth HEPFSML50 mM

IR b B Pk 1 B s i v

#el) oRa saﬁﬂdiélbdij watousashednaiyhst h’[ eelutiome sAssbtilition was

d%é)aéglt_elg yw I d]r]% ﬁgﬂ) %fheecﬁ_lgguﬂgO det m?rmtes, 8IS¥OCI ation was
Dﬁéaeﬁmdrb@twashmcgfthablﬁp rsbﬁfﬁl@GMﬂaHHSEHufffaf fmds om muili&e&aand aKD
FHU gect r o%r at a]h peasur e ‘iﬁ wavel th tof ? din
ARYEr Whe PR A8 eh df 'h LA, DInqIag. rf‘ﬁd ug; (Qclgwg foading
ﬁleﬁﬁt}n@n@fcabhﬂlr@eﬁeﬂabiédl(amlmodmﬁ‘;‘od\@ momaaléGFIGIRIR ECD
CD,was al in ated b urface pl.asnon resona
TUFdHGE 81 ing e h co T ettt (8 pEIR et b Were ubifacted
Eﬂ&ﬁ%hﬂfo&e@ﬁ& forRpaatiton SedeR) intBhsiebhselint dfrift and for noise
asflgfnla reduction. B Eaeccr)rgmf?ooe%%aluaégn Software version 1.1.1 was used for

analysis of sensorgrams and for calculation of affinity data. Figure 11 shows a

scheme of the Biacore assay.
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Hurran IgG JI R 109- 005- 098 anti bodi es were i mobilized
chip via am ne coupling for presentation

f
WOtZH‘E’/‘)ﬁWlSFbodl es agai nst human | GF- 1 R ECD- Fc t R§§&g2008/010703

Bi ndi ng was neasured in HBS buffer (HBS-P (10 niV
HEPES, 150 nmM NaCl, 0.005% Tyeen 20, ph 7.4), 25C

| G~-1R ECD (R&D Systens or in house purified) was
added in various concentrations in solution.

/gg&ggieaui on was neasured by an G~ 1R ECD i njection of
80 seconds to 3 mnutes; dissociation was neasured by

lt | n. her Chl 2 Surf{c%fion W§ Ondi r EOS of ;nOJHO%efléCO, b1valent

,‘c‘_@ L%ér% reﬂra h@%z@ ntmta emaﬁpcv .ent

- al ne gative conirol data
ge. g. buffer curves) vvere subtracted from sanpl e

r correction of systemintrinsic baseline
drift and for noise signal reduction. Biacore Tl QOO
Bt habf B8 esredsivar Hlastrids f@thd mibnbspeaificuisiealefitod IGE-1R> VL-

| ysis of ensorgrans and for cal cul ati on of

3&%#%&?936%%§L—¥|gure 11 shows a schene of the Biacore
assay. Exanpl es 1 Production, expression, purification

dibe seqpeemaest for theatdapy and hgh)tmijlgpemrfablg dasnains efithe monospecific,
f)lnggerné F?Ig%“gféggd%} o ﬁﬁ% ! et Ripeay f?lmu%hr%g'ﬂﬁé R&spYhivdNRader

revi ate as

seqyengredlenaribgrl in Kiih gFgRPIa AL {%Hﬁs o & fpman %G%aﬁ’r%@“tlbody
Peadynehax RSEQSIPN@! B mdfmz»tmecmqe;mem)f ared a light chain

?Eﬁ@ Iﬁéma%ﬂ%%dﬁggﬁtﬁéﬁ;ﬂ%%aﬁb LS Oé&l ns 0?5‘{%2&%635

rmdotheebéavi candbiligll eldin <¢dBtabRdoviiaivHaex cleeinggke from a human

ankihg C?ﬁi%wﬁé#%dquf‘e respective | eader sequences

escri exanple are derl ved froma human

<| G-- 1R> anti body heavy chain le D NO, 1, plasm % )

Fdepepeiscganterndodingity GH- b‘ﬁ% aphbedy (eagwy Seaauee light chain

%gg% goﬂ&ﬂ?(mﬁadﬁﬂe%a@h @ Fhélﬁ&@nikqtﬁr_lﬁ/m)mam 1 (CH1) were
e i ght i n_const.ant :

Gomer 00 rer oy et oo e A2 icbolk BrERRapptagy ghain

lcgGbtant dov@aige mﬂlﬁﬁgﬂjﬁm@H&h cflﬁﬂlzl DYy At tm:lin:g G- tthespectwe fusion

bod Iea e

(R/Eﬂem b uuﬂgqﬁuman eaai'/n ecqgatligg{%lgn ant hQQ}L d(glm 'U’H VL

vesclmnge) wmjg@nchtéde)egerte@Ytlﬂ@SIS'an@Fﬁddftmptqdh*éICFFcIBB *** (SEQ

9D N YTRNLY bndeRyY HGhaly) the VL-CH1 domains were fused thh a

slightly different sequence (SEQ ID NO: 3 ); due to the reduced expression yields of

this connection, SEQ10 that shows expression yields comparable to wildtype

antibodies, was chosen.

The gene segments for the <IGF-1R> antibody leader sequence, heavy chain
variable domain (VH) and the human light chain constant domain (CL) were
joined as independent chain. The DNA coding for the respective fusion protein
resulting from the exchange of the VL domain by the VH domain (VL-VH
exchange) was generated by gene synthesis and is denoted <IGF-1R> LC*** (Heavy
Chain***) (SEQ ID NO: 11) in the following. Initially, the VH-CL domains were
fused with a slightly different sequence (SEQ ID NO: 4); due to the reduced
expression yields of this connection, SEQ ID NO: 11 that shows expression yields

comparable to wildtype antibodies was chosen.
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constant domai ns (H nge-CH2-CH3). The DNA coding for
t he resgective fusion protein resulting fromthe

of the VH domain by the VL donain (‘!%:I-T@II_)ZOOS/O10703
exchange) was generated by gene synthesis and is
denoted <IG~-1R> HC (SEQ IDNQ 10) in the foll ow ng.
Initially, the VL-CH donains were fused with a
slightly different sequence (SEQID NGO 3 ); due to
Fhgiré deﬁcﬁdiiibé@rdes&bwrh yéhehthsic ofiew hifsthe oproedi i sequence of the
SEQ. h expr.essi on yi el ds co t bk 1;
\Rﬁ‘?gd?%éﬁtéﬁﬁ \Q%Ces, Be\ﬁavg Cgﬁl SEN. ﬁ"?ﬁréoé}glgéqggghle% LCHorlight
than<l G- 1R> anti body | eader sequence, heavy chain
vari abl e domain (VH) and the human |ight chain

i ; eV [ .chai n.

T S Al S g
resulting fromthe exchange of the VL domain by the VH
Yorior RUGHG dGEHdhge) was generated by gene
synthesis and is denoted <l G- 1R> LC (Heavy Chai n***)
(VREQr [P ANBIC*1)IGEAI R feari expressiomgpladmiidt é.@l foy trahkient\p@ission

domai.n re fus | a sl i;ght ky-.di nt. se .
PR B Rant TR R SR eXF%IZIE& %ﬁf’y?%ﬁe%@?eswn
ohssetid; svidoGNBE ntoon ASEQHEKXK290: (EBNA)Heatls ehfasstable expression in
@%%ﬁﬁé.on yi el ds conparable to w |l dtype anti bodi es

was chosen. Figure 5 and Figure 6 show a schematic view

of the protein sequence of the nodified <IG--1R> HC
Hesidy el GF-ARa Hbe ™ rspreptien cassete thigyerter cogtnse hai n.

In the follow ng the respective expression vectors are
braneddigin ddseplidacion fives e vetls- pIOC18 whidh dlRwseeplication of this
PUC-HC **- 1 GF- I R is an expression plasmd e.g. for
tpbégﬁg'_ﬁlhta Cé’gg %Cgsi on of a VL-VH exchange <I G- 1R>

heavy chain HC*** (cDNA organi zed expression cassette;
wiatfhlaonmase gensrwliyh confemrpgscillingriytardelin & epli-f or

stabl e expression in CHO cells. Beside the <I G- 1R>

HEe " trarRURS RIS QIR of BRSEIGTR IRBIISCYE GleRE isCMRISBE of theBdllowing
origin of replication fromthe vector pUCL8 which
SIS r eplication of this plasnid in E. coli, and - a

b-1 act amase gene which confers anpicillin resistance
i-nh&EAsd @bstrictidresiteraatiecy ieptli on unit of the <l G- 1R>

HC*** gene is conposed of the foll ow ng el enents:

- 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,

- the human <IGF-1R> mature HC*** chain encoding a fusion of the human heavy
chain variable domain (VH) and the human kappa-light chain constant domain
(CL) fused to the 5’-end of the Fc domains of the human y1-heavy chain constant
domains (Hinge-CH2-CH3).

- a 3’ untranslated region with a polyadenylation signal sequence, and

- the restriction site SgrAl at the 3’-end.
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- the Ascl restriction site at the 5 -end - the
i mredi ate early enhancer and pronoter fromthe

WOYPIRFAl ovirus, - followed by the Intron A §€E@§H@&“WWB

- a b -untranslated region of a human anti body gene,

a i mmunogl obulin |ight chaimgignal sequence, - the

human <I G- 1R> mature HC*** chain encodi ng a fusion of

t he hunman heavy chain variable domain (VH) and the

Tl a&ﬂialpma;p' ghtthe vy chaiatanVLdoHaexchafge) <IGBa®R>t ¢1C*

t he end o o) of he .hu I ay.
EXRressiqn, ngtghtptl.(l;tg }i(?"n Sq?ﬁ ﬁg é]’_\éw E%ureg 7 Ttpl% Ahino acid
anfqlreacrsbﬁthedﬂ@glRm HETH (mcﬂ)(dlyg@hgngllsaqmemqe)s]s given in SEQ ID

;ﬁg and - the restriction site SgrAl at the
end The plasmd map of the heavy chain*** VL-VH
exchange <l G--1R> HC** expreSS|on vect or
LCE-IGF-IR shown in Figure 7. The amino acid
sequence of the <IG-1R> HC*** (including signa
SRAtH? CS**gi(YI@»mRilﬁarSE@rb&dﬁ@las’hﬂd e\efdraransient expression of
- C* * % " .
G50 Sihper I dRg. R i G e BN 258 gpepgession
\¢hssifite; ewdh@tvg\emrﬁmmx HEKRA3 (EBANA) delly or fqrebiile expression in
&E%?g:ﬁ ed expression cassette; wth CW-Intron A) in
5 (EBNA) cells or for stable expression in CHO
cells. Beside the <|G-1R> LC*** expression cassette
Bepide Phat BrF-ARAUAT s expressipngapsstts this vedor <at@ingn fr om
t he vector pUC18 mhlch allows replication of this
Pl Asstignid¥ rEphdéﬁbh froafidhe vétbr pUCI&masch giyws neplicition of this

nf ers qf ’ULIn resistance in E. coli. The
t‘ﬁﬁgéP?gt it of the <IGF-1R> LC*** gene is
conposed of the foll ow ng el enents: - the restrlctlon

siat{e 85888 Z¢nearhitineorfersampicillintresistamesdn &% eolear | y
enhancer and pronoter fromthe human cytonegal ovirus,

“THeQkd QUGS Y ubif 6 HRIIIGE- TR S 8AMENGRe is co%g)osed of the followmg
5'-untranslated region of a human anti body gene, -

W#WWHB@Iobulln heavy chai n signal sequence,

- the restriction site Sse8387I 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 heavy chain signal sequence,

- the human <IGF-1R> antibody mature LC*** chain encoding a fusion of the
human light chain variable domain (VL) and the human y1-heavy chain constant
domains (CH1).

- a 3’ untranslated region with a polyadenylation signal sequence, and
- the restriction sites Sall and Fsel at the 3’-end.

The plasmid map of the light chain*™* VL-VH exchange <IGF-1R> LC*™**

expression vector pUC-LC***-IGF-1R is shown in Figure 8. The amino acid



10

15

20

25

30

WOggaes

- the human <I GF-1R> anti body mature LC*** chain
encodi ng a fusion of the human |ight chain variab

?VL) and the human g | -heavy chain CBHE&%‘{OS/MWO?‘
domains (CH). - a 3" wuntranslated region with a
pol yadenyl ati on signal sequesse, and - the restriction
sites Sail and Fsel at the 3'-end. The plasm d nmap of
the light chain** VL-VH exchange <l G- 1R> LC**
SURURSS 0O thev €RIII R P WK €Y frichididg klghaISseqdmm) isrgiveinginr $£Q 1D
%\I T e am no aci dsequence of the <IG--1R> LC

1di ng signal sequence) is given in SEQ ID NO 11.
PI asm ds pUC-HC***-1 G-I R and pUC-LC***-| G-I R can be
BethiflopUCr A3 Te HEF-0R gl @ LES* 1-FahdReenibgrsecbfog transient or
s%?e g&zlﬁga&edﬁ@ ullzi%l\ﬁEﬁQ9§| FPEK?@ EBN% YEEHD cells &2 -vector

syste or comnp ative reasons

anttemodRPr wamPRFate |r%aﬁ9wthéw}dé&ee G NS ﬁpgtg%ﬁyas transiently
4& G b ﬂl@EuHRz;s&E@Jm@@GFZDR 8SEQ 4B4ROp TG 4843 -pUC-

iR B o NGO T sralBio o dor it DA EinPendion

I eveI s in transient expressions in HEK293 EBNA cells
tTheordeiGee d&hietdiiheresyqpresiondevaass tngentackpyessions in HEK293

Ic ﬁegleV%I%FAf@ ’HCSQF“%B( I%Isgl té ﬁé gb UBRed via Ascl,
‘g 8 e SU one

expressi on casset Vi a

§ger8tsslvqs %midtl?séIG%llRésLCﬁ*t*oexﬁ’h@S@FO"@Sﬁﬁtﬂe qavgbedqbpdoned via
%%ﬁsﬁém%ﬁﬁ{e@ int6 PR 100 JLIC-H@BNOHP XpedsSiR RectoPdhtaining
a ygronyC|ne resi stance gene as a selectable mar ker .
Fba%§ 3 F ht chaln transcription units can either
bénABE clegkal i o two i ndependent 4700- pUC- Hyg-Ori P
vectors for co transfection (2-vector system or they
carhygeorayanecksistance gane as @ wetertabld 6@slgdC- Hyg- Ori P vect or

( 1-vector system for subsequent transient or stable

V\\fgffrﬁf Jh Hts cgﬁlhhtrsﬁ‘s@n?ﬁéh“ UriROcAHE CltRES be Fs'ungﬂ&qe% into two

sho ['EWB basli c vector (2 P.
E;aémwéerrtsmoﬁm% -PRE Ye6I98S o8 cPiFans %P% Zgctor system) or

& -chR>belcdoddd et astee camimdi0 QYO@%PICE—QS@Q(IDIHB | R tord6l-vector
Th e < 1 R> fusion

getie %ﬁ}?ﬁ?‘g}eﬁbt‘f‘ﬂ e%s&rrf&#g% ch‘é?é‘&d%ﬂ‘cg’se il vectors
WigakieWhowh iplatiiid anpidf diybaservectas 4H9pEE-AriPh known
reconbi nant net hods and techni ques by connecti on of

t he accordi ng

Example 1B

Making of the monospecific, bivalent <IGF-1R> VL-VH exchange antibody

expression plasmids

The <IGF-1R> fusion genes (HC*** and LC*** fusion genes) comprising the
exchanged Fab sequences of the wildtype <IGF-1R> antibody were assembled with
known recombinant methods and techniques by connection of the according

nucleic acid segments.

The nucleic acid sequences encoding the IGF-1R HC*** and LC*** were each
synthesized by chemical synthesis and subsequently cloned into a pPCRScript
(Stratagene) based pGA4 cloning vector at Geneart (Regensburg, Germany). The
expression cassette encoding the IGF-1R HC*** was ligated into the respective E.
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nucl eic acid segnents. The nucleic acid sequences
encodi n? the G- IR HC*** and LC*** were each
zed by chenical synthesis and subseqB&hEPy008/010703
cloned into a pPCRScript (Stratagene) based pGAd
cloning vector at Geneart (Rggensburg, Germany). The
expressi on cassette encoding the 1G--IR HC*** was
ligated into the respective E.coli plasm d via Pvull
230 ﬁgﬁlﬁl via @S hITi a‘ﬁHlBiﬂgBII re@Bicti@s sites iredglting ihhie finaladector pUC-

L e _expresslt on vaveny
08.195“%?9?? ST GorHe epEp DS TR AP RIS FERAR L was
ligsteé Ginto/ eheé respettivepEasali clasinaid Pua | Bvudi dn$a$all1 restrlctlon sites

restric u iR
T

m@nv@rwefrc aerifigd IDNRNSe spasarsing For gransientaicetieblg prgnstections

ﬁr?@ u&r{tﬁ%f&cﬁieoPﬁsrlnﬁfsgﬁéreqw%%ﬂeﬂl 153 pﬂlfsnhﬂ fepasgtibslSfrom

we repare onfr anst or med
Erangfgrmed fi ¢ ‘r"é’}s,(t“( 3&%@8@?&‘? gé% lsrey ks gel )
Exanpl e 1C Transi ent expressi on of nonospecific,

kE'xH%lﬁltcl GF- 1R> VL- VH exchange anti body,
purification and confirmation of identity by mass

SRES t1e¥n g reysul%egprgph A 1ﬁ§ Ib%]&ﬁGVHRWEW%M%n e

cotranstectio of

HEK293.'F suspen5|on ceIIs'as descrfbed aﬁove The
RRE DR %{@Fawﬁm{ Qﬁﬂﬁﬁ@@@lﬁﬁbd’dy vials \eapef¥ed $ly Grantiat co-

RS BT T S e

qryuepaisiogr @phys dsailfediabgvas descri bed above. In brief,
t he <I G- 1R> VL-VH exchange anti body containing cell

|t u){p%esgycg &hd aste?rgge ?Hggtﬁhﬁgsbl?ﬂ{entt Lanphigst 'V‘?,nﬁHV‘@)fcﬁange

y cen tration and appl
tmtléwd’f owre pnrlﬁ\eﬂifrwra tmdsell salturgtsugerngaptnby Epotein A 'afinity

F&%&Q&@ a%}n eLtebildi a& Qdscbbd BB, uf b:gef, ¢HO <III®’F 1R> VL-VH
Na2HPO4,

A SORBIAAY OGBS ST EH B ACTRERHaRS T roppignt trdPifections
adie |clabfﬁ%ﬂll?f‘tebtfﬁﬁlgitlcfrﬂhlhcbﬁﬁfhtimyl dhdlapylied db anPwit¢inak #liTrap

gﬁ??%i%ye%% V“é‘\g%\%ﬁ@cirﬁg ﬂ@bragédd}n\‘l@l PE§ buffer (10 mM

m&nmu,ommuymmdmt mM NGl anid 257 imgv I@Cfil Pﬁ’e7§én§éﬁn@und
Xér%&n"l)’sosgm V\ZastT{)l!ltSwalP%S Q:ggff"l{)ra%ow bulffeR€lioWed by 0.1 M sodium

oteln was separated from_ non

ggre
it dufles p%ys ndl veabec,S1th g Bon FIUHED 6 RSNt agachieved with
Hooqath fR1EA crekiRe pie 2,8 301owidey igiraetiate dlettraliZa€ibn of the sample

I_v|$1ah t3i683r eh 'ris pq{ n91\6 l[;lclers H(ljl QaCtIOn. Rggregated protein was separated
from monomeric antibodies by size exclusion chromatography on a HiLoad 26/60
Superdex 200 prep grade column (GE Healthcare) in 20 mM Histidine, 150 mM
NaCl pH 6.0 and monomeric antibody fractions were subsequently concentrated
using a MILLIPORE Amicon Ultra-15 centrifugal concentrator. <IGF-1R> VL-VH
exchange antibody was frozen and stored at -20°C or -80°C. The integrity of the
<IGE-1R> VL-VH exchange antibody was analyzed by SDS-PAGE in the presence
and absence of a reducing agent and subsequent staining with Coomassie brilliant
blue as described above. Monomeric state of the <IGF-1R> VL-VH exchange
antibody was confirmed by analytical size exclusion chromatography. (Figure 12)

Characterized samples were provided for subsequent protein analytics and
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NaCl pH 6.0 and nononeric anti body fractions were
subsequently concentrated using a M LLI PORE Am con

WORPR9/0402535 centrifugal concentrator. <|GF- 1R>PGIEPRP08/010703

exchange anti body was frozen and stored at -200C or
-800C. The integrity of the 55 GF-1R> VL-VH exchange
anti body was anal yzed by SDS-PAGE in the presence and
absence of a reducing agent and subsequent st ai ni ng

Wit dfioRRI0 PR S Eterikition| 1 ESIt mabsi8pésrohes sy icopfirmadib\tRe theoretical

e st S5 e el LREEIRO S exchange

ahtipedyt ogr aphy. (Figure 12) Characterized sanples were
provi ded for subsequent protein analytics

%Qg¥ﬁn§ﬁjonal characterization. ESI nmass spectronetry

the theoretical nolecular mass of the
cosylatedA<|GF 1R> VL _H ex?h% ofs

W}@ Qfdhtah&%rﬁfboﬂ'g ROSPEGE- RECID b“ﬂll%ELIBﬁﬁndmléﬂo\ﬁH

exchange antk oby Inan 1G-IR E blndlng ELI SA and
.agore The bin r ti.es

e h R prateati ") PORPLSRRE hEPudl SRICTRECKL Mot exchange

avtibodyt erei evahnateEthsh BEISAyaspdyt With e I@IRthracellular domain

Zﬁ§ %E dLSlél’l tﬁggﬁ e the egt?i%gﬁ_lﬁpd@ﬁlgi‘ﬁeof 1GR1 K Besidues

€ ex acell resi dues
1- wzyomnnpmgéhmgatpr?é lwétemeapeméaaé rth%lelq%%%e Eiehy 17 fgmains

lolf 16 Bl @b A EGFLIRNectddd SRR fise S1bhd Bigaif l@mﬁrdlﬁ%:td the McKern et

ot oMy Dt AL 2B Byl o Tt RERL ROl QL B8 MB iR ing

pﬁdmage(lHlkiSBPSWaedbavd ihita alpiciN Afyvepept dedivatiegand transiently
e R e
ianeinnses ehoen céheodbtained |tRLIDR- ¢yree SBWedObat SIgFU&? Vi-VH
Se?@?}%%ﬁ%&{}ﬁw ﬁlﬁzcﬁ@galtahﬁrsﬂt)wg@ cGMbXI%bI%nﬁYiﬁﬁll[gtJﬁ@facterlstlcs

gﬁé»‘mﬁt%ﬁ@p@mbld&m?n F ant' BBy erSR fser i e Bethod and

ahud dpewded FhPRInTHi S8 lﬁgu@m?)l) body within the error of
the nmethod and t hus appeared fuIIy functlonal (Figure

e findi B
ﬂeﬁe ttﬂ‘léﬁ?gé‘s ﬁ’&i’f’—@ ?Iﬁrfr}egd la% i elgh %xa#r‘%ﬁ g&f’&- purified
Amgibgdies of t he IGF-IR binding properties of
nonospeci fic, bivalent |G- 1R> VLVH exchange anti body

kﬁ&aﬁﬁﬁgﬁgytlw | G- 1 R over-expressing 124 cells

0 oletely degh

Analysis of the IGF-1R binding properties of monospecific, bivalent IGF-1R> VL-
VH exchange antibody by FACS with IGF-1R over-expressing 124 cells

In order to confirm the binding activity of <IGF-1R> VL-VH exchange antibody to
the IGF-1R over-expressed on the surface of 124 cells (NIH3T3 cells expressing
recombinant human IGF-1R, Roche) is studied by FACS. Briefly, 5x10E5 124cells
per FACS tube are incubated with a dilution of purified <IGF-1R> VL-VH
exchange antibody and wildtype <IGF-1R> antibody as a reference and incubated
on ice for 1 h. Unbound antibody is washed away with 4 ml ice cold PBS (Gibco) +
2% FCS (Gibco). Subsequently, cells are centrifuged (5 min at 400 g) and bound
antibody is detected with F(ab‘)2 <hFcy>PE conjugate (Dianova) on ice for 1 h
protected from light. Unbound detection antibody is washed away with 4 ml ice
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WOgPOHEE2SEyr f ace of 124 cells (NIH3T3 cells ex

In order to confirmthe binding activity of <IGF-1R>

VL- VH exchange anti body to the |1 G--1R over-expressed
BE@/ggpqqé/omms

reconbi nant human I G--1 R, Roche) is studied by FACS.

Briefly, 5xICE5 |24cells persgACS tube are incubated

with a dilution of purified <l G--1R> VL-VH exchange

anti body and wi | dtype <I GF-1R> anti body as a reference

26id PBYCHRed BOS. Bubsehtdy, cdllshare Lififiizdd @5 tiih @Ld& g} Sesuspended

CEESyS “’%ﬁ?@?ea@emw SGERD ORI IRYed ofs FRGabur
4O CFAQS atehtd BT (B2 ichantyeli $0.060 eelle peniacquiki(iab).) Ruring the
T
hinding) et ckinding PRSIGFATSFYSE: Vléu@@bqra&enmtgbodaeaqu wildtype

UEFoFY héfraed aﬁéb&w t¢AGFIIR dre $5 REARIRGult Nin 39 QoaffArable,
nm. PBS and boun t@%l on nt| body is uant|f| ed on a

FoRsseHRIAY AeRsnden ’B“Saf( EPTEEEDCCR 10. 000

cells per acquisition). During the experi ment t he
Egamphi2ve i sotype controls are included to exclude
any unspecific binding events. Binding of <IG-1R>

conpar abl e, concentration dependent shift of nean
nce intensity. Exanples 2 Description of a
nonospeci fic, bival ent <ANGPT2> wi | dtype anti body

raand &tﬁéemé&s_&ga slhsrhide fa¢RE Bfeslogseciflcabivhldst £ HANGPTR>

m)]ﬁwﬁoec:l & bi val ent <ANGPT2> wi | dt ype anti body The

SEGOHEBLOPEY the heavy and |ight chain variable

domal ns of a nonospecific, bivalent ANGPT2 <ANGPT2>

Wihle egyencemnfor Ubd)heawycandjhgig chhim Yae@bbcqlqm@nﬁ ehdanonospecific,
C r

HERER @?@%%ﬁ@?gw VLILH@I dg 1ﬁElﬁd91% ﬂhﬁ%@sﬂe)&?&@ Rader

aeqqegms dessrihed gEch DX V)aYSeéférVPQe%owavb‘man *LaRRPr2>

%9&56(@54 cR4i ( Sﬁlgﬁlﬂ@y 6Ra6d h light c}ﬁt}ﬁ(STEQEHDEI@.m) described
S riv rom a nti bo appa_a
Ry 3@4%?4 2 T BB R CTURRR® AR Gorved

[#tcan AihtienaSBEMb b gSER | D NO 6) and
SBO6 pUC- LC- ANGPT2 (SEQ ID NO 7) that are anal ogous
taﬁﬁ%gsté’me%%gf Juﬁ?o%d:gnw%éq CloREEY mygla%m kBodpUC-HC-

rative reaso or co-ex

e%lﬂ)@PTBréﬁE@ IPSNO: 6% anpISB0GPUGEC- “ANGPT2 (SEQ ID NO: 7) that are

analogous to the vectors described in the previous example 1A.

For comparative reasons and for co-expression experiments (see example 3) the
wildtype <ANGPT2> antibody was transiently (co-) expressed from plasmids
SB04-pUC-HC-ANGPT?2 and SB06-pUC-LC-ANGPT2.

Example 2B

Making of the monospecific, bivalent <KANGPT2> wildtype antibody expression
plasmids

The nucleic acid sequences encoding the ANGPT2> HC and LC were each
synthesized by chemical synthesis and subsequently cloned into a pPCRScript
(Stratagene) based pGA4 cloning vector at Geneart (Regensburg, Germany). The
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wi | dt ype <ANGPT2> anti body was transiently (co-)

WO%égressed from pl asm ds SB04- pUC- HC- ANGPT2 and

B3O LC- ANGPT2. Exanpl e 2B Making of t hePCT/EP2008/010703
nonospeci fic, bival ent <ANGPT2> wi | dtype anti body
expressi on pI asm ds The nuclgjc acid sequences
encodi ng the ANGPT2> HC and LC were each synthesi zed
by chem cal synthesis and subsequently cloned into a
@ﬁﬁ%@%ﬂ BissetBtenaddigg ney) < ANSGRT2pGAC wdsadvried inectherrespiective E.

GhE STt praTin s SRR VR sng BOEPHECRNER 157 BR b Fession

rcespec tncodirg, the gkipepliwesAANGPdRd kG mgs iclongd éntpoj the |respective E.
6fi 33 dﬁsnﬁ"EQﬁsumlgSMWT%ecth §B@8( Eg@ﬁﬁc Q(NGP?Q ethéEsubcloned

enc pective <ANGP | oned jnto

mﬁelewe@pbmuveceEW%%erfpﬂ als»hPM EUPRGING TioR traneicnt aad stable
¥Ra6RE 02B0 QarPAIC- @%M@F’R theh 1&%&1@& oned @H@ﬂaﬁécp ®Weiplasmid

sequences were verified
PreReA AR raimragt et fr selL gl <feabgad Ao McherediageD
of the plasm ds were prepared by plasn1d prepar ati on
from gnsforned E. coli cultures (Nucl eobond AX,

Nagel ). Exanpl es 3 Expression of bispecific,
blvalent ?ANGPﬂg IGF 1R> analbod ,1mhere|n |nhthe'

tﬂa mCanI@B tndlR @@écmawbﬁa%g\ébi I8FEIR, e&l &ﬁ@ﬁnbﬁoxﬂﬂﬁl@ VL and

Ot her (anreV|ated herelqwgs 5 NGPlz q& ‘¥>_ - VH
%ﬁ&u@%ﬁh&&&&m@on of <I G~ 1R> VL-VH exchange anti body
and <ANGPT2> wi | dtype anti body in HEK293 EBNA cells to
eId1 ‘Epe0|f|c <ANGPT2- | G-- 1R> VL- VH exchange
In order to generate a functional bispecific
antlbody recogn|2|no IGF IR Vi a the <| G~ 1R> VL- VH

oA O | IR iandbes apgeya 91

%%&GPM$ %M%e aﬁgbéﬁgmqq'ER@j E]ﬁ\lﬂtc@lﬁrto%élj&bisb&lﬁdm
e <IG-1RrR> VL-VH

Ph by R ’ ﬂ-re coexpressed with
tIﬁKbtﬁl(lpfcﬁ§éﬁe@£te Rl ﬂﬁlﬂlldﬁal Qﬁqieth@cfa@tlbbcﬂm recANGPThZIGE-1R via the

B VPRGBS0 LGP
exaiNGRFe> heiddtype Fialh megibiC onhihe otbeside tha twhexpression plasmids
g:%aﬁ{ga¥dro{heoEIGF-lR> VL-VH exchange antibody (example 1A) were co-
expressed with two expression plasmids coding for the <ANGPT2> wildtype
antibody. (example 2A). Assuming a statistical association of wildtype heavy chains
HC and VL-VH exchange heavy chains HC*** this results in the generation of
bispecific and bivalent <IGF-1R-ANGPT2> VL-VH exchange antibody . Under the
assumption that both antibodies are equally well expressed and without taking side
products into account this should result in a 1:2:1 ratio of the three main products
A) <IGF-1R> VL-VH exchange antibody, B) bispecific <IGF-1R-ANGPT2> VL-
VH exchange antibody , and C) <ANGPT2> wildtype antibody. Several side
products can be expected. However, due to the exchange of only the VL-VH
domains the frequency 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> VL-VH exchange antibodies the ratio of KANGPT2> wildtype antibody
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bi speci fic and bival ent <l G- 1R ANGPT2> VL-VH exchange
ti bodg . Under the assunption that both anti bod
1y well expressed and wi thout taki nSCE/EH%‘)OS/‘"mm
products into account this should result ina 1:2:1
ratio of the three main prodysts A <IG--1R> VL-VH
exchange anti body, B) bispecific <l G+ 1R ANGPT2> VLVH
exchange antibody , and C) <ANGPT2> wi | dtype anti body.
¥Rhd ardd dRSIPIRS llQI—S’H:ébtthbn@ atibedy pthsmidywvessashiftediia favour

P s ToRE 0 oCr AR Ghr B b s B dbe T educed compar ed

to the conpl ete Fab crossover. PI ease note as the

%N@Tﬁatemhedhypeofathe body piedvetd A) gHEF-Bprékdithnexchange
ahgg&?@) Sﬁ&ﬂ@ﬁ"@l 18- iﬁ@n\/l‘i NﬁH %k%n%&n%&ch YBE C)

exchang anti bqodies the rat

<ANEPR D> vonld@xmp@t@ﬁfiy sheijpir aaanaids RRE-BCEE--1RE- I\BLa'thUC-

gxshange 1@<ntarhpd?1aahaﬁ,msko4 &m@fm@mm faQMOLHBOGprC LC-
t he eﬁ)resm on. o

<ANGPT
@/e{q]téaqﬂe%tl}sfottf?éls tle ubF %E%g?& cfﬁ&as described
‘dbo%Hl“Be( hh&esgéﬂ gupteiraakyt, coBYaiheds p @ik fof che<AAEPFRduGH-ADRIGF-

e DU TRRTRY o, Mttt SRECpRegr RS Vi
pkitlagge *’antlb@%z 1Rn§n@) plANGPE2> SEbdtypUentitdyNapd 2s giggoted as

S J t
s Eg gﬁgx?ggpﬁggg%adgﬁ Rixt I BGSdc AT V- Vi ek dhaRSd Rigk @(%thl‘i‘nng cell

ells as descri bed e The
iSSP Er e (RS, WaTehAvesisik i Geal HERHOD %T%b bRt purified as
Rleedbd sbotd. <I G=- 1R> VL- VH exchange anti body, B)
bi speci fi c <ANGPT2-1G--1R> VL-VH exchange anti body ,

S S R St TR S G e

edoemn gba mducomngnmmgstdsequeou btainieg witheFanmeassie drilliant blue
I
Véﬁa’xdlq? ﬁ%ﬁ ex %ecr?l'g{:)gﬁ&%éo V&Eﬁéé Q8 AN, %@%@Wﬁﬂﬁlﬂ%howed that

pur he integrity of
aherepsas 2 differoriheanatnd bghtish alsnscm@en the PHEAf3ig8 @p ggpected

E(Péilu%@&%@lqe(F%fur@ 168 00kdra&eAgANsaniles SRS pRIVERIR for subsequent
st ai ni ng omassi.e. brill |%nt bl ue and by si ze

éazetemreﬂwﬂ% NoHPRHhIRSIEHEANGY bed. The SDS- PAGE

showed that there were 2 different heavy and |ight
dhamplod3®sents in the preparation as expected (reduced
gel) (Figure 14). Characterized sanples were provided

C%at_e%_fcé[l%ﬂtongﬁﬁg cfﬁcaﬂ@h@pﬁ@ JGRMRS YDOYT @REHange antibody
STEA . Xanpt e SB DELecT| on. of functi onal

In order to confirm the presence of functional bispecific KANGPT2-IGF-1R> VL-
VH exchange antibody in the purified bispecific VL-VH exchange mix of the main
products A) <IGF-1R> VL-VH exchange antibody, B) bispecific <ANGPT2-IGF-
1R> VL-VH exchange antibody , and C) <ANGPT2> wildtype antibody from the
transient co-expression described in example 3A, a cellular FACS IGF-1R-ANGPT2
bridging assay on 124 cells (NIH3T3 cells expressing recombinant human IGF-1R,

Roche) was performed. The assay principle is depicted in Figure 10. A bispecific
<ANGPT2-IGE-1R> VL-VH exchange antibody that is present in the purified
antibody mix is capable of binding to IGF-IR in 124 cells and to ANGPT2
simultaneously; and thus will bridge its two target antigens with the two opposed

Fab regions.
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in a cellular FACSbridging assay on 124 I G~ 1R

ressing cells In order
WOfZQfEf g to confirmthe presence

@B95hal bi speci fic <ANGPT2- | GF- 1R> VLVH e%‘c’ﬁ%’é@smm%
antibody in the purified bispecific VL-VH exchange m x
of the main products A) <I Ggx1lR> VL-VH exchange
anti body, B) bispecific <ANGPT2-1GF- 1R> VL-VH
exchange antibody , and C) <ANGPT2> wi | dtype anti body
Bh@ﬂ@r tsR@0KT BRSHR per EACSXPbEHBIedNcUtaLEl Wik dotahpwexfaadpdngibody

I EA R- ANGRT?2
a0 af e tiasne BT BT L0 M Aap Ry urinea
h@fbddres Widtyp) <MGE-|Rer find r@dNGHT@ awsxayamhsqh 60 he [34scells as
\/E'?t{fﬁlg qgnthﬂmﬁ aglﬁﬁgd%gésyﬁa%'e& Q@Q}L itk 4%&%d Ipgs (EiF%o) + 2%

r esent

BGSI(Giltsa) cnel4 wwenﬁrsfugegl (éapmt eg BN‘]EPW@‘& B@P‘rf@ﬁ qrgibody
V'v:)nrzlls l@lg%ﬁ%glngﬁql t@dggl b Qg ANGRTin Bl ?NHPQQQW?%}S)M&B@) foush on ice.
1 gens w
égbﬁgé@tbaanb%w%ﬁvﬁ@&?%ﬁsw oS oy B vice wif wilh 4mldee cold
PBRE Gitiog + mmmt(éﬁbw)x dells Ozteﬁel ceptrifuféde(h mirt atodyg)rind bound

%%}I”Fg-uﬁvggﬁcgeg%g@[ W1t Efb(ﬁ rl % (lg“ln fcﬂgﬁ%l?gbs W%dglgl[}mtm antibody

<Bm09|sa> R&D &)AN@BTzﬁsr \Aérremapplwee @ltt:@latlh@)’»l@ﬂs cyvaew ncybated
LK n
WAt 58 @ Eg@%& gﬂg@ﬁ'fﬁz% E Bstdnd. Wnbound

ice col ECO) %

dletertion agdbrdyswas washe mygylﬂaﬁdm éﬁﬁn@‘g gg&g%’fqo‘é + 2% FCS
?Gﬁﬁc@? Q‘gltléé\@r{gre%hﬁﬁﬂa (5 thih 5010015;) AndBoahd laum:AN@fbmy was
dcsetrd e Gl Sy i s T bkep AR for 45 min
Q)(iﬂ ide Efﬁ)‘ﬁec(tﬁ fron) light 20nb&t d Sirdpta)idineRE kenjugate was washed away

1 iy

a\'é e tme d c{l(]i] %gg@ n%%SFéSO %nggeg%%géﬁqv%g@gﬁé%a (5 min 400
@t resoshendBAIDIO0;50RAD. HPSt e Popnd S4@PFHVFF ligrPh g@njugate was
ﬂutdg ifat biel YA @RlalisuMesB (Meuiaingd, Wotdoo &l ped {u@hon)

-Biotin-Isotype control R&DS terrs
d%ltrmﬁﬁhéﬁxgﬁﬁtm%d & RaRECHE FOHPE RAY TP 1Y hifude 5@0 giyfe any
tBepdSAD GMding 28¢efeS I(\Ga&lﬁﬁgn, patified wansogetific] bixgiat 1gG1
atecty wa
E@?&H%ﬁﬁ?ﬁRgdnﬁ’ﬁ%ﬁ@g}g% FED! al\l}lg%“‘il }Iglznk?réﬁojynj ugzt e
(I'nvitrogen/ Zynmed) for 45 mn on ice protected from
| TtghtesultsninoFigd 1 Bsheptthati the ninebationjwitaperified angkedydcrossover
%‘@Iy (ANEpth %F'l@{% 99|\ﬁ{P§§1ahg8 Yhitfody) Behs BueNEL C}:?n‘essmn of a

cells were centrif mn 400 d
J0ossey  Antilmty(gleF- EBan He pxehange g) T—I@? en é voaLthPe

%%BBH\} (Qd\N’GP’ﬂz:EAQ@Q@bé bzu{tlb(oB (&&ﬂtedhaﬂrwlslgnlﬁhaﬁﬂ&hlft in
acgqulL sition er I

EropRctns e drerd & bR D g1

aNly-VH exchange antxbody that was capable of binding to IGF lR in 124 cells and to

ANGPT2 simultaneously; and thus bridges its two target antigens with the two

opposed Fab regions. In contrast to this the respective <IGF-1R> and <Ang-2>

control antibodies did not result in shift in fluorescence in the FACS bridging assay

Taken together these data show that by co-expressing the respective wildtype and
crossover plasmids functional bispecific antibodies can be generated. The yields of
correct bispecific antibody can be increased by forcing the correct
heterodimerization of wildtype 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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unspecific binding events. In addition, purified
nmonospeci fic, bivalent 1gd antibodies <l G- 1R>

WO 2 were included as controls. The resuPFgm?Hmwam"B

Fig. 15 show that the incubation with purified
ant i body crossover m x (<ANGBI2-1 G- 1R> VL-VH exchange
anti body) fromthe co-expression of a crossover

anti body(<I GF-1 R> VL-VH exchange anti body) with a

mkhd?gﬂg anti body (<ANGPT2> wi | dtype anti body)
resulted in a significant shift in fluorescence

|nd|cat|na.
3 » V

bdﬁhﬂ(ﬁﬂ =1 24 cells and to

ANGPT2 S|nultaneously, and thus bridges its two target
%t 'f%ﬁ F}‘g bfoveNhet chplqi}oa?ed b%@@clﬁsgmngp'ﬂznl@nmﬁaw -VH

respective 2> C

amhaiysd pefsb(vim ﬁ&PO‘PSe%i’TIhGEﬁ t%“i‘ﬁlr‘g{g’gi’ i anblied &2 g&n‘é’ee’ipﬁe“‘o“
tdf%l@ﬁqﬁibx VA gV R exthsage Jx&kMdty@getAtéGPThESﬁmbaﬂms sh@btain a

0- th
(ENTRCE OO T T
Qi3 Bemgfmmrtht &eavy theiny iHCHef td)ie <dGFridct Vbi g esilfange antibody
ﬁsn:relz géi n»@ﬁﬁ,ebemn&&a@ae& %iC%@@E D 990 8Cith a T366W

I zatl on pe and ed crossov
reschapge hadribe &CIg3 desnaig inHbe Deopschan o iibi adldtype SANGPT2>

ea)‘i(‘ingB@i RYY¥ 1§c°ed ltle}e %ﬂéﬁd%i&'(%l@?ﬁmé SERUD NO{$@eth a T366S,
on, 0
) Bl e e on el b CHAIGEDG 1 Bggncluded to
}Mi&ﬂ?;d@&ﬂé ﬁthﬂitﬂifdhﬁelﬂlﬁlam well ]ian additibndl sedidles Sprring ionic bridges
ur.t her ove bi
e S A D B N

knobs-i nt o- hol es t echnol ogy |s applied to the
CPheaxgrsizns couxpressiangengd fhe parifigatian ehthg gesuliig Wileityblépmﬁc

<ANGEP2-1ei 1Ib9dVE3V H Oe)&miﬁgen a&lﬁm@ﬁﬁo Hod#d CH3 domains

functional bispecif ion. For this
d&fﬂ@bﬁs@mthnéeswe{:feifa? a% S‘Efﬂédﬁ’éig af‘ié’ n* HC of the

<I G=-1R> VL- VH exchange anti body is replaced by the
Girighslaawe I’ho(éﬁ’iﬂhbs an Of)tltnhﬁtlSE@f hEteN@im8rivitidm @nTigcaieved e.g.

h
XC ang gnm& .F?ogangr} :flgl techn%l &%@ Jﬁ%félv% ﬁ@afnraréﬂ%cﬁ&? of an
okdquna( distfide bridge mtSE@ @B3M@magn wist Yiwch@@@ the ‘kpgbpchain”
YLHW?S%(@ Bgﬁe @l{olé’ LESn VL 58 cdribiadiflivithQRe usk &'r@éﬂtﬁds ®R09D;
can I NC I ncrease the stabili and
ST08) (KABDIaT koo aes Adda5998 EPc i b%idalgeéesmbed

P Ng7R89ANg t he heterodinerization yields (EP
70459A1). The transient co-expression, and the

pXIEaIllI)éocueslfyl t%nexgltnp e l? flrthet b&ﬂ&t?b%l‘i‘é&é‘é VL-t\i/ Igip&@ul‘rig% antibodies
with modified CH3 domains (knobs-into-holes) directed against ANGPT2 and
another target antigen (using the above described ANGPT2 heavy and light chain
and the VL-VH 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 VL-VH 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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<ANGPT2- | G-- 1R> VL- VH exchange anti body with nodified
CH3 domai ns (knobs-into-holes) is perforned as

WOGRYERIsed in Exanple 3. It shoul d be noted t RGT/ERA08/010703

opti m zati on of heterodinmerization can be achieved
e.g. by using different knobgyin-holes technol ogies
such as the introduction of an additional disulfide
bridge into the CH3 donain e.g. Y349C into the "knobs
chai n" and D356C i nt o thpateioClaimai n" and/ or conbi ned
with the use of residues R409D, K370E (K409D) for

knohs resi.dues and 99K: 5 ol e resi dues
desgrib2@”5@aEPQE%$%%€5§TPE%ﬁ%ﬁ%g%&%?y to exanple 4
further bivalent, bispecific VL-VH exchange anti bodi es

wi th nod thelightiaBaigendihsavy dhasbelanansibrdy arerifigalhekinding to a
againsgﬁﬁwgﬁggﬁgggdanotﬂer targgt antigen (using the
above crik NGPT eavy and. | i ghi hai n. t.he.

VL- VH ei?g tﬁ@%w;?né#aaw fn R %%‘“}985‘* SPeélf%&ﬁY&mﬁmg toa
of an arkdoaddntigéd, dtetdn dgataniablesivinthind Vieand ¥iHysre replaced by
wher eby baigpheavy chai ns are nodified by

"knobs- iA &"), or directed against IGF-1R and
anot her target (using the heavy and |ight chain of an

ant i5bodyndi i hf1 h Lk Ogtthand the
above d?shgraﬁggé&?@-g@ﬁq%{g% e%chgﬁgtee 1heavyt and |i ght
chai n*** HC*** and LC***, whereby baot h_heavy chajns
are nodiths eHi3slpmaingheng h@%ﬂé@n)ang the %Q3 Qotnain of the other
pr epgr Sd}eﬁw @tn LcRinfeet dt arﬁiﬁtétﬁkéﬂhict}]ﬂlbﬁﬁﬁﬁéscdrﬁoriginal
anti body,, c ri sing: a),.t i.ght chai n and heavy
chain oflmﬁﬁg%\ Wsed&hgﬁétd‘??‘ﬁc‘gwgomaﬁ&r ng to a first
ant i gen;whaeneln bdidtitter théeghtlterbdtopmmbth deviproataomofithe hivalent,
ant i body.. NNe Y.L ned ] )
wher ei n»[)tlﬁjgg\‘f/i af #g@(}dg ’ a@ﬁ%ﬁiﬂ@&@{t@@ﬁg A 3&9121%%&?%% glg gélatby
each other. 2. The anti body accor,dln? to claim1,

char act & ithesdHB slommin of ere fagy demistltstedone heavy

chain and the CH3 domain of the other heavy chain each
meet at sgRhdtWieHih @eCoridihal inte gy the €H 3do4in@if 0ak heavy chain

i 0 | n{BPRES (6 el B gf Shr o CREATL A P vy

t he bi vadhemtwithinspebivhleot, hispedivdantibaldgr ei n t he

al teration, s SR ASHGE iiszr%gla.kai ¥At84n 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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a) the CH3 domain of one heavy chain is altered, so
that within the original interface the CH3 donma

WOGNR/%RYy chain that neets the original i meppg@gzqglp/mmos

the CH3 domain of the other heavy chain within the

bi val ent, bispecific antibodys.an am no acid residue
is replaced with an am no acid residue having a | arger
side chain volunme, thereby generating a protuberance
Wi t 13 n tihe antibedy seerdihg tdtaitHs cHaraeterizaf inahet heavy
chain which is positionable in a cavity within the

Iaﬂf:l e [); afs% %fa_iég 30%51818 \ﬂ]&o af 1{1{%? mﬁé H?Jm Uﬁlﬂyrye is ?e%&ed

omarn o
al t er ed fraso thegroupiconsistingloé arginige o), phm}éfrlmaee(li% tyrpgne
second g, iHant@r neets the original interface of
the first ormln Wi thin the bivalent, bispecific

anti body an am no acid residue | repl ace a

A o adihg Pémcca PHEP Y19 ékalrgwergwgﬁwcm%@, that

thereby generating a cavity within the interface of
t he secoqil &hitholeitdesidee hiving whinaheraiderchhinbelane & selected

within the interface of. th

posi 1 ofaan REFoLR SR 8, R AT R TS PdeBnipe (1)
char act emlize@V).n that sai d ami no acid resi due having a
| arger side chain volune is selected fromthe group

consy st i QkibaaPadtbRfing @ an B cRIAND B84, (hhracterized in that
tyrosine (Y), tryptophan ( 4. The anti bod y

according t one of acterized.
'n that tos GHEdomaing pis fv%ﬁl?rc?ufsmﬂgvitﬁa"ﬁr%flf’%f* 9ftine (©)
chai n vakdfind acid &l getcetrefpomainigysiions pf exhsilH3 domaof.
al anine (A), serine (S), threonine (T), valine (V). 5.

charaot SARPRAr I RaRin iy AR PRk Al B 7

altered by the introduction of cysteine (C) as arm no .
acid in them@mfrt be gt depisiha irbﬁ%@memsgét%oap@h heavy chains

donmai n. 6. iJh 1@&&3'@0ﬂ¥0§§£‘rﬂr}f@aﬁﬂcﬁﬁn AoRhdih I3H1 and the other
char acterl zed in Elhat f the nsta

e
domai ns CH¥8#2Bb ﬂ‘ﬁ‘?ﬁ‘s 'F &pP ﬁﬁegid by ‘é’nsmnt light
const ant he:mm&zhaam(ﬂonal n CH ; and the other

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 variable domains VL and VH 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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constant heavy chain domain CH3 is replaced by a
constant light chain domain CL. 7. A nethod for the

WO3PEIS%R2i on of an a bival ent, bispecific ant Phb#EF2008/010703

according to claim21 conprising the steps of a)
transform ng a host cell witlhs-vectors conprising
nucl ei ¢ acid nol ecul es encoding the |ight chain and
heavy chain of an anti body specifically binding to a

firg am h@eell ugpisg:conprising nucleic acid

nol ecul es encodi ng the |jght. chajn.and heavy, chai.n, of

o anti cRbS pepr AR ARG Py AR S ] o and
wher ei n Helney ahain eflaineandiibody speciicallynbindidgdo e firgphtigad by
each other; b) culturing the host cell under

condi ti QOécéénxg %%:)Sn%lrrllsf?lg mdbdEsd ﬁq(ﬁ&uﬁ@ie‘i{c@d‘i% H%dly%hé chain and

nol ecul e; . ecover] ng sai d. anti body l ecu )
from saihgaurhain eofgan anfibedy seacificabimbindipdo 2 serepdrantigen,
conpri siyikraH¢hévaziaBle dbrihE£vLLas VensRdeplgeddhy eatlgbther.
chain and heavy chain of an antibody specifically

binding to a first antigen; :vectors conprising. oo
nucl’ei c fg&?ﬁpﬂﬂﬁl%lﬂf?ﬁgr%’i}’c?}BP?fgﬁCﬁlé“ﬁaf8‘2? dbaﬁg?brgﬁlcacr?g] position
heavy chdithe iafalemt, bispédifichntibpdy afdocding yo Baimah np G.0 a
second antigen, wherein the variable domains VL and VH
are ep| . 2 itd i . .

o o105 B Gt fRal o BhpRiort corfpIRERBINGIcAR bispecific antibody
conposi taceprdatg tondaipisviatehndit dessicpng phamaceyisplly acceptable
accor di ngcfpenel ai ms 1to 6. 10. A pharnaceutica
conposition conprising a bivalent, bispecific antibody
according to clainms 1 to 6 and at | east one
pharmaceutically accept abl e exci pi ent.



